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- YOLOGY COURSE 'TAFF, 19.50 

I. Instructors 

Donald P. Costello, Kenan Professor of Zool , University 
of 1 orth Carolina, in charge of course. 

Arthur L. Colvr.in, P~sistant Frofessor of Zoolo , eens College 
Charles B. etz, Assistant Irofessor of Zoolo , Yale University 
James A. .:iller, Professor of Anatoey, f ory University 
S . · eryl Rose , Associate Frofessor of Zool • , UniVE'.rsity of 

Illinois 
Albert Tyler, Associate Irofessor of ~bryolo , C · forni Institut 

of Technoloey 

II . Research Assistant 

J"argaret E. Davidson, 'cGill University 

III . Laboratar.y Assistants 

J. Bruce Guyselman, Northrrestern University 
Donald J . Kent, University of North Carolina 



:IRYOLOGY CLASS, 19)0 - •• B. L. 

Anderson, Irene Louise 

?.abbott, Elizabeth 
Bernstein, Faul · illiam 

Carpe, Iestra 
Dunnebacke, Thelma Hudson 
Feightner, Lai'VI'ence .EdYrard 

Fow1er, Ira 

Gamero-Reyes, Alonso 

Gravett, Horrard L. 

Greengard, Paul 
Jacobson, Eugene Donald 
Konigsberg, Irwin Raphael 
Lansche, J amas McLaren 

Leavitt, Earle E. 

Lindberg, Robert Gene 
,label, Judith 

l!.agner, Bertha Ardys 
.'cCullouP"h, Kirk if. 

Neff, Ruth Hensley 

l.:cKibben, Juliet Nancy 

Pepper, Max Philip 
Renzi, Alfred Arthur 

Sexton, Owen James 
Small, Jean Elizabeth 
Smithberg, llorris 
Spiroff, Boris E.N. 

Van Breeman, Verne 

Vogel, Philip H. (S.J.) 
Volz, Ruth 

crrm University (B.A., niversi~~ of Toronto; 
r. • , • •raster University) 

Connecticut College 
· :esleyan University (A.B., University of 

· assachusetts) 
Sarah Lawrence College 
Smith College (A.B., l •• , ashington University) 
University of Illinois ( .s., North Central 

College) 
lcuisiana State University (B.S., I,ouisiana 

Folytechnic Institute; .s., Louisiana Stat 
University) 

University of l~chigan ( .s., University of 
J.lichigan) 

Texas A. and 1'. (A.B., \Tarn s li.llik:in University; 
} .A., Univarsity of Illinois; Ph.D., Univer
sity of Illinois) 

Johns Hopldns University (B.A., Hamilton College) 
'1esleyan University 
Johns Hopldns University (A.r., Broo~ College) 
Hashingtan University Medical School (\.B., 

•• ashinrton University) 
Norwich University (B.S., University of New 

Hampshire ) 
U.C.L.A. (A.B., U.C.L.A.) 
Goucher College 
fuke University (B.S., University of iam:i.) 
1/ashineton and Jefferson College (B.S., U.A., 

\fashington and Jefferson College) 
University of Missouri (A.B., l .. A., University 

of 1~ssouri) 
Carnegie Tech (B.S., Grove City College; 1 .s., 

Un."i.versity of Pittsburgh) 
.Amherst College 
Syracuse University (B.s., Fordham University; 

M.S., Syracuse University) 
Oberlin College 
University of Massaclm.setts 
University of Rochester (B.A., Brooklyn College) 
Northwestern University (B.S., Loyola University; 

}' .s., University of Chicago) 
State University of Iowa (B.S., IG.etzing College; 

M.S., state University of Iovra) 
~ola University (B.S., Xavier College) 
Brothers College, Drew University 
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1. leppor 
2. er 21. 
3. nst.ein 
4. Volz 
) . Smithbcrg an c 
6. l'abel Or~ tt - 7. Or ngard Vo 

l~ 8. 1 ill r Gru ero-R s 
9 . OJ.yselman K nt 
10 . 1cKibbcn 29 . 'l'yl 
ll . Fcightner 30. Co tello 
12 . Carp~ 31 . letz 
13 . Neff 32 . ,Jacobson _,. l11 o Anderson 33 . l.a.nschc 
15 o Dunnebacke 34. Leavitt 
16. Small 35 . I•'owler 

;- 17 . Babbott 36. lindberg 

~:: 18 . Davidson 37 . Koniesberg 
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19. Rose 38 . Sexton 
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YOLOGY COURSE, 1950 

Schedule 

ed . Jur.e 14 7 :'5) Introchl.ctory lectur Cost 1lo 
Tlrurs . June 1S 9 : 00 Te1eosts o:::c 

i . June 16 Teleosts Ros 
Sat . June 17 Teleosts 0 

1 . 

:ron . June 19 Teleosts Rose 
Tues . June 20 Squid ose 

ed. June 21 id Rose 
Thurs . June 22 Fertilization Cost llo 
Fri . June 23 Fertilization Costello 
Sat . June 24 Cell lineaGe C . tello 
Sun. 
ron. Ju.."le 26 hinodems 

Tues . June 27 Echinoderms 
led. June 28 Echinodenns 

Thurs . June 29 Class experiments - ec.."1inoderms 
Fri . June J) Class exreriments - echinoderms 
Sat . Jul¥ 1 Annelids er 
Sun. 
'on. July 3 Armel ids Jill r 

Tues . July 4 ? ol:W.sca Col win 
Wed. July 5 'ollusca Col win 
Tlru.rs . July 6 C1as s picnic 
Fri . July 7 Coelenterata 1 iller 
Sat . July 8 Coelenterata 1'iller 
SUn. 
r on. July 10 Tunicates Col win 
Tues . July 11 '1\micates Col win 
.'ed. July 12 Chemical embryolo['Y Tyler 
Thurs . July 13 Chemical embryology Tyler 
Fri . July 14 Chemical embryoloeY 'l'yler 
Sat . July 15 Experimental period Staff 
Sun. 
J'on. July 17 Experimental neriod Staff 
Tues . July 18 Ex:peri.mental period Stn.ff 
·,·,ed . July 19 Exper:i.Ioontal period Staff 
Thurs . July 20 Experimental period Staff 
Fri . July 21 Irepara.tion of reports 
Sat . July 22 }resentation of reports on grrup experilnents . 



.ednesday, June 14 
Thursday, June 15 
Friday, June 16 
Satur<Uzy", June 17 

Fonday, June 19 

Tuesday, June 2J 
~dnesday, June 21 

Thursday, June 22 
Friday, June 23 
Saturday, June 24 

onday, June 26 
Tuesday, June 27 
· iednesday, June 28 
Saturday, July 1 
. onday, July 3 

Tuesday, July 4 
Wednesday, Ju:cy 5 

Friday, July 1 

Saturday, July 8 
Monday, July 10 

Tuesday, July ll 

Wednesday, July 12 
Thursday, July 13 
Friday, July 14 
Tuesday, July 18 

.~onday, June 26 

Wednesday, July 12 

Wednesday, July 19 

ffiYOLOGY COlRS~ LECTURES 

1950 

Introductory remarks. Dr. Costello 
Teleosts : Introduction and normal stages. Dr. Rose 
Teleosts : Localization. Dr. Rose 
Teleosts: Differentiation and organization (I). Dr. 

Rose 
Teleosts: 

Rose 
Differentiation and organization. (II) . Dr. 

Squid: Normal development. Dr. Rose 
Squid: Specializations. Dr. Rose 
Fertilization. I . Nerois limbata. Dr. Costello 
Fertilizcttion. TI. Dr. Costello 
Cell lineage. Dr. Costello 
Normal echinoderm developnent. Dr. 
Determination in the sea urchin egg. 
Determination in the sea urchin egg. 
Normal developmnt of the a.noolids. 
Remarks on the early history of the 

E. G. Conklin 

etz 
I. Dr. llctz 
II. Dr. 'etz 
Dr. l.iller 

Laboratory. Dr. 

Normal development of the molluscs. Dr. Colwi.n 
Elcperimental a:nbryology of annelids and molluscs. 

Dr. Costello 
Factors influencing reconstitution in the coelenterates. 

Dr. },jJJ.er 
Patterns af coelenterate development. Dr. J.liller 
Normal and e:xperimental analysis of development of 

the Tunicate egg. Dr. Colwin 
a) Differential retardation and acceleration in 

Tu.nicate development. 
b) Asexual oovelopment. 

Dr. Colvlin 
Dr. Tyler Chemical embryology. Part I. 

Chemical embryology. Part II. 
Chemical embr,yology. Part III. 
Amphibian gastrulation and the 

Holtfreter 

SEMINARS 

Dr. Tyler 
Dr. Tyler 

"organizer". Dr. J. 

A study of the metabolism of amphibian neural crest 
cells during their migration and differentiation 
in vitro. Dr. Reed A. Flickinger, Jr., University 
of Pennsylvania. 

Studies on the changes occurring in the protein systems 
of the sea urchin egg upon fertilization. Dr. 
A. Monroy, Rockefeller Insti tuto for Medical Research 

Embryonic in::luction in .Anphi bia. Dr. J ohannos Hol tfrotor, 
University of Rocrester 



.!ERYOLOGY COURSE EXFERTI "frAL 0 S - 1950 

1. Developmental capacities of isolated blast ere ... of the er, of D.yanassa, 
with special reference to tm effect af the olar lobe. • Col d.n 

Carpc Volz 
cKibben 

2. Effect of 11 conditioned11 Vlater and Cu on Ascidian tadpo e 1: tar.lo hosis. 
Dr. Colwin 

Small Fepper 

3. Development of isolated blastoreres of areis. • Costello 
Gravett Vogel 
Gamero-Reyes Fowler 

4. Studies on spern extracts - action of antifertilizin and basic proteins 
on eggs and sperm. Dr. Uetz 

Bahbott Neff 

'. Effect of chemical s on aninal arrl vegetal differentiation in th chinoderrn 
egg. Dr. :etz 

Dunnebacke }{abel 

6. Elcperi.men:ts designed to test whether substances circulating in the coolentaron 
are necessary for reconstitution in Tubularia. Dr. (iller 

Feightner Sexton 

7. A study of apyrase activity in Tubularian reconstitution. Dr. 'ller 
Anderson Konigsberg 

8. Tubularia: Test for circulation factor in dominance of distal over 
proximal regenerating regions. Dr. Rose 

11agner l~cCullough 

9. fundulus (if available) : Attempt to influence position of shield reGion 
by raising temperature locally just at'ter fertilization and during cleavage. 
Dr. Rose 

Lansche Bernstein 

10. History of polar bodies and chrom.caomes in artificial parthenogenesis of 
Chaetopterus, Nereis arrl 1~actra. Dr. Tyler 

Lindberg Leavitt 

11. Production of druble embryos by KCl. 
Renzi Srnitbberg 
Spiroff Jacobson 

12. Action spectrum of photosensitive shedding substance of HYdractini a. 
Dr. Miller 

Greengard 

13. l.'uscle development in Styela. Dr. Colwin 
Van Breeman 



.YOLOGY CL! S - FD AL S • AR 

9:00 ; , Saturday, July 22, 195 

1. The developn:ent. of isolated blasto'1ere., of Ilyanacsn. Iestra 'arp' 

2. ...,tudies on the effect of copper an:l other factors on ascidian tadpole 
metamorphosis. r ax ' . l epper 

3. . st't!dy of the teclmique of isolation o_ blastor: res in ereis. Alonso 
Gar:lero-Reyes 

4. Studies in basic protein and its action on spem. Eliznbet.h Babbott 

5. Effects of lithiun:-and sulfate-free sea ·;ater on animal and veget 
differentiation in :Zchinaraclmius panna eggs. Judith l'nbel 

6. \n attempt to determine whether circulatinr substances ar necessary 
for reconsti tu.tion in Tubularia. Lrorrence Feightner 

7. :onophosphoesterases in reconstitution. Irwin R. ronigsbcrg 

8. The circulation factor in dominance of distal over proxL~nl rocencratinn 
refP_ons in Tubularia. Kirk 'cCu.llough 

9. Attempt to influence the location of the embryonic shield in the 
developing Fundulus e~ by the local application of heat. James 1. 
La.nsche 

10. The suppression of polar bodies and their relation to cleavare in 
artificial parthenogenesis of },.actra, Nereis and Chaetopterus. Earle E. 
~avitt 

11. Production of double embryos in KCl. Boris E. N. Spiroff 

12. Action spectrum of photo-sensitive substance respnsible for maturation 
ani shedding of the eggs of eydractinia. Faul Greengard 

13. The effect of colchicine and urethane carbamate on the viscosity of the 
Echinarachnius egg. Verne Van Brecma.n 



r:r v;din 
t:'!r8E: .·e.:.,·s 

Q p'!."'OC"'J.l'Ocl 

Developne .t of 
~on-Fela ic (Demersal) Eggs 

'Iypc - F mdul us ~. 

:.!aterial is test n. r. :1:ost a1 u:dn. · durinG 
of .=-u'1e l'tlt Sl.:[:.ll 'u~·b-;rs of f~:rt li:7.nble 
t.~rouzh July lf>. 

Clas~ are , ct2 , -
Gener?l vles ;_q.liT' ,ent - r 

Ind:vid l.rl :Lc_t.il::1on-c 3 
l~r e :-tq HH' ia 
clcnn L.rtn' - 1.· c1. ·ls ( 4 : 211) 

first 

· l •. tt:s to cover f i l [, ~ r' - t" I)VIl S 

2 s .. :rraC' lS0 ct.:.u'"'t(.r 
3 or ,'i:'.~..,r · - ci1.x~ttcs n1·d ,1ult ~· . - -
1 fine - tirpe< pi I t..ttn n d 1,n1:1 

r'.lJCl' to "Gl Ll,. 0 ' fil tor r upor 
lrn"' papcr 

2 svracuse diJ1cs 
hair loop 
~ulture ~;llc'k - 1 .7-1 . 8 U't . d 1-r·'"'S:l.on 
plaj n (, lass f' li1lo~; 
t""_in s (•et o ... m i1~u 
co ·cr slips 

s0:··_·t..ion:-- - stock 0 . 5f 1Jc '.tral T':ocl Svl·:t.tlon 
Dilt"..to so a :r2o (70):: sea H2o, ~")o;; fresh ·:a t.~;r) 

Ld~~tiona l Rearcnts nco~~d if erg~ U"'3 to bo fi~od for soctiuDing or 
totRl proparnti~ns: 

1 - ':'otal prcparc."'..tl· .. ns: 
Stuc~:{ _rd ' s solution: forr:-w.l i :'l- f) parts 

2- F or ~octioniD[: 

Gl acial acetic - 4 parts 
rlycurin·.; - () }:mrts 
distill d \ ·n tor - 85 parts 

3 ouin ' s or Zenk•>r 1 s Fluid~ 
Graded series o~ ~lcohols 
amyl- acetate 
b6 - 58 degr0c paraffin 

Tochniquo_of Preparing and Handlin~ laterial : 
A. Cnro uf Ac1.ults 

!il t;.~.(mgh fish arc usually br~.;un:ht to the laboratory in mix .d 
lots of mnlC!S and females it is s.dvlsnblr: to surrog&te tho soxos to 
pro,.ront spnwnint;. !·:bles r.nd f~Jmalcs c hould bo placed :tn separatE) 
tan~s until nuoded a nd after strippin8 ru~ovud to a discard tnnk. 
'Ihe sexes of iJotl'1 spc;cics of :~unr.u1us arc• oasiJ.y iclontlfioc1 . The 
mature fena lo F . hetvr~clit"J.s is pn1o ·olivE:J in color ,nd unun11y 
poosossos no distinct ba:·s or spot~1 , althou~h tho young fomalofl 
ha·,·o indistinct , do.rJ.:: , trn.nsvorse bars on thu sidus . The dorsal 
fin is ncn- pigJ!lCmtod . Tho udul t male of this species is dull , 
d8.rl~ -grucn , t:1u sj_dos bo~:~rin r.~ narrm• , ill-defined transverse bars 



B. 
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cor.poscd of s ilv ... ~ T s_ ot., . ' l. d'•rsal fin po s · '10 S l a ck 
oirr:cnt c,rrc.r..t:;ed l": . t1ottlu~._' put;t~..r • • Tho body 1 [trkincs of 
.f. rna .iGl is uru rr:oro cuu:: pi cum s. ':."i. y lu uli fonr.lu has n 
p ; tturn of heavy hlsck lo~:itudin 1 stri~os on t.w sidts nnd a 
nor..-pi~1cnted d orsnl fin . The s ia s of tlh. "li, tly ir rko r f' l 
b._r.r u dozen broac , dar.< , t;::."'n~.s vorso f'.r~\ . The blac!c pntch on 
t~e dorsr l fir.. is striking . 
~rocurin . G~1etcs 

Hut"1 t rgs and sp rn: a::.'e p ocu.rc,~ y c-tri pi ·"' • 
bel..{ flrr:.ly "ith tho lc;:'t :1r:md w ilo r,vntlo pr S<3 r: i~ n · 1.; d 
to tho nrd01.~n ustn · t:;.o t!'lw~b ,l'id for ·fin }·r of t u r:i.r1t 
h:u.d . ,·~s t~·-' c finr;on, t.re 'rm-:.1 t r nr< s t 1 · 
fr>rc s o t the rru:~(;t~. R .. If the fl. '1 1.., l'l tl(':r..in';t t~o li t· 
w •• ilo stri~ :;;:i::.r- the e~-:,g. ~·:e1.,r "bo s, er. pn s ln: thr:>u r- hL' ov '· 
duct <1··.c1 rur.s :-> l one; t}:.·· [U ['.l .L L . .. 
Propc.r<.lt io'1 of Cul'Ll'.<.'<Js 
---"S trip c..::-r~s i .to n L ·.~: finr-.:r ov:l :l"i c'~- 'ns b\'ur n'oiston:·d 
·1ith sor. v1nb ... r • .::)·~ri .. :iJ.t int r.m~l rr:ou>lt. of .1. n ·.·etor , 
n.ix V'ith cc:rs , f'n~..1 all .: to Rt:.:.nd i t tt t'f s .. lt ··:~tcJr . \.itl·or 
O~"fT"' n '1r s 'cr: s hould 00 cll0v-cd tv st~nc'l 'oct'•·l',' 1\ l't·' l:!zi'1•~ · J{ ~ 

Afte r 30- 45 r.1 nu t·F c:1n.nr-c 't'l,.' s0a \' o:t,;r ~md lonvo th ~ 'Ir,-.., : n 
.J_ - 3-11 • Koe hov·l covc r ('d ;;it 1 n r;l r.ss lf~tu . L) l"c•t. 'lllt'W 't:e" 
to clunp or :'.CC.l2'T1.:t1rt0 in 0~10 spot . Lnb, 1 \' ... ch lot ·it thu 
~..xnct time of f~Jrtl .izn.t:ton. Chr.r fO thLo 'l,.tur nt lo'.\Rl- t ~icc 
n dry . 
~~:. thods of n tu(; ing o f~rs 

l'he C[[;S s'l.' u l rl fi rst be Rh•clit d :in t c onditin in which 
t.~l(·y nro sp:wmc..d, but L."">r p:::.n:r purposus it is dosjr::'blo to 
pr< perc them fer ::-:ierc:Jcopic stu dy ns fc.J.lovl~·: •uJ.l th(" [': :1 em 
a piccu 0f filter pap0r vr pr!.por t cv1clunt..il th-:; jJJ.1y 1 1d the 
outer f i hrcn nru rl-ncvcd lc._vinr th(' su1•fcc0 of tlw o 1Lc r mom
b rarw s:,1u·>th Lnd r.lOLYl . The sr .. mu procudur€. ::~hl·ulr, l'o f·>llcwud 
fer d[ty- olcl st ock cul tl1.I os i n or ckr to lJr v•mt c lur.1pinr, of tho 
0 [,[';S • 

For oxpo r ir.ontu J. l': ur:{ v1hc ro nbnoJ.utely n:)r mnl dovolo!;ment is 
ossontic,l, oc;p;s 2- re usuD. lly cx·.~r::i.w:d mcov o r L:d in shnllow dc 
prossi·.m slides t·.nd mo.nipulatc..d YTith l1~.ir Lwps . For lnbor: ttory 
stt1.dy ';;hero ccr;s ur0 to be •:bscrv,.: d ovor lon[; poriodn of t imo 
nnd sp.:cific ~;riuntr:.ti.m is oc..E" ired, u:i. t her of tho folJ.o 1 ing 
me t hode; is suc;goste;d: Pln.ce the o cgs in son wntur in culturEJ 
slide s hc.ving n 1.7-1 . 8 m.rn . doprcs~ion (s liF,.r1tly l oss thc.n tho 
clic.metcr of the o c;g ) . Tho Of.G may now be rotntod by 1~1__, ing 
the c0vt.:r slip. If these s p<H::i.ul slides aro not nvail~;.blo 
egp:,s m::~y b e placed in n drop of s en wnto r OY1 nn orc~in~1 ry g l ans 
s 1 ic'l0 nnd c ovur cd vii th c. v ur:-y thin , fluxiblo sheot o f P1icr, . 
Wt".ter is then wi thdrnwn wi t:;h l on8 [.i[:pe r until c :-tpil l a ry nttrnc
tic)n cnusos r• prossuro on t}K: e gg nnd it mn7.r l.lo r otat ed cs in 
tho Pl'O'.T i ous r.1.0 thc d . 
Pe rmane nt To t n l Preparnti ~ns 

Fix the oggs in 'Stockard ' s solution . Th is 
pln.sm nhi t o hut l u[,VGS thu ~rolk tJ •nnspn.rvnt . 
bo usod cs ~ ~rosorv~tiv . nr tho M~t0rirl rn~y 

I ' t o 10~.) f orm;:.J in nft c r ~; dnyiJ . 
Prq[U'r.tiun of Ev,r:s f.)r Sl' c 'Ciuninf" 

turn3 t.hu proto
'1 ho fix:.l t i v o mny 
ho trClnsfurrod 

- EGgs must be dcc"'or ionc.tc·l ·bcfcr o f:l.xntLm to nlJow fJuicts to 
pcne trr, te t:1c in tvr ior . ( I•\:,r do t u i. ls of this 1 ro~os s sc·c 
~Hch'.Jl[~ S " ' 27) . ':rho fuJ.lC'vJ i.n~ r10thod of omb<Jclr1inL is that of 
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..... nrron '34, v-•i 1:. some mon:ficat ... o.1s of ti;,i .r:: sugg,~<"tod b J. 
Cppe" hc3 i ;-1er . 
_ _ Fi:-- in [ouir: 1 s or Zen.:er'.., solu7ic·n 12-24 h\'lrs . 
2 - Run UJ:.. in orc1 inary -m.ner throu·;h the .lr.ohcls lt'R'i"le~ egrr;" 

L. eacl1 thrc...us-1 ~ 5;: for 0'10 l:o,tr . 
3 - !·lace in abs .lut"' for 2 ,10UrS-"\l.nl1i. rr t rou.~h S<'\' rnl C1 :1, 'S • 

_ F-8.~0 i:-: equnl par ts r-.bsLl l.t e ·-. .C: a:.,-1 -a ~ 'tnte 'or ·J. our.· . 
5- : lru·e iD ar.:yl - a ..... ntate for ' ·~-~c3 1 urs . 
,) - r lace L1 ec::w.l rart of Hn,rl -a etr..' c n d para 'fin .nc. i 1 1''.1 ' te 

at a':l ov.t 30 <'ie.:;r ee s for at~ ..,ut 12 r' o n s . 
7 - '~ r1.nsfer tlu'o"-.. ;h thr"'c c.18i'·.,.e~ of ."'a}.'nfft1 ll5 L~-n te ., i:1 

each ) an :. n.bed in .SC - 5G dot Yt..."' 1 ara ffin . 

vtsP:'v£.tiY1S 0f 1-: or!:-J.R l D0v-:-)l op·:u t 
l '1''-·e· 1 ;-"fer'tll ~~'"'Ql 1.. -r·· S ·I'l· ,, t 'r·~ e ·~·~ .. 1' · '" " f,'J·Hlle ,'Lr1t0 l4 ~ ·-- _. • •• I ....._ ,.L ~ \ ,:i .(J, \t • \.1 .t \..1 \"- ~ ... ~, • ....... C.,,. - ,. .1_ 

lute0. sea vmte:;:• (?G fr.,·sh V!::-:.t<:·· , 30~,: t' f\ y·nter) . \.t~ p tht.,t1 
in L1is S")J.t:t.i<);1 to r etain tl-:t 1.or h\.·J o·it ~··l r.l.rra::L.rristi.c~; 

observa~JlG 2t ti:J.:e of' e·~tl'tU i0n . :i~~t ' ..;~w de·~ ils o.' t '· ~r 
turf)S of the unfor D iz 0 1: r:t! c (•vu· : . T:ws · i•-1Ght.1<; pl~·~_:·
l ·..J t:: , oil dro_t>s, }Jrotoplr'!." l.L r .,·.lhl'atL_·_, J.l:tcropvlt , { tc . 
( ':'he ll: icro}ly t: n•t E:t 'ou o )Scr ·:, d b~:lfo::.'" !'OJ :\...V:1.J. of r;:. orionlc 
j c;lJ.;r). If J vH'1g vva aro 1r-J~~un t '•·Lpn::.'e with riJE.~ O\ n . 

2 - The: Spo!'n: Sp~r!'l1 m .. ~y e stripp· d in·~o sna "nt t~l' r.Pid a rll' p 
of th\ ::; u<" }t:n" iC.,.l oJ·ami'1ud under a cov·.)l' slip ur:dcr hif'j1 
pc~;IG r . ' foto 'tl1 c~.mer<ll structul'o end the ~.m-:n'l:.ou~3 sizo 
cl_iff' r0nr. e bet•:e-::n ccrs r.nr'i spc r n . 

~- Fertilizatic·n : l' r cpr ro a ct:l ·cnru o 4' fertiJ. i z,)d or:re:s accordinc; 
to the 1.1ethod outl i:H:d i:-1 1-art C of thcl s~. ti· ,n on tech'liquo . 
J3,1 sure to reco:::'d exact t i~o of insc.r i'l.at i on . Du prcvarod 
to trnnsfer o.:;[.:s irm.1udi[-ttely t(; a slide f or obsorv;, tion . 
Rec ··rd time of fc..dinc; of plat r lcts , of tht.J f orr,ati on of the 
tho pcrj_vit0lline space . J~hat ar~.J your eonclu ... i onn 5.n r egarci 
to tr~E:: rapidity of activati 'm of the er;g? If practicable , 
place a nur.1b.; r of nt..wly - c xtrucled unfe rtilize d err;s in a de 
pros~i0n slide and partially c over the dopr ~ssion with a 
cover slip lce.vin~~: un8o vcrod n spa ce larGo unou gh to pormi t 
the introc'l.uction of n. f ine pipe tte . Rotntc eggs 1:mtil tho 
micropyJ. c: of one cor..(,s into virn: . Intrnduco a drop of sperm 
sus)!cnsion intc the: dcpr~:ssion without disturbinr, th~J cover 
sl ip ancl ·i:atch tho c ntrrmce of thn sp0rm an<'!. tho-spread of 
the fortl l iz a tion t unction fr orr the l ocus of tho micropyl e . 
S inca polu.r b od i e s havo n ot 1J c en s cLn in Fundulu~ it has n ot 
been dut o rm inL.d o. t v'lhat stagt; of maturution thu sperm ente rs 
the egG • 

4- Fr.1rmrt ion of thu Blastod isc: Notu the r rn.dua l o.ccumulr.tion 
of the protorJl Hsmic N~p . This is tl:o blr,s t\. cl is c or r.;u rm disc . 
C ompnre p olr.r nnr1 l a t .. : rr 1 views • · .hat ls tho r olf' t i'0710f-rh'O 
polu of tho ou: tc r ra;rity? Hov1 do,;s this compnro 'Nith tho 
cond i t ion in tho frog oge; ; v1ith h v chir.k t~p'[;? Do o.ny pr ·J
cussc.s t ake rlac~e ir. thl; unfertiliz ed ogg s i n jlur to those in 
the fortillzud agg? 

.5- ClGu.v ne;e : V.'atch fo r th<J n}JJ:.-l;aranc<J 0f n r.;r(':.i!o on tho sur-
face of the b l as todisc- the: indication of tho first cleavn~o 
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pla~8 . This usua ly occurs ~ithin 2- 3 h~trs ~ft r r~rtilizntion . 
::.'to t:1e rcc"":ctri c r6lnt~•-n , o. d tint' sequ~nc) ul t1K subsequent 
clor....-~r:cs . :Jo tho clcn·nr;c ·lo.nc-> s c.i id· th . c• tir~· cvu.."l'~ 'l"'he 
e;1·~i:::•c )l£'.st0·1: s~? Du._~in;.': intt·r.~Lll"'Sis the nuclei ~rv s;-:-:lCth 0 

v i.s j ,, ::t c . r- .:.s t :.r:.,-·""..l.isr be tv•c t. '1 r c n tl::.._l r>n0 r:mrpin:::\ 1 c ,, 11 s . 
-· i,(''' l , n,.,·rn:-o ~ " '' lf'ul T t-'i"~C 32 cell stf! '·Ji,' il'l'C' u -
.... ·~-- • '-·""""'" ' ~ ... .... ) · t..l.\. ·- - "' .L -- .. ' .. '·· ~ " 

lnr:. , lOS . ·;;}: .... n lo .ori-:ontal c lC'r1.'.1 C fC )lrn .s first t.c. 'lr; ').Of> 

:-·~,e -...l:::~toc.!.s:- inc:·,·r...se i 1. si~c or citv, in orr . .':' · >t· hr 
cl~·r .. ~r.f""•.s co11-i'1 1." for n ccns:tdcrs. lc r<'r~c•d '"itl It i· r::ueh e1· \:-1 t: 

ir: f·..: ~'l i'r c-r:. ~1.:-\t -:>f t'·;.,· c:·i·-inttl 'l. n t~' .is~ . 'l'Li<" .l.. -~·.1 
"!:11( ! () l,J •' ~f :0"1-:t: liip:~1 blo.stulv • · .. }"~C~1 -1<' \... S th\ C'-\"'..1 r·~. 
t'.J "·_:c• ']t t ·o~:-·stu1o:Oc~.u·. r=i..C' 'pp0n'1• ir· ... r 137 f•;r 
l Jt :.cr-.1 ~< r .. :s) . 

':i. ir-.u ':\ ;J.(, c:~ Dt..•.ru1up:--·cnt r"'.. · , . o.:.' cl"V01o :h.:.1t \·;or i< '';i+.h 
te~:}.·,· ra ·~ ·tr c• ;··nc1 2~~K' ::1.:~·r:1~:l <..1 '.T:!..r-":T: .·nt~ l r·'''1(:.i.t!.· ." . Th 
f~Pi:.ll'CXL.<1+-c devc1-:>~;;;r,. '.:,,·.1st~ ·c"' ·:::1i .. ,;my b. OJ: or.tt:"d under 
·v·:.~rL.as n,-.-~lti ns uf +-.::t:'' .r~.curc . ;Kl s~lini;,.:· 1·::-:·: be '"' •un in 
::'.t~. r~- l . r.tl·~.:; st::--.[.t! := f'~"'C ~l:Hl1)• 1 t.d C~.0CC.'I"'..li!l .. t• tlt ' '~111~ '1~t ] Of.,. .. '{ 

t.;CtL .. l)l..!..Slltd by 0:)1)0!11Ci '· .. r 13';·. 

IJ.1~1c l,~ri·u::..nst: (.\p}-CL'~'<' 1 .. : - 24 hon::"' ftcr f rt:i1iz. n ti •n) '1.0 
·J.n0l~v~.-C. }'roi~r;p1a~rt ::-.rcund ~l) :. "::..·,~ir of' t ~(' t ruu of •):;o t,)
mol'r:s i" c: :!._l.- d ·~: .. 10 nc. r'·ir..~-.1 }nri"Qlr.st; '::h. t bcm ·~\t.l t• 1 o 
'U:'.' stc-d:i.r- c ((· 1"'r vL'i'"~l . ..: ::.n s7; ct:Lons ) ti:l( cf'n;..r.:-.1 1erib n"t . 
I . .1 jl"r; 1<.:: t0 01Ps t0ci J.s c ( 1 3 - 20 h~,..lrs) c0s < rvE; -1Jo..rt i1~11 c.. ' y th-J 
bo:i.n vi•)!' '· f '·lw n:--.rrinnl ce 11s c.ne. cis t ln[!:uisll be tr10cm c irc"...tlr.r 
:1n( l'8.(~J.o. l _c1cnV8.f"",:;r. . Th0 l"rrc p~nkisl1 nuc·.lC'i cf tl1o pcribl:,st 
nr<.; ~ L' s ily v ::.s ::..blt~ . 1 ~..•t o h~.m V·t~ i.lP.c1 i of tht. .1i:.rt·in~· l row of 
c-: l1 s ':)oeor:o frcn 0f c011 uutlin,:c, co·1tinu·.) their c' i isj (mS 
a11c1 -:-:ligrr,to L'to t:··c~·• :1:r.rginc2. rcr::.bJcsc, co::nrcrtin . it into rl 

mH~ l c~: t oc: but nc1 - ec1JuJ.[,r sl:ruC'turc . Ji'<.r}_})Vi thi· pcribl.st 
structure i n 1~to r st~G~o . 

8 -- 'l'h•) Germ Eing C"trld tl}~ :::r:tcnsL.-r. .Jf t he Blast.~x1isc (18-4G hrmrs) 
Subsec;u..;nt t·) tro nuclc ntlon d' t:w por:Lblo..st note tht"· chr.ngJ 
in fc- r :.1 end size of th\.l bhtstor~or1:1 . T:·10 embryo is nov1 referred 
t.o c. s c. bt~stul~- • Sc .=n th\J n1r\ xl t; i1 of t~1c disc f'.l) _.Jl,r.ra l'('lrtivG -
l y thick0r . ':..hiD thielc~:!nin::; i~> t .:l~m,.d the p;orm-r ill_C ~md is 
du e b0th to o.n nctur 1 puripl1C::t ... c1 inercn3o in c~11'3 end to n 
thinn inr· c.,f 'ch~ c cntrn1 pc.rt ::f the disc . Tlds q;e rm rinc c n. n 
b llSt bo cbs o rvCJd in F . r.w.jr1is . Durin r:: t)y, next few hvurs tho 
go rn rinc g::'u\·:s ~OJ'lplotoly over tho surf2ce nf tho yol k mnss . 
The unc. o ·v c r c d p(~rt ion cf tllc yolk is t ho b1n.s t~"PO~u . 'I'ho 
finr. 1 covering of the :rclk or- tho clos int.; of tho blr stop oro 
occurs nftor tho :'irs t stn r:;os of the ft,rmr.J~iun of trJ.o cmbryunic 
axis. Under f &vor Pb l c cGnditi.no the ~uGinninG of ~strulnti0n 
mny bo obsu::."'vcd in the n.rp,wrr,nco c,f n. fl 1irh t inc ontf' · i -'n o.- t o 
ocle;c of tho r~orm rinr; t., t tho timo v:h~:n tho volk is l:'.bout ~~ 
cover·. d . 5t,· in:Lnc v:i th ncutrr 1 rt-d V'' ill n id. in ich .. nt:Lflc[~t i(Jn 
of tho r,cr::n ring r.nu poribJ.r.st . (Add l CJr 2 drop:-: of a-Lock 
soJ.1..1.ti·m t8 r. syrr.cusc dish c•f son water) . 

9 - ~'l1c Fornntion uf the Embryo (Bogins in 24- 36 hours) 
··hi1o the r.;crr:-. r inc b uxto~1dinz f1 rv,:md tho 'ro1k tho umbryrmi c 
axi s is bo:i.nc os t~1.b Jis}1cd . Its first indicrtit,n is n colluJnr 
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thickc.ninv kno"n as the em ryo1jc shield cnus-d by a ore activ0 
movcr.:dnt of cells in one .. art of tho gcr .. ring . This formntion 
is i:-1i tia tud Y:hEJn th, blas toderLl has coverc.c fror: 01 -q 1.ar er to 
one-third of tho surface of tle yol'l{ . By tlo tir.e th3t th
blastodern has covered ab'">ut one-half of t yolk th(' cmbryoni 
shiuld has beco~c a blunt_y tria.gular ar•a ext0ndinc fro~ tho 
nar i!: o or:c. oortio:: of tht.- blasto 101 ,. to n" r h ~.:enter of 
t!:.0 ' lcstoc'.cr!rl: "'n•J shic_d can best b idc .. tif:t~..-d i•1 rofil 

it.J'-i . l.s the blas todc rr:! s 1-r 'ads over the surf co of th ;rolk 
thv ~..-rbr7IO [ rm·Js rapidly i~· length. 

Observ(, t::--..'-' ··:1 olo ecg in rofile view, so tl n t thl. ·mbryo i·; 
seer: in saGittal o tical section, v!ll'-'. thu v elk is 1/-;, 1/~;, · 1.) , 
and 3/4 co':cr~..-d. ':.nat J-rO)C.•rtior: d.)CS tlh' lo.1 th of thu mbr yo 
car to the d im::~..- ....... r of tl.c blastodu 'In and to tlw l ~..,n h of t' ) 

gcrn ring iL each of t~cso succ . ~~ivo sta~cs? ~ 
Aft(;r the yo_~: is 7(8 covered , lo. 1· for u. lnrr" cluar vu~ i lt) 

ncar tl1o hind ~..-nd of tho cnbrvo . (Du r.ot onfur-c. t'l s wi tll a 
cluster of sr.:o.ll oil dr~pr> fr . quc.ntly iounc in :~. C' u1.L r .. )osition) . 
'l'l;is is K-u-offc 1 s vos icJ.o . 

l>J.r:.ng tl~is period tr.. u embryo be on s SOf> ,. t. d . Tr.is r-~ . r -· 
mentation is confined to the m,,sodcrn v:hich li1 s on er.cb idt' of 
the m:is of th,; vmbryo forminf mcsob~ic ~ih., ~. How mrmy 
somit.v s o.rc pros~.nt nt th<J time o f the closure of h ( bL111t0p( .... : ·~ 

Look for tho notochord . Study it in lon itudinal ond tran~-
vors , opticf.l sccticns. "".,'J).err.. c'1c.cs it t0rm natv nnt(: riorly an 1 
pest .riorly? 

10 - Later Dovulopmcnt Obtain s c ri ; s o.f t;mbryo' of 2 , 3,4,r:: , 6 days and 
T'1nk_, r. dutnilcd e;ompar[ltivu study. It is sue;p;ostod that drE'.VJin ~ 
be made at 24 hr. intervals and that ~ chart b~ mo.do showing 
tho first appuarancu c-r1d la tor de ve lop1.1 .... n t of the orr;nn sys t oms . 
The follovlinr; mt.-th0d of chn.rt construetio~ may b e usud: 

after f ortllizntion r----tY 6-
2 

D8.JS 

J 3 
SGmitc Nunbur 

J'l(.rvous .:>ystom 
Brain Divisions 

[i 
I 

Eye ·----- 1 ~~~-
Ot ocyst 
Dlfnc.tory Pit 

Circulatory System I 
! 

If you e.rc: unfR.milin r 'lith thu form of chr(molot:~ icnl charts e;ood 
cxo.mplo s mny bu found in the follm1 i:1e: texts : 

Lillie; , F . i\ . 1940 

Arey, L. B. 1940. 

Thu dcvolopPh .. nt of the chicl~ . lh.Pn 
Holt . ( 'ippos i tc pag0 68) 

Dov~ ·lcprrlontal o.nr..tomy , Philad_,lpb l.a 
Saun~urs . (opposite pngo 148) 

YorJr: 

o.nd London: 
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It is su gested that em r.ros be re1. oved from th ir chorioJ.s in 
the la er sta es, for better observetio: of struct·ral de ails . Al
thou~h this is difficult to J,;erform in early s ta ,es and req,lires 
s'Jec.:.al instrU'"'e:lts (See ex.erimental se tio., 'a~ ••• ) n later stases 
:;e loose c: or:on may he tor' off ''it. sharp'n d for~eps, or "ith the 
beadi~g ~eedles . Be careful to avoid injury to the yolk sa • 

':'La follo·:1in de elopr1 ntnl feat ;ros should be o S('r d nncl 
irror~orrtv" ~nta dravi~~s and ~~art; 

2o Sor .. ites . ~ 1 ote first an,0aro.ncc nnd dcterrr.:ne numtors fo :'lt'C::. 
o~ s~ccessivb days . 

b . :k.rvow s:rtem F'ind in early stnccs th · op ' ic vcs iclcq, 1 11!_ 
Yl ..... uront...ros, rid-, fore:,-, o.r:c ... ind - trn::..n ro ·101 s C'L tr ,('e tl o 
c'eve lop: Cnt intD CE'ruhrun, Oft ~C lo~ COl'fbl'll U', m••dulln, tc. 
Gtudy the dove lopt •. cnt of tl1o c_·..:, _ol fnctory .E!!_ end otocyst. 
1Iow is the lons of th eye f orm'-'d? 

c . C ircul_§l. tor s ys tom. J oto the ..£_~~cPbr ronic body en vi ty; form 
ation of t~u pcricardiu.'n; first blcoc1 ~~ (and ospt...cialiy 
their mode of forr::ation from v1anc."~ ~ rint ; mosunchym culls); t lw 
first action of tho ~1oart; form and position of thli h art . C 1'1· 

pare the course of ~irculo.tion on thv 4th nnd 6th days . Con. •1L·c 
cl1f'rt To. 2 for 011 outline of tho c:I)VClopr:ont of the circulatory 
system. 

d ~ r~es 'Jnch~\.-·ma l cells. Note '.vnnc1oring mt; sonchymal colls, es puc ially 
Gbund~nt beneath thu posterior part of tho embryo on tho 2nd, 
and 3rd days. Can you distinguish vari8US types'-: Dy succ ssivo 
observations at brief intervals, the change in form , migration , 
and divis ion of these culls may bo noted . 

c . Note first appuare.nco of .f._ins; of thu urinary vcs iclc or bladdor 
(a bi-lobGd outbrowth of tho hind-gut); th0 livor posterior to 
the left fin bud . 

ll., Aft';r Hatching. Tho yom1g fish may be studied just aftor hatch
ing by anaosth0tizing with chlor~t ono . Consult paper by 
Oppvnhcim '37 for further dotni1s of devvloprnont~l stngcs . 
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Tcclli~iquc of Handlin5 Pclar,ic E rs 

Type - Tautogolaur s ndaporsus, tho 
Am0rican c nncr or c" O£:S<..:t 

~; he~~ vcr · o s i lc.. , obs orvr t io~s should be MD. de on _ ~- lr.c. 1.. .. e [S::> 
~"' vicll r.s <'n th·' dou rs':l ergs of F mdulu • ;: r.y st-ruc ur ' S , 1ch t s 
.~;_:) .. ( r:n-rJ.-:-_g , or·bryo~ic s'l-).icld, ['.~d l"upffcr's vcsic1c ~•il . casiu:, 
-'-C soc in t :c f• :'mCr boca 0 tho, ·18.VO fc 'lCr 0 1 f"lObules t nd n. lc ~\ .. 
~r:-'ln:.ar p!~ct OJ::' csr-. . 'Ihc fc>rm~l t ion of polt'.r bodies nay n ls o bo S(.: ' 't. 

'; n th:.s t~r:r-c of ·gg . 1\ .. lnr;ic or;cs ~rc f:-'.r moru sons it vo, hO\'h r. 
·r '~'Lc·r 0xygen rc 1 1.L'-~'-'1ts, o require cr.rL.ful hC1.nc1linr;. 

fol~ ~ic ,• .. ,::-s r.u2~ be oht.!lL .'- d from tht sc l ' ( tC'10t .... m 1.s chr;ts · ps. 
J ~-n ~ ) an:l the M['ckor 1 ( co~b0r scombrus, ! ... in:1.), ~ut 1~:ust b·· str:l. ·!'~H1 
_ 1d i'ertiliz d as tho fish ar-o trkcn fr\.-sh fror.1 thG 1 v CE.r. Th. 
cur:'1"r· ill prove f0..r rY:rc us()ful, perti ulcrly for tlw tucy of ourly 
s ·:.£.gC "', fo::.' :t ... [l;l be brour,ht tc tlL Lr.b rP.t..cry nqunrin nnd "'tr:lf od 
r.s :1uc. d0d . 

Cunn,; rs s uuld be cnu. ht t-..v sano dn~.- ns nc(d'l : fr.mnlts n r~ · "c.i-
n:-.~··U~r obtnin•- d only a.f t ur 12 .. 1. '1':1(: ·1c l rs ,, ~,omo\vhnt b •:ir~htur ,- ',.l.n 
cu~.'H' r.nd r-Ln nlsc- be cistinguish~d by its tri,7 ht rod cloc,crl lJ jn{j 
cDichcliun. Itilt is stripp<..:C. i'1t c C'. lr..rg0 finrur b'Jwl which co:1trins 
s :. :'.iicic:nt sen v:nter tc, cv rur tho bottom. .e.g ..,s ,.r0 stripped nto n 
...,_ ;Ja!'f. to 'Jv\':1 ccntcininc c sn.nll om:)tmt of sc:[.~ \'11:\tL'r . It •ill provo 
~ 1• :~p.:~ul t-J usc c. cl::.th to\vcl fer hc.lding the fish Vihilc they arL b oing 
stn t--Pv d~ bccr..usc they e. ro c.:xtromoly sliny ~nd hnvo sharp spin"' i.n 
t:.~~ clors ul fin • 

. -is s oon us vcssiblc after strippinr, the sp~rm-suspcnsion should 
bG 1nurod into the egc; dish Clnd tho tilTU rcc0rd0d . Lot the mixture 
s tand for hr.lf u. minute; th(.:n dilute \'lith sen 1.·mter <::nd docnnt into 
smal ler finger bowls , . or pour into c. cylinder or Erl enmeyer flr.sk nnd 
~dd sufficient son water to fill . Gocd o~gs will float t, the top nnd 
r. cT lcct pr;l..ncip[._lly nt tho edge Gf the m;:miscus . They should bo 
~~~cttod off a nd placed in ccvcrud finger-bowls contnining {" of clonn 
b"n Ja. tor , end s ot in tho sc.:n nator table whorL they will keep cool . 

Only glcss - clcnr oges ere suitr.bl~.,; for study; if tho eggs show tho 
slightest opacity they nrc either immC'. turo or dead . If bits of tissue 
£'re clinging t c the egg , it is imnnturo r.nd should bo discarded . The 
p::.ci ve tc ll inc s po.ce app0urs imnodin to ly o.ftcr fort il iza t ion; t imo 
~:no11ld not be vir:.tod in observing ersgs v1hich do not dt.:volop such n 
spo.co wi t hin n· few minut<Js . For obs<..:rvinr; the formntion of polo.r bodies, 
tho blecstodisc , and C;r,rly cleo.vc.ge , it is r.dvrmto.goous to :t,ln.ce tho 
miscroscopc in n h')rizontr.l pcsiticm so thi'.t the blastodisc m::y bo 
cbsorvcd in profile . It is difficult tu sec tho polnr bodlos by nny 
otht.:r mcthcd . ;l;hcy o.ppenr 5 to 10 minutt;s after fertilz o.t ion as smnll 
c lenr bonds on tho surfacu cf tht.i blo.s t ocHs c . C lev0-gc is rapid , occur 
ing e.pproxirnately once every 20 minutes at a. tompar~ture of l 6 ·18oc. 
The cleaving eggs ~re crystcl - cle a r, thoro arc no obscuring oil drop
lots, and the nuclcJ i nppor.r ns pinkisl;. objects for n short time 
bet~ccn divisions . If ncutrnl rod is us<..:d for outliLing tho cleavage 
spindles, it should bo vxtromcly dih,_tC; . Tuo muc'(l stain v1ill stop 
cleavage or rnako the pattern irre gular . 

Cunner embryos mny be kc.:pt o.livo for sovornl dr.ys if c a ro is 
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take:: no to cro •;d them and the \'tater is chanP: 'd frequentl: . It is 
sugg€sted that not more than 3 to 6 ecgs be pla<'ed in ach finger
boY 1, that they be trar.s ferred to clean sea w~ter morni.1f" and 1 i[;ht, 
t>nd that the bov1ls be covered and {Cpt in the sea ;ater able . 
( 1;s :.le (dead) eggs should always be rerr.ov~d . The enbryos usually 
-~~ch ~it~in 4 or 5 days after fertilization . 
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_::,"::'':e-'::..n:-; S(.~_l'_;_ .i-'enales wit'~ i:8.'1:1.ll'8 et;;CS aru ll r:.i::.abl Cl.t ·v (";(l_S !'ole 
-- ::.'r'c.· . ._1~1.;13 '!rro l [~h SeJ:t·7':bJ)r 1 altl:uu--h t. e naj· r.~t. r~. s c-r.t - ~ 

[.e}:- •:.t:'r:.~ e:1~ • 

. ·'~·:::..!: (· !.~8. >:-:.."i':. l - Lr .. 2.iru .. ea.l ii , :·:a~.u.r !:Hll'1s , nd fe-r·n.le • 
::..---1·.;::- s-·li:._s u:: .Lulii~O eal:..i cont"L ing .::,11 the devr'hYI.n"l,nt[-1.. ~t,,r s 

f)e::-: ·.~:st:·l~ti ~.. :-:. E>1e::ir~ens- Dissected spe i1:, , .s o f nnn t male ~1.1<'. fe:,,<.lE 
·-·-·s l,~<.ic' ·.::~ :l.C.~l 8~ 1 r•.· t:lc a "ul t s tr"l(' turo~ . 

Indivic1'J.al Equipr~(; !t -

.Scluti-.·r::-: , E: tc ·. -

A. Ca re of Afults 

crs strin[;s . 
c l <,an f in1-' 1' 'l O\'tl 

~.. \ n. t r 1-~ :1. f'. ~: ~ 0 3 

1 J.nr { ·t 
s ev,'r .. 1. 

) o.s .... •.: ~s1 or fin._'t') ' l ,)wl 
.] "'Tl". C\'' s d ( j, g \j 't~ 

pair uf CCl(!rs, ~H~iss "lrS 
:...: p."J. ir f.:n'r ('l s 
ha ir L;op 
2 i'J it1..' b·~·<tc::nr n 'uc~ _, ,.. G~,nerl<d into 

tlnsr. handle"' 
plpettt's ::mtq ~l1.l.lbs, fino-c ·prvc1 ~:.nd 

\ · \.du -~ .unt}'l ed 
severr. l d~pr J ssju'·' sl ~_ocs 

cr<1i. nE', r"~r ; ·1 t (~res ·~ C•l .' :1. l~ slides and c c ve r: 1 ips 
cone vn t J: ... a i,(; d ( .,; 0~.;) r vl'r'1r.l <1 cb yd () 
1->\rli <~ .. \1 r:> Triacld ~tain 
dis t i J.J.e '~- ' '8 tc r 
vas olin(;; 

If &.,dul ts c.~rn trr,nsportc.(. wi.thout undu() distur11anct.: from 
fi:::'l. trH..t.3 i!l llve cnr::; wit!'l lorgc cm:cunt~; of v:~ttcr 2nd truns
ferro~\ t) lHI':· EJ aquarj.c_ with D. .'\00<1 s :'.:Pl-~- :1 of r unninc.; v·a t o r 
tho7 v.ill l::. v.:.~ f or o. fev-1 days in th<J l8boro.tor;r . 

Tho sax~s nra distin~tisha~lc . Tho t0stis ~f tho rnr lo s~cws 
·.r.rhi to throu~~h ·::h0 Jr.r,ntle at t:w p oste rior end . Tht; f t:m, los 
nr·-' US 'I..'.QJ.J.y Sr:'l:tllcr tl"'.:o.n t~ l.'-' ;:1;1. l C~1 , ar..d nrc shorter and 
b r •.):--,clcr· . 'J'he fcth2,lvs cftcn have a m:1c.ll l.;Oc:J:c t of white Elporm 
in the collar bGtVJ0EJn t'::lt; ho,l.d and th(; fr~..J t.: .:::r1.r;o of the mantle . 
r:'h~; ::i c c ~::, s c·ry nidamnntal r; l 2 nd~; of '.;ho f ...: Y'1<~h' <ll'l · red durinG 
tho ;rcc:d:I.ng sn P.E'nn and ·-:m1 'tl.SUP.1l y h, . svnn through thu H mtlo . 

Aclult f>quid arc ns d for o1:1tcin in[. g · m:.: t .:1 for f•tuc1ies cf 
nrtif5.c:i.ul f .~~ rt :J. lizntion, tlte form.:t :L on of polar bodLuE~ , nnd 
<'lu nvc.ge·. 1.d:0 male c.lso pri.JVic1.tJs S)<;rliJ::ttorhorA3 for sul)~O -
Cl hn t·y s tucl.y . 

I3 • Pr._ O·:~ u r i.F.=..;Z:. c PT.. ~ -~ r}_.QE.~~ 
Str:p;us sht..rn:'mg )1'(:1.!1 f~; I'l;l[ t 1.ne tU' (: ~:l.Oi."' l; rc ''rliJ .Y c.'bl;f:' inocl 

from m:..tu:::t\J ly ~.r.<l..d <.:he· 3tJ:i.~l :~s· . 'l'ht;SO strin.s. c<~ '1 b1... 
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eol~ect '· at luY' tine alonL' -~he s ~nc~y )efl.chA.. 01 l'k namv· sett 
Is:a.-:6 . The ch1~1 ... s of stri'1£S ar fo~'lri o.t-tP.ched t suo,err-od 
o jef'"CS i:1 -c:'1e L2llm·: ·· nter . Tht7y em be nq wria 
'.'Jitl ~ :.'tm~:.n:: st.a-·:ater . ·.e er;s strinc; c ntu 'ni1- ·,_e older 
st? r·e s r..re usurlly darJ..;-er "'ld r..ore ·;ent:i.lE'r 1 ill :1. 1 

i~ocurin ~~~etes 
C'-"'l'> -~lF ·"lLc .r- e, "'le ;,,. ...... •.;r.~" lo·1~"1.·.,, .. l. .. 1'l ~., t' ''1 (u··· -.. _ .,.. ~· .. .s L-.a. . .., .i 1,1 .(,;, U .t.l.r\.A~..O.. ,._&,.', "' • .-....... "" \,.,. ... ~ '- ~ ...,"'I t 

lal' ~_:e sci~8ors) throu;:'1 :-he n::ntlo fro·· t.. e s1:·d .1 t:) th tl.} 1 

'' \.lJ· +-in . .,,., .. 1'' t'"8 ·csJ·e ..... ~or {"l''''e 1 ) 'l.l" 0 •• r· ''t tr' ; ·'· ''"'l' ut~.-..-.-.._... c ~ --VJ.t: .., .~,... l 1 ll- ~ \..L ..... •J. "' ' '- • ·\. v , .._•,\..1 .... ........ . 

=.::-1 c:1. fe~.if~le - tear th0 .:..._;.in ws.:!l uf 0 o:.;:"~·,.\'it'l f~r.~~ps Hl( 
· ... hQ'rn a 1 l t ..... ·~n s '>"""n;- ~.\·.--s l.· ,~+-o.., 1"1.''1 . 1' ')0\'1 01 \.n :·.···· .• • • -.1.' .:.>~-.. ~ ·1..'-' -L J.-~-- s: <. -J..,_,_ v t.•r .. !" .~u '".t. ~,t · - c1. .... 

0[:rs r.rc : · ~:.l:r r.1~t1.'.J.'~ t.lOJ SC.t-'ll:'r>tu :~o~di:'y fro. th\ OVFll'Y 

9-.!lC c.. _jea:' HS :ec\~tifu}.ly trcns}U.'<..-1 .... 8~ ;::l[.ns . Ir.u.1:.1:n•0 
o c_:s rrc n ot trans1;ar ·· r~t r.:.nd ·:il :. :1 ·1t c: ·v.::lo • 
J.n t~e r:vle- :.. ck np ~}-.0 t-unl 1 l l: ~~ o~' ,'1 lT~t.n}~'· ~rcs ['., t t'lO 
orc:1i!1( ,~f tL~... t: l-'' l'l.': (!.1.:ct I trr.;1Sft l' t 't l : tv a ' '[\. tC 1 ' ~lnns . 
'11} 1 ;:; :;::_ crJ.wt oyhv:'O'"' ·.!i}. ::. expl.."1 u vlh•).1 l)lacu int 1 .., ~ ' •::1.h:;r; f' 

cc.nctmtr.?'Lt.H: sporr:1 sns1·onsi0n "':.1...1 t. 11s ::c ':.'..)t·.:!,, d . 
Jot-:; - If i-;c. !.cs IU'C n(··;-. a'.t.:•5. l.nbl.;, tLv sy rn h1 th ~p~;ru 

roc~~;:i,-CG."le O.f t~e fu olt:. J.G ·~ n:-~ b· . l..l.S Cd • 

. :~ , 1'r l_ l:Gr.~ ... i r ·)f r;:l .. tul~t. s 
--t-;1:,-fD~fn-ga:·I~Ctt S r lc t'::i.l' ''l..'.t ... rl :L!: s , ctirJ;J, >·l o~ tl . Plr:ro u s 1.'1,.. 

.fi :.;_~or 1Jm··l E'.nu ~v~d s •; v,'l' r. l c:rc:I.s o f sporm ~;ur.y~ ;l sion . Aftu l ' 
:~CJ - (;0 211inutcs trnn.sfor Jc a lnr n:· .. (1 i s' f 1J.le·1 Y 1th C' l0rm s,;a. 
,.,!=l_ tnr "n" d' -~ot rlJ' st1''"'' fo1., '· ]. ; ., - '') ''0111· ·· V·''ll' in sO<" ...... "'"-J <.A. 4. J • J. ' • .... t..- -· t- . ·/ ,..., \ - . • ..J • ... ~ ..... ' • l \ 

·.~'8..!t ... t~r te.l:)].J :..ncl \""'-~~E'l1f'"\:; '-·'tl~.:li' t.t J .. ~c..st t"·:iru L. t1c.~y · 

.:..•. ~~~:.(..va):.,__9f J::~ryS>s_.f):~: i':. s t~ings 
f cr.lo\rEJ an cr;s stri.r..,~ to a syr £>. cu[: t. c.~:L~;h . Ff\inr, t1~' hl,l.'!.dtng 

ncoclJt.:s in i".ll(: r;,unnor .;f 1C1t'l.n ~ s eutt .~nr: ['[;a .. r:..r.t 0flcb other, cut 
lt in 1.!R.lf . 1:'lr.c:; J.cft ht 11rt n.-·c('llc :') thnt tl~c p:..·cs:>Ul'0 forces 
8c-:crr.l o:nbrycT clc :&r of t~w ·;;"L'y ~1t the O Ut:n ~..md of one of 
t:Lo hr.l v,:s . JL:; c";J_;_nc tilis r:co~l...' ·:!.n p lr.co, lY .. ~nc tur~ t~HJ cl orion 
o.f one cf' t h0 O[!::;s y,:ltri the til. of th:: ri.~~ht hand noedJ..: • • 'l' nr 
thG ch,.;rion w;.th £l s·:-.tO. r!' jo:d:. l ':1c prcssurl:) c..:' tht: ncloso d 
fluid v; iJ.l l--OP tho embryo frtA~, thu ne11bruno . v:hc~1 thc: oxposcn 
row of embryos has b·J\m r (;r-;-...1v ul , cut off th-:~ Ui1pty jol l y nn('J. 
rop0a t the yrocoso . If t~Jo q.gf.~S Li."C 10t .flr"' t fol'C'.' d clonr 
of t r:0 JC:J.l:l t:-.cy Liru cll ffj_eul t tu rt..rnovc w5. t lVtlt in,j"~try . This 
mr.J thod can r-JL! 1..1s cc1 on n 11 .~ mbrycs 1 t !.J m;, .~h thu y ounge r ~ tr~e:os 
aro m •:;rt~ diS'fi c.u}. t to rE;movu. 

F . rio thod s uf . Stucty;~~--.r · .:.rt ~-:CJ.c inl).2:_~··ort. il ize d ... ~.f. r;s 
F:;r s}-·t"Jrt ol..sc· rvc,t~ ~wu 1. pc ricds ow7 ::-~:1y l;c stud:i -..c1 i n co -

pression sl ides <..r.ci ' .!t~.nipuJ. atl~d ·r~ith ~h ·~ h<.:tr-L'OIJ· T<.:- obtnin 
a p0J.c:r viev: f;t.' the. Gytopl..::tSl~·;ic C f' P wtdd.c <•lOnl.:l ·vi} J lll (lr r g o 

clcn vD.r-~:,, it is no ,:>JSSF.r:r to r~(:,unt. th~, uc;r'J"- :tn : ·n upri~~ht )!osition . 
PJ nc o ~- sr1rd.l o::-1•'J'1.nt of vn:> .-:-: l5.n -., .i. 1 n d('J,n~,::,;!Jj.on ::; ~ ; ·1 ·.· , f'ill 
";he V\ttl'r · ·:l. tJ·: ..,., . . t'-:r :-n(' ;n.::rl:,nt trw c:q~~; y: :'._1·h c hn.i.:::'-1~)0] s; 
V l< t t.J ·,_ "--' ~! s t r. nc~ '..lP.. 

G. Prepm"[' ticn of Int<.ct 0}:errrJat.:?.lJ:l';r~~g far ::;tu<.1y 
l)Trf1.n~;f'<. r 0o~1d unL-XlJlod"!d s 1;c r::lat o:tJh:n", n quicl'l·,- ' n to Ci)lll' . 

(L1o;.; ) fon11rldehycle; fix for 10 .1i:,~:t:.-.,s. . ('l1h .. 1:J ··;lJl oxplnc1o in 
n v·e[:b ..l r s:)lil"tion). 
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2) p~ s' . 't'• ~ l·~tl'' lo · ·· r.-4-o,. ... e, e 'R1 . , .... ,.te~ Th tr"' of' ~ rom 
.\ -.j • .. . ..J. .... ... • ... •''-· \.•- ,j. 1>.) ~ .&~: ' • ~__..:.-""---

f'o:':.: ... Lc:e ... :-. -2 t:.; c::.stilled ·:e.t r r:ust be t;.rn<'u31. 
?,) -=-:-.-i , .. ,·t- ·~rl' "h'"' ~- ... ;,.,.,;~ _f_o_r r:.. 1 0 ... -,.l.-t·c.c• ~1" str in is ........ .;:: t, a ~ ~, _ .. -1!. '-' ... ~ ~ .,.L.(l.. ..L.L... , - ...L .. ~ ....... , ..... .. ) • • • t... . 

:~~c.C'.<- by C.il~ltin.~ tLe stoc!~ sclut icn: f c r1ps to 8 C" 0f' 'is-
t1lltd .... at~r (8 cc. fil1s f'. ~yro.c..:s~ t1'.sh ~11 out' n11 lll) 

4) 3.inse st-&tn uff ··1t:1 disti11uc. ·::r+er r>.nd put t'' sJ,:er11P 01hores 
or. slide mder <'Ovor sl.:.· . 

• :E ::.·c· .r. ~'n t i0:'. of·: .ol·' :.ou! ts o.nl~ Sactio"l.s 
-. ----f;-c:"'2'..!.'C ')f fhc lrrG_e __ [lrJ~,)unt o~ vel', :.r eo1tni:t , 

!"i.1L!'7··')S ·..._r,ve G to·1denr,; ~o be frinhle n.· dir.C :.c" t. t~' S'ot't>! 
o~n;ecir-!..1·;- in ·.- ... d . 0 l'r str.0es. The <-11 ·l RC"e· •. te tt:Cl' .i<r:EI '.< bo 
US;' ( (see • l}'ole0 ts) :n• C>f'> c,_:_e;.·r-.:1 tf>C 1''li '\.1 .- .· Outl;:w<i 00 0~ •' 

1 y:-;x ~·~·-· ' .. '''~o"' 1·,1 T'cn-:•1 1 "' .... 0 1 ·+ J. t')'' ( • ·• t1' • • .&. ~ V • .. -.. Jo • , ... J .., I....., ..L.J. ~o.# t..l _ _. "- ., • 0 .,. .. e 1 

r:~_ -'-_ly :-:1. ·.iJ..c ::.t }H;'..ll. :.'il'~'L 1..!t:: H16~~~.' ~'Lizv: :i:1 a<'n 1 1r:\Gt l' 

G •):' t:::. in ·Lnc (.;' J (;:' l t ~ ... n.·, ,,{., i'o"o ~ i:1t · c'l'(.l._ 1 o~. i . t '1e 1 i :.. t i Yo) • 

:.... . •:: ... · nsfti!' t!l"' ~~!::'n'-~)S f:'Ol t:-~ .ix.,tj ·,·ov .~v·to d·u.- n . 
~: ~ .. 11[;\~ t·:..~ fr0s .. d ic;:.-.. al [;l" -1lit:._ ... l- l'l .!''"[1 S 
t::.1ti1 t!Jc y '"flV\: l t.lu1 in c: :.':-:.:-.n u:' ~-) L.:'l~'~ . 

,). '.:'l,r :"1Sft..l' to })Ul"' \J .ut~~!,ai'f· :.;1 f::..l-<j 1 , ,l~,,I·; o 1: :~rrr: tn r: J'l'u~i. 

:;.:-.l'ef.f:dl bnV·. f8r G fh' :' ,;_., ' '\.'. · , u.r:·-l ~;Lc•:1. ~ o a ~i;· l'.ur 01' 
p~ .. :'<1.; .. r·ln c~.Jll· ..... : :·1:'.~1(- ~ J v 10 l'"'£~\~-~1('1"'1"'- '':cr ' "' p ~~"ll l1 t1 10· r ~ 

... ;. • ~~ ll-12(~ 5.1: ! )9 l"'L 1~f'J.~-L -1Jt·.:f('~.,. _•:"''" ./['X~ 

G. uc ct:. vrl ~ .. t~ ~"} I~, ·: 1.'-l~: r ·~ :..~ ~·.,'! c~~.l .~!l "~,i--·1: :·""\J'r~(11l1~;-l: t ~ ... 
~1c_: ... ato·.-~r1L~ c· •:.·.:.t.J.'I. ':J: •. na·.,:- t s tr:.1~·l~:: s~eti'l . 

a"." ::..r:-'·-,Tt: ~· .[ ' .. ;f 1j()l"'~ .. 8l J)G"'·](#l ·.~j)~TitJllt 
..... -·---- ------ ~·----- - - .. -----
.! • • ~:~( .'!f\.-rt.i.' ::.::-::.•1 :.r:· . s·l:url-v nat\Jj't l)";!-;; t.:..h:a fr•Jll1 tl;.i) ovor-y of 

T];-r -.-- .,:0,--- r.~,--- ~-' -t,;,, 0 "'( .' ~ C" " ·~I'· 'O'U'"'t.::lr- .~ !·,,,. " i·r· .. tl"' .. '1. '~"'•'1 "'' t • 
--· ' ' . )\_.... ..... • . J .v ~ '-· ~ ... .1. _ r:. J4 .. , t--~ . .l. Jl #""'"" ....... ~ .. ~ , ,, ...... ~-

:1-.:.i"':...,Jn .. ;l. t.····; j 8 rl:..>s.- J y ~l1pJ.iec.1 10 lt, • ft.t t}YJ }'Ol"'lt·.,(.. ( ,l1(t, 

I .... ~ .y.,-d~ ,: '' )".L''. '· c~ ~ , • ..., ' ' ·•:'t' C· •. , 1' n" ·i· C· ,.. r, '1"] 0 xt ·. 11·1 ; ' r ., ,..., t ~ l''· .ly thr• r ur:l1 .,__~ 1. ~.. .. "" 1 ... ~ .L ... . (. - . I. • \... J ._, l. \.4 • "" .. .L. • u I .L ..... .._ • L 

it . 'I'h:ts 5.r; tl10 ::'icrr.~pyl·J . i'o~J' : t'1., ):JOlbr-iS£ ('1' l·l~- nnc1 
pc·i·l'cC'r. po:!_or.:) :1.:1il Vw :i.ln.tt)rG_,_icy of t~·1c •"er · .y :.n"1.n n- it 
. ' ;- . . .. ..,, ' ro . " "' •. ~ ·• r .(• •· 'r> • > .• '1' .• M i- '1.. ' f .. J, I' e I I t 'i .... r II L)) (J r. J'.11, l<!:.Jl ~ .,on.r,·x · .. :L~, .. ,: ... , ••• u I.:·J ,,,, J..u .r~·-· ..... .. u an,(.;} \,) 
(,]' : ... )'\.',t-.h 8ide :)f i.J·~...: .!Y:mbr~ro. .:otc lh t}·i·l e;.,~to, 'laSt : C' C::'•}2 

CO .o;•5 .. ::."'.c·· ~.l:C y-:;ll: at ft!!O D·'J'\l1t1.:d _l-,,lo . Stufv th(' e··t\,nt Of tho 
cytop}.~.r· .. ic c·C.~ ~--.~r Dollinp; the egp. . 'l'his ~yt~oplusm •li11 Ci""O 
rist- tc t:1~, cmo:"'ycaic ~true::~ur .... :s . 

I~{.!:o D. :1:.:--c·J:L~Y or fr_i:. c:.:<: <'>.:1d tht: c:1.orion. 
c::t···r'!' '• ''l•·,~ orr•·''ly lr,).• \..-'1 , ... , .. 1 .. s·'-r~r"f" '''he ('f"ll'S nro Qffi)'Cldnc1 in a -" ....... J., \-\ ......... Ll.. -·- -<. · o. V 1_., V ~· ..l. ; {)("-) ,.J 

t-.c'lr:.tj_ .. :·:-·.1.~ r::.d:.l"~:: v:hicr. ic 1)rod.l.4•:·t:d 'Jy gl[..n~:D of the 0vicluet , 
r.:d c .•·c rvd hy a jcl17r r.1<.;!,t'.Jr£d1t.: P!'0du cud by thu nitln.r,l;nt~.J rlnndr . 
1·r·' .. ,··,•"':! ,_,,,, .. ,.'1 s· ,i rr1 1 ·" ...,,')1..' nr1 n c· ···., tr"l ~01'""? ('o l ) ..... , v;·-rh .M. .·, _. ~:-~ .. . .., ~- u • 1- .... -· __ ... '-· ~ c • ... c.o. ''-' 1. ,_. .• u . _, r . .z: n,;, c 1 " 
t \· · "·r, ... ,.,.· .. ,, ... ,~ _,..:· t· 11·· sr:r··,.,m r··'""'S '···1o•·1 '2) '·•'""" '-·' •. ._ ....._1..., .• .... ;..LV -.J_ \..'!. _. J:"'-'~ . (.J,.U .._.,.., l \ • 

2 . ry -,o ;3p;:r·~·\Cd,c2£·1 oro . r_,:'bc OXC0llunt l•• 1. urs of .J.;r:...Y.' (l:Jll f'.nd 919) 
r::1d tL .. :-h, t:r.lur;-i.;r&t :tons s huuld Of.; co~~ult,:d fm·· ::.11 d c tr, :i..ls . 

Ob7:~.in Sl·v:Z.'r1;:tqp:1.ure8 (n6o socti0n. C of TvchniC}uo) r:.nc, \Irltch 
tl~oir ·· · ;~pJ.o::::J c,n ~:.nC thu e: jaculut1u:1 ~Jf spu ~,r~• . 

Pr<..::_)ar<.· so;1~_; intt• ct s:t•or:-rLP.tophor r·:~ fer "'t.nr1 y (~o c".-icn r of 
lj'u··ch·,.,·• c ,, ' ' r~·.,·C'"' 'TC' ~~-"l ·fo.., lr)''J i l1 'r sti..,ur.tur•o<· · -· .I .l..il- ... - .. 1 • • • ._;!..• .1. I 1.1, .. _,~ • .J..,-.. \ - - {- .._, "''. 

l . '~ hG upaquc sv~rF. P1a3 s in the G\;n t<.~J"' , surrou.nd .;<.~ by t o 
;--..,·,r t-11n1·' ~--.;_._-'-' L e 

2 . 'l':.-1.:.: :!. l ~,nl~- s:n.u.l;u(!. c.cmcnt bocly in fron>c of it . 
;') . ·.1h<.; sprittl filr.r~er.i: in fron",:. of th' ccrnont bo<1 :r . 
4 . Th. n1:;,tr.:r t<mic in ·;·.)18 •JUtv!i.1 1iSt 1a:rt .r c.C tile ~nt. ~.'!.'r 

('", ~-1\'C' 1 ~.1"':) . 



.) . 

4 . 

5 . 

7 .. 

C) . 

'l"'.e 2£.!2 nrH.1 c~o J:l!.r~~c' E.t t e s •. mll ::.' tiJ:: t.'nd . 
~J-.e ··:ic.'c'L' t~:t:.Lr- ': ·: ich 1:·;:~.y l.•. s:'.ii •-.t.l~ s ··ollen . 
A 1.;-,.J~----;.-~~-~-:~--~,, ..... .,nl t 1.,' "'l.'"' I"' ''tS~ 1~ ~c-'l ·~ ~---··· 1..._o 

- - .L ... ~~ "-' '- ~ ~· " ... - v .... \. " . ... v ~) .... ~ . . ~ .. ... , - '0 .. •' .. 

t."·llt- .J.. _ _ :e~ tu! ... i~r . 

~f .'-.o t:1_"Y'_ee- -rr:-;:->;:l.lr[\.'..es 11 ·:i "S.c·h -l '1e 
0,~ E:--:·lJ n.J:..~ry E"-f·~·<-:•at.;..: [:..""!d .:_l ~ i(h"' t 0 11 -~~l1l ··ir~,:lo 
:·er:l·-::', ne c a•1 be ro<-t v si}~ - iit1"1t"lfi <" . l'<Jlnt.iv y 

,-
;;hie~= :.-nd ..::xtE:1c\'' ) :-d~t .to t.l t.: ~"!-> • ~. s 
fr."t( t'..ed 'co the <;-......t 'l' n.~~ ic r · ;~~t:. "'~t.~ ~-•.d . •r/l. 1.r, fl'!:'i.(,l'!. 

... :'2. •:eyer ·n r02\:: :':..tr'~1Z"" tl e l~ro\,e o .. e:· ..... o.~. u~1.; :.n.~. 1· ''=' 
·~-:t.ir~.. c o•.J:c,_ts of t:lC C'Cl'Si..3e ,.,_ll ( ·nrL1ntc R· t:.ic 
P'- ir:t . (cf . ci a ·::..,~.·s of' .Jr:. ':· , l J.~1 ) . 
'i:·:·c outG::."' no .. ~· · :::-r•.c ·)t:. ·:.r.~ ~.., l ~o 2t th, .. C<' .. Cll .... to1: . I·;. 1 ... 

----.;---- --·-- --- ,_ 
~·o ~~J..CJ~eJ.v l}j,:p2.i( d to tl:o J.nn c r t.-..P."i.c· i·hn1: it. i" 
c:.:L~."L'lCl.~lt tc Cis-'-j•;.-,l~Sl' 'l,i,·· .. :1 'C.1 ;, . • ri'h \ :"1'~-._J '11 '{ 
tl~~ i..~cr h:'"lic r.n1 ·'1..r::c. r :·c -=-~~'.lt c~. ~)0 e a~,ily idt'1~i
fl;:.d ;-•s a t::1i··1·onud :'i~:-· ,y-, ~ i.11o r:.~t c1 lc 11,".':)l'P.!,f' ,. at. 
8.. s :1cr•t 0. G t.:- 11 co ~ !'0 ... "' t !"'_c ~al . 

:."'-1.·; '• \'R~i:.'lLid i:-::1cr t·.l:liC: ::·l(' ~"":l.'J'~'-' Wt.:J ,:~'Jl'O..'.U · •• 1 J~C..'l:l th, 
... t .. >t •. ~J-- !"£1 1"'0 ... ~21''\ 0 J..r a:ftc1'l "'~llt ' u:.:::pl · J.:-;1. · .... !. . ·.-.. ·_,c sp; 1l11~ l' t":"'~~ J."'~.')'" i 4~ 
-~-:;-;--s-:-;.:--· ""\t ·"'-' "'\ -l , ..... _, , - - ., ... ,-l",.l . 1'1· .. .,..., 1.... ""' ' .. ,~ - ,:.. ;, )...:l., • ..., r"' ) ... , J .. 
~-·· t""'\.. L L\ ~ )!..\..· t..,; .&.1 4, ... '1 '-··~· ..... t..; .. ll ·v. t •. t .. \._ll,;! .. t -l~.v l <.. l.. .i.,f " )1.! '.t l! t. ''.:. I r' J 

.. ;·:."tl \::1' 0~-~• (·.,,,,, ''n·'t''"' ;':1 '1 ·1..,'1 ... ~ . ....... 1,,. • .,,."..:~ · ·h n. 1''(..1 ''' J·, ''-'-~" - - . ··'· ... v v -\. ..... . .- '-• • ~ "- o.l ..t-·- - l. ' . ,J '" l.. ... , ( { .. (._. . . • '~) 

!·.1r.ss , "ii~.l •"J uZ ( o·llJ, .. sJov;l;•" tn 2 ~· 1...~~1r~; ~ h:!i v • .:..}.l~..ontilr ~ f .. r 
·'-'1 '-.:::''~ OJ:' c'.r.~r[l . All l.·;_;;~<.:r s '. rucb.U'(!f' c.~:'\ 1c·~~t bC'~li ,( nr'tE· r 
· .. ~- l0~~ ion . 

:;·cl·t ·;_ :~i::-;g7.iv~1 t'n•ll rt\J.rrtion.. L·~t•f:tc.:in~;.ly fcri:~li::~-d 'r G .?ro 
'1''Vl(o ~· ., ...• 1'-ll:' t; f'CJl' t· -h·"' .;. ~ ,,~<-... ~.f +-l" !"'l"l·~· t ;,)~., .... ...... (; 1' c~n \'"1. 01")11 '11t J.• V- J -.(.~\. ._., - - ""'· . ~J. v \ l.rv~, .._\.t \.. V.l'-' U ... ~-i• •. t_l- .. .) • lV V ~· ) 

th~.n Cl.?:'' t. th\)3 6 lr id ·:·r i Lv fel~•:..,L:· btJ •~nuSL; t:'.\.l;;' 1r.el~ t.}l0 .i•'} ly 
0!1'.'t. lUD-.JS . I\:, r t ·. J. i.zrti<.:n c-,~c1 cl·ln VI' o cr~1 110 r~...:.:..cl.i1y o l~urv-.:.d 
i.1 thi;: wr.;.y . r: o,:nv c~r , U;c se o;:E:; 9!''· very sr.nsi'l·i H: .m(1 nus L be 
h;l,t :tn 8. lu~"hC vulu.:-r,e \)f w at'- r . Ins(:··~inc~t.C" G rntch ~~J ~ns of 
C;n:;~s CP1d "i:.r[;.nsi'or tA fu··.' cgi-}3 i:·1,:tcd:i.<:>. t 11ly into c d• . ."P'(.Ssic-n <·l:t (l·~ 
( s.:;c ccctiv·".~ C , !J , n.nG F c ~~ S.\.;e:)j·_iquo) . Obser·vc' tl-. r fu rt iljza ... 
t. ion u:J.clt. r hie;h powor . N oto ti::c pone 1:.!'n.t i i)J.l~[ . .!__E_l~~ ln·m~~·.h 
tllt- mi ·~;.· opylo . J\.ft c r c. shoi·t thrc , th0 cytoplas:.1ic cl.'..p vlill 
wlth,·1rcYT from tho chcr:i.on , a:-~.c1 o. ch,<..'1.r pori ite lli.~1.:.' spa c u vJ.i.1_1 
appu~r , \:ihich indic.ntc s thc1.t fort:i.lizntion is trkinc: phcc . 

1J1h•J firs~-. _£oL~J.::' body n pr1o ar·s '"-~: out 20 minnte s n f t\;r f :) r t j_} i 
+£",ti on. Obscrv ._; -~nd tlmc t h:) appoar rm co of l~hu G..JC':md ol "..r 
~. <·nd t_c further divisions of "Ghc pola r lJodJlls . S,H· Ro<:'..fllcy, 

C.j_ca ;; . ., r~r; . J-:r~tmt f - J.2 cgrs in c.n upr i ght po'>iti on in: . d oprc-,ss ion 
~llir 1 • . C":JGd s<.,etion F of TL c:~niqnc ) . Uso Ol!,i.',Z "lhic:l h::-,-,r,. both 
poh :. r ·. ocE us .forr·: 1rl ,. a:v1 obso r vo t hcr1 r. t s :wrt i ntcrv n ls . 

Obsurvc. the f j_r.:.,"., .-::.~1 . · :~P['.C'.C s r,nc1 nvtc their rolct:i on t0 tho 
2.xes of syrm..,ctr;t" .._;_;: L.J·tt", 0fS • T'Lo f1rst clL>t..vr·P:e p1etrl~·; r~ cir. ri.(:c s 
,:,ith tll~' IP·Jdic,n pJ).ne o ... ~ t~10. fL:.turt •.;n·.'-> -r> ~rn. (CuHJU~' ·, t.ho f:I.rs . 

\' --- -- \ - .,) 

O .r> '~"i"'"L l )8()1 r, ;11.' Cl" ., ... , ir 'l"1''·"1"ll'" t ·1 "n(1 l1 t ''>)··r,.1 J.. (., ~~ .. ~-) ,. , . • · ._ • ,1, - V • \.t,.\_•; )\: 1 -~ \.J •. ....._, ,,( ... I , ' -~.:) .. !....±-..;..!..:-.: 
in controst ~ .• ) o thu r 1·.· 1.1-,s,~:·.:-1 <);-:··r! . 

::.,i;-:~c r:,·:~, " l ' , .. f' l;··~." ... lcu:~:..:.:rtt. . !.!.}18 ~\ I ::_C" .;,·::1n :l:_.~,{i.,):', 1 \Tf'.J.':i..;i ~-:icn (ji,ltJ 

t rj t -.. ;·,··;:_.:;:-':--.:, . .lj"'t: ~1 :L1·r~~l,· .. ·r:... .. ~1 , .··.:;, ... ·i_.: .. tl· f ,_jl ~,,). ·J.':,. L~~J} .. (· ... ~.v.:fi nn: .. y 
ll r:-\~~ ~~' .. ~ J.~·! }'(;J: il:(~.tit>lJ t)f.' t. 1ll. tj_Jt_.~~ r.t '..'}1:• ::.J~t -~~\.--l"l':~, .. :t:l 8 t[ ~;(-'·~~ :"'i.}'l> 

rc E\ , .. }1(1 cl . 
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~~e after Fertiliz~tion 
20 min. 

l hour 
3 hours 

Stage 
1st rolar body 
2nd polar body 
1st cleavage 

12 hours 
24 hours 

Bl~ todcr~ o~er o~ of efg 
11Gc.strula•', thic.wn<.-d p ri}hvrc.l 

2 da s 
v 

3 dr.vs 
3 1/2 de.ys 

ri f 
Blasto:lerm 
Blns t.odenn 
A_pearanc 
str.lks 

alf ~a~ over tht o r 
nearly covering the ·fg 
of sh '11 gln.nd rmd c ~~e 

5 1/2 d£'.yf, S i h01 Rl folds nnd n,r s nppcnr, · :rv~' 

,.. 
0 1/2 

11-12 

d?.y. 

days 

prc.;.ject 
Siphonnl folds f\ts ud i 'Ito 
eye sta.ks proninont 
lL tchinc; 

tub,, 

::• . Spreading of the Blastoderm. Study errs n.bout 2~1 hours nfhr 
ns(.lminut1.on. titer b:;.as occrr1E'~l stace" PWY 11 o t:dnod fron 

egg strings •. Note the grnc'l.ual oxte11s::on of tht rJ.n tockrl fb(·uo; 
the yolk. The. "blr.s toconos " which o.ro supposed to c>;l"U rir: u ; : 
the J'Olk epitholhrn arE.J not VOl"'J dj_stjnct in Loltc;o . Kotc tl, 
thickcminc of the nc.rt_;:i.n of th0 blnstodeiT.'l - f.ho formnt ton ~Jl. 
the _ant~~~-..JS?§_eyn (gr~strul:->.t:i.on) • 

. ? '-:cP-:1 Pormation . It ls convenient to ?all t.hc pole ·w1-1 ro tho . 
~_.!_l_t)l l gland and mo.ntlc appoar 11 cl.orsnl 1 and tho ~-ok pvl..l 11 v ontr:1..l 1 

TJ.he siphon side 11postbrior 11 a~1d the r-:outh sido 1 nnt~~rior , 
elthou[h those dt-signn tions n.ro not corr ect from n ~~orapnro.tivo 
l:'..nr~ tomical point of vi ew . Study a so CJ.U<.mco of n t lens t 6 · tRgo s 
::.s ropr~:;s ented on churt .•••. Study embryos fror;: Rll s ido"' . Hr.ko 
drawings of different stages ~ Note : 

A) Early Stagus (C: :a rt fie;s. 1 8.nd 2) . cf. nlso toxt books of 
.MacBride and Kor~ cho lt. 
l)Shnll Gland at dorsal poJo 
2 ) Mantle Primordiu_m, an eetodermc.l c onccntric fold bonEHt th 

the s De 11 £lD.nd . r fi~ . 2 ) 
On the anterior side : 
3 ) r outh 
4) Eye primordia - e;ctodo~..al invnginHtions. 
~1 the ostcrior side 
5 n ts rior 2.nd ·E"oS'ter lor s iphonr<l fold:.; . Tho fc·rmor aro 

th(; prinCJrdia C•f tho sil)hon; the latter will form its 
retractur muscles •. 

6) Statocysts. -
7) Gill prir.10rdia 

At the boundn~ of b lastoderm and olk 
8 Pr imorc1 iurr of the f'nus 
'J ) Not '; the rhythmical contra ctL)ns of the yolk <'Pi thelium. 

Th·J:r s orvo t hd purpose of c ircula t inr; th~.• 1 iqucfiod yolk 
mntr·rL. l in the yok-s r.c. vessol8 ... 'The ''1E' tcrinl is 
carricG. into thu nmbryonic tisEuos in this wA.y . (Suo 
Portr.o.nnn ,. 102 6) • 

B) l.lcc1h:t~ 1 S'cr.;-;cs (Chert fj rrs . :.3 Emd 4l •. ~Jote t:ho gradunl 
constr~~tio~ of tho yolk sac . Tho l etter co tinues ~~to 
tho or.1bryo vJhich 1s Lhus fomcd a.round r~ core of yolk-mns.s , 



1) Obscr7o r.J\·:th of Mcn.tl o <:'nd fi. s. ('The ->hell g lnnd is 
r:1t!r..r..~···1ile inv2 gi :1r. ted t.nd not ri" i lt.. • ) 

2) T'hc ~r, tr._.< c-. ~ ro pro-:-· in '1 t. 
h~ kOstcrior side 

:::} r;:he forr:r.tio:t of the Bi Lor.'... con r.::sccnco of th 
o.ntcr il1:~ s ip!'"'.on.:1l folds . Tl10 ~os tc rior s i.fl'1 _e_ fold 
~onti'r1Ul' r,s r1d:.-~ s to fl1t. r~r.tcrior sic. 

~ ) ""'he, anus, bot·.~:.-~:.-n the ~1 l.J'i>·~or i • 
:~ :..:·te the further grmnth of ot _cr ri·nordi.~; o tr2ctio 1<:) of' 
t.H ynlk s :..· c , otc • 

r, . Ole'; Stas~.! S. (~.3c for\· "lc... tchin[ .. Chr-:·t fir;s. 5 .·nd ) ) 
1) :~ye-st[l.s Lrc vcr~: :r·<·-~lL.<Jnt. lh\.y .~o tn'l tho 

of t __ c optic enc~ cc r.::brrl rr~:nr:;J ic.., tho so-..:~ 11od 
bodies_ 11 , fl.lso o. s c·1 f .. r.,t( 1.1:-\. s of y-.ilk . 

2) Tl:t- 1 ... ~1" . · .. h(_. i~1nor scct.o:r· · :hic'1 is .forr"'.l.. d ) t·lo out{ ~ 
po.rt of tho optic v0siclr (n.Jt lL;:'-' \ •'l'tobr~.t.~ s ( ·"' 
cloc.:.rly vis fl.)lo ns c club - s 1~ peel rod uxtL n i n - in' o t.h 
, y~:.- vc s iclo • 

3} J:'ho mantle hr.s OV(; rp~:)\"n tho e-n :ts c..nd r;ills. It .;,n c ••:' 
trnctil ..:.. . I:1 the elder str,gC's it i"' bt'l ct \"it.l 

4) l.."'hromutor:y"~lorcs . ·~,tc differ~ nt t:-pv~ :1nd culol' : cts ,· ~··~ 
the ir contrr .. cticm [nd c.....cp,.~1sion . Tlloy r:.I't' oqui pcd wltl~ 
:trrllS clc <:md nri.J inncrvr. to d . 

E) The statocyst~ lie close t0uthor . 
6 ) .i:hc fL.ntr.c r - likv p;illr c.cn hl C'bc•\ rv t3d throu.·h th n;t.~!.t]u 
7) Tho br~nchir.l he;r,rte will >u fo;.md c. t the husl ,~ of th(l 

cills end tho svstcrnic __ huc,rt bctVIl..'011 them . A11 i:hrou 
pulso.to . 

8) The r o ctum ~~nd tho .l::lk_:-_l:,f;.f, 
9) r~•rr.cc tho tJutl int' Df thi.' intcrn::tl yolk mr.s s nncl not u tho 

grn1uo.l dc(:ronse in. siz<' of th~: cxtornr l yolk sac .• 
10) Obse:rvo thu loconotio!1 of i'J1 olc-1 i..l!Pbryo o.ft.dr it- hcs 

hatchc;d . 
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Ober die bipolar,., :::)if~cren icru 1g des Ct' phalopoden 
und ~rosotra~chior - E s. Ro x Archiv . val . 131 
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'I'.1 AnatoTilY of the Co:lr.lor. Sqn ..... d. (Ex~..,. o lJcnt 
Figure s of t1;. structul'L;S f thu r c4 ult sq· id). 



FERTILIZATIO.~ 

use only the pipettes at the stock ishes to obtAin gametes. CaEiessness will rP-·· 
sult in contaminating the stock of unfertilized eggs with spermatozoa. The stoc~ 
dish of eggs will be kept at the front of the room, the stock dish of spermatozoa, 
at the rear. Care must be taken to avoid in~eMinRting heavily. Too rnnny spermn~o
zoa often cause polyspermy which results in abno~1Rl cleov~ e and dev lopment. 
polyspermic eggs of some forms develop more rnpidly th~n normally fertilized eg~s o 
The polyspermic eggs of Nereis, however, usUAlly feil to cleave. 

use the ordinary low power of the CQ~pound microscope (npproxim~t ely 100 diarnet~-s 
magnifio~tion, i. e., lOX eye~pieces ~nd lOX objective) fer observ ion Rnd study. 
This permits m~inteining the eggs in a considerable volume of w ter in n Syracu~e 
watch glass so that concentr~tion of sep wqter by evnporBtion is not r , pi • Must 
phenomena can be readily seen with this magnification, which affords excellent 
definition. Higher powers moy be us:Jd if one desirt.:s to observesperm tczoR in d~:.:

tail under a coverslip. After sperm penetr~tion in Nereis hn boon followed ly 
observing the eggs in the watch glcss for at le{1st 95 minu""es, it will be ins•r.1ctive 
to inseminAte A second bnth, A.nd peri1)dioAlly mount sent.: of these under a cov rg:Oa"> 
to observe under higher power. Remember th11t they r£'m'lin normal but ,. short time 
under these conditions. 

NEREIS: 

Obtain a few unfertilized eggs in se water in a Syrncuse dish. They nr npprvx:' ·· 
mately 140 microns ·in diameter as seen from qbcve and 100 microns high in side v:ew~ 
Bec~use or their shape, trey tend to orient on a flnt surfnce with tho aniffinl pcle 
either above or below, rar~ly to the side . Observe the lnrgo i1~~aturo nucleus 
(germinal vesicle or nucleus of the pr~nnry oocyte), and the oil droplets and yclk 
spheres in the cytoplasm surrounding the nucleus. Note also the thick cortex of 
the egg, 

After becoming femilinr with the unfertilized egg, inseminate by adding n drop of 
freshly prepared sperm suspension. Stir the eggs at once by a circular mvvement of 
the dish and observe chnnges. These first chtmges will begin a few seconds 11ftor 
insemination. At 21°C., the following schedule applies to 50% of a population of 
eggs (time after fertilization). 1st pol~r body, 45 minutos; 2nd polar body, 60 
minutes; 1st cleavnge 95 minutes (ref. #22). Tho lnborntory willprobably be warmer 
than 21°C., so thAt development will proceed mere rnpidly. There are many chAnges 
in tho egg .to observe befvre the first polRr body forms. Observe ond record tho 
fc~l ..)·..ring: lA.bora.tory temperAture, time of breakdc,wn cf the gorminnl vesicle, time 
n." final penetratic,n ~ f sperm head through membrf'.ne, time of first polar Lody 
fvrmation, timP of second polar body formAtivn, time of cleavage. The time schodulo 
in the de~criptive text below should hold Approxim"l.tely if the r\ir temperoturG of 
the laborAtory is ~bout 24°C. 

If possible, ~rrange to observe two vr more eggs which are touching imr.1ediately 
after fertilizativn. 2 • 3 minutes after fertilizntivn they will begin to be 
pushed aport by transparent jelly secreted by the eggs external to the vitelline 
membr~ne. By 20 minutes, the zone of jelly around ench egg will be ~s wide s tho 
egg diameter. The mnr~in of the jelly can ~ften be made out by observing super
ntt~e~nry spermatozoa nnd other particles at the edge of the jelly. 5 or6 minutes 
after fertilization the vitellinA (fnrtilizntivn) membrane will be noticeable due 
to the formation vf the narrow perivitelline space upon jelly extrusion. At 7 or 8 
minutes, tho entrnnce cone begins visibly to form, Find an egg showing ~ profile 
view of the entr~nce cone and the sperm which is to enter. F~rm 8 to 12 minutes or 
longer, the sperm is clearly visible outside tho vitelline or longer, the sperm is 
clearly visible outside the vitelline (fertilizotion)membrnne At the tip of tho 
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consricuvus entr~nce cone. In thd c · urso · f he next 8 to 10 minutes, the 
vi ellin<J rn.embr,na is indented slightly at its p int of contnct \.lith th outrnnce 
cc::.e. This tends to obscure the sperm from vie\J to sooe extent, and 1\t obcut 20 
dnut's ~ft.:?r f-=~rtilizg_ticn thC' egg \Jrinkla:::, bec~...Ming dist rted "nd uite irro1;ul1. 
in sone\Jhat rnLoboid fashic,n. The entr .nee cone has P.lrandv flatt~nod c.:msider·• rly ~ 
but is still present, ~ nd althLugh the sperm is ~1.rti~lly obscured f m vic\.1, th. 
entr~nce of its he~d intc the egg is not co~oleted until some timo lnter ( rof .~l~ 1 
15, 16). The fin"ll penetr1.tivn of th<> sperm ho~d throUI;h the ra.3rnbr~n , loJn.vin 
tht: !:Iiddle piece and tnil outside, rl-"'.,Y nlso oo observed. At r. bout 30 minuto , the 
egg rounds up ag~ in, but ~s the tine ap~ronchos for 1st polar body fornation, the 
egg elong~tes in a direction perpendicular tv tha pol~r axis . If no ages li,, s' 
thRt the forMing polor body is on the horizon, tho dish should be -hnken. Tha _st 
polar body mny form at n1~ut 36~40 minutes , nnd it li s in thA soncA bat\Joen th 
egg 1.nd the vi tellim'! m<"l"lbr,ne . 1his S'lllce is \Jider in the rct'ion of tho nnin~l 
p_le than else\Jhere. Tho second nol1.r dy 0ften f rms At ·ut t;O minutes 'lnd 
comnc.nly does so i.mmQdiqtely under the first polnr bc,dy, \Jhich is thu::J liftqd intc 
perivitelline space • . At nerhnps 80 minutes the eg s \Jill cor,in to dividP- into t\JO 
unequnl bla8toneres. Observe 2nd and Jrd cle:wn.g~1s alsc, if ti.rne p rmits . Tl ; r1 
divisi~· n, fr ',I!l 4 to 8 cells, prcduc.3s 4 micr meres by spirr1l clenvnbe (r~..:f . #24 . 

Place some very r ecently f ertilize0 eggs of rer eis in n dro~ of fresh, thick 
£bjne~~ ink suspension (mad up by rubbing a piece of ink on Syracuse dish 
moistened \.lith sea \J~ter) in the center of a Syr~cuse dish . As the jelly is 
secret ed , the nttached sperm cr-uses a con~l t~ form ~n the secreted jolly into which 
particles of ink \Jill penetrDte . This is due to inhibiticn of jelly outfl \.1 ~t 
the point of SDenn attachment. The ink thus n.<trks the entrnne point of the snP1-:r ,, 
After the c~nal has filled with ink, add sea \JBter ond , if time permits , obsorv 
and record for a number of eg!s the relati on ~r the first clAavnge plane tc the 
polar borlies end the entrnnce point cf the sperm as marked by the ink (ref. #12~ 16) 
19). (Caution, do net leave the ;'ieee of chinese ink in a di sh of sna \.later; it 
will disintegrate). 

NEREIS: Exaggerated Sntrance Cones: 

Plnce s c·rae Nereis e~gs insorninated 5 t o 8 minutes eRrlier in n Syracuse \.latch glnss 
cont!Jinin!? alkaline NRCl (pH 10.3-10;5. Observe inunedi ately. The vitAlline membrnne 
will elevate ·due to n. sudden i1iliibition of jelly r el ease through the mombrnne ann a 
subsequent nccUI"lulation ·C1f the j ally in the peri vi tolline space (ref. #9 ) o 

Tho vitelline membrane re~sins permeable to \.la t er \Jhich enters the perititollin-3 
sp-.ca as the j elly S\Jells. The elev1tion of the mernbrone stretches out the sperm 
en .,p,~1ce cone het\Jecn membrnne nd ei4g surf nee , fcrmin~ n lon~ filFment wl-}ioh 
f :'dCUently Cfl.USes mnrked indentation of the membr·•neQ If the eggs haw~ boen kent in 
r r. i.ce box they may becor.1e polyspermic upon insc!"'lination nnd sho\J numerous 
cJv;ggeroter1 entrance ccnos upon trentment \.11th nlkoline NoCl~ Al out ten minutes 
after tren. ttnent the sr1enn head may be seen moving acrcss the neri vitelline snnce to 
fuse \.lith the egg surfnce, at \Jhich time the mem'brAnG innentation is r la.xed, If 
these eggs are carefully remc,ve0 from the FJ~kalin(3 NaCl to se£l \.IE' t er, nnd Wtshen , 
some \Jill develop norrn~lly within the r aised memhrnnes. If l eft in alkP.line NaCl 
the optimum lencth of time Lefore \Jnshing , An·i if the 11lknline NaCl hns been 
chnn~ed once or t\Jice t o removo must Gf tho son w~ter, the eges mfl.y be completely 
fr,:er:l of their mcml-.r'l.nes. These "nakect" eggs hFtve bean used for experiments un 
t':P icvelop:nent cf isc.1l11ted tlaston9r es (ref. #8). 

Ner eis : Centrifuged eggs: 

If ·l:.ime ~ermi ts, centrifueo some unfertilized Nereis ecrs in the Emersc;n olectr"Lc.· 
ceiY',ri fuge (cover off) for 60 minutes. A lnyer of 0.95 molar sucruse ( undistillod 
w~~( t) at the bcttom of the centrifuge tubes prevents injury to the e~~s . This is 
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~~ethat h~rtcnic, but provides an adequ~te su~pcrt for the Norois eggs without 
injuring them in any way. This om unt of centrifuging se rates the various forme 
co~~nents cf the egg into several strata (ref • . #?} • . Inseminate th cantrifu ed 
e .gs sfter washing off the sucrose with sea wa tar, o.n ·'bsorve nsymmetricnl j ally
extrusion. , Is more jelly extruded nt the centripetal r centrifu~ql polo? 

If eJgS stratified in on ultrncentrifuge are nvailo le, comnore these with tho 
Nervis eggs centrifu ed in the Emerson electric centrifuge nt l·ut 10,000 X 
gr~vi ty (ref., #10). 

Bre~~in~ habits of Nereis li~t~ta --- -
Nereis swam in Eel P.ond about an h"'ur after dark at certnin rhnses of the lun...'lr 
cycle . (See Lillie Rnd Just, 1913) •. On each of tvo appr pri~te evoninas, a out nn 
hour after sunset, half of the class willgather on the flc tin~ stage tehinn th 
Supply Department tc observe this interesting phenomenon. 

CHAETOPTERUS: 

The cheetopterus egg is ro~her dnrk and granular~ It is slightly more than 100 
microns in diameter,. hut before fertiliznti0n th8 eggs nre often not quitd sphericnl. 
The polar bodies are large!'" thM in Nereis, nnd the e r: divides to f orm two unequnl 
cells by menns of a volar lol~ at the ve~etal pole (ref. #14, 18) • . 

When the e~g is tRken from the feiDRle it contains a large immature nucleus 
(ger:ninal vesicle),. as does the Nereis egg, but unlike the egg of Nereis, it 
s~ontaneously undergces partiql maturation when placed in sea water, even if not 
fertilized. a number of species of eggs partly mature when they enter sea water 
and Pasteels (ref. #21) has shown that this is dependent upon the presence of 
C~cium in the sea water. Chaotopterus eggs develop quito rapidly. If eggs ~re 
fertilized just after the partiRl maturation in sea water has been completed, they 
develop as ranidly as eggs inseminated 12-15 minutes earlier when first placed in 
se8 water (ref~ #23) •. (time counted f~om fertilization): 1st polar body 14.5 
minutes; 2nd polar body, 27 minutes; "pear'' shaped stage, 46 minutes; pclnr 1 be 
bulge, 52 minutes; cleavage with rol~r lobg attached, 58 minutes; completed cleavage 
with polar lor.JO resorbed into one blastomere, 62 minutes; 4 cell stage, 82 minutes 
If the laborntory ~ir tempern.ture is about 24°C the development wil! be more rn pid, 
end about at the rate indicated in the descriptive text below,_ 

Whe~ eggs are tnken from the female, the large immature nucleus is in the center 
of the e;~g. After about 15 minutes in sen water, maturaticn will have prccneded to 
the metRphase of the first polar spindle ttt which stage development is arrested 
unless the egg is insemin{ted or artificially activated. The spindle cru1not be dis
tin~ishen ns such in the living egg, but it will be observed that the relatively 
clear region of the nucleus and spin~le is now locate~ quite eccentricnlly. It 
reaches the surface of the egg in the ryol~r region, where the nolnr bodies will he 
given uff. 

If eggs are now lightly inseminated and stirred, a few sperm moy be seen adhering 
to the eggs almost immec}iately •. Within 5 or 6 minutes, the vitelline moml'rnne may 
be seen to senarate from the egg surf~oe, after which time it is called the fertil5z
ation membrane. It is not conspicuous nnd 0oes not elevate much abuve the ecr~ Pur
fnce. By 10 or 12 minutes, the ogp.s, 1...rhir.h hod become almost spherical after 
fertilization, are seen to elongate in o.n axis perpendicular to the pclnr 'lxis. 
This is pre~aratory tc formation of the 1st pclnr body a~ about 12 minutes. In 
this f.i vision the egg thus assumes anproximntely the shane uf a blastomere, ol tr '•nr:h 
thE- >clar body is a vestigial cell. After the fir.st polar body fonns, the e~g 
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again rounds up (16-19 minutes), but it elongates again in the same manner to form 
~~e second polar body at perhaps 23 minutes. The second polar body often forms 
~der the first, which is thus pushed away from the surface of the egg. The egg 
~~ain rounds up (26-30 minutes); the egg pronucleus may now sometimes be seen 
-:::.grating toward the center of the egg, and occasionally the sperm pronucleus may 
~s0 be detected. By 35 minutes, the clear zone has extended from the pol1r 
r cricn toward th . equator of the egg, and at 37-40 minutes a tynrical "pear shaped" 
~r.;e is ra8ched. The polar bodies lie at a position corresponding to whoro th 
s i ' atteches to a pear, and the bulge which forms the polRr lobe begins quite 
sH-'·~ mly at the anti-polar end of the egg (4Q-43 minut s}. When the pol r lob is 
~-~_, _y dev loped, however, it corresponds to the stem end of the "pear", and the 
p: l: !.. bodies are opposite.-

(''_:=; · rva the extrusicn of the polrr lobe which cont::1ins C0'3rso globular matf. rif\1. 
'-J~ .:. --48 minutes the clenvage furruw begins at the nnim'll pole and pR.SSos to 0u 
s:;_ -;_, of th8 polar lobe, which thus c:Jmf's to be nttnch~.d to cne of the two bla to-
mJ.r .. ~ , The resorption of the polnr lobe into this blnstomere C<:tusos it to b como 
l.rr.~&r than its mate, and nt about 51 minutes two smooth unequsl blastomer s · ~ e 
"W :.._ r,st eflch ether. P lyspermic eggs will now often be in nn nbnormf\l 3 cell •·t"e·~" 
2y 0·) :r~inutes the two bl ~storJeres nre quite fused together. At 67-70 r.tinutHs t.:w 
-;r; ·• C~d cleavage tAk'1s pln.ce. The lvrge bl::lsto':lcre 'ig<tin forms n pol r _, ob8, '.td 

... L,. cell stAge results with on~ blostornere larger th~n the other thrHe~ By 90 
E.-_n- ,tes, cr eorlier, the clear nuclei in the 4 cells may reodily be made out. At 
9:~ ·97 minutes the third division tnkes place, foming 4 rel tively large micromeros ,, 
P. TJ:--ofile view will revo. 1 the ruacrcmeres, micromeres, and polr.r bodies. A polnr 
v:e , will show the rotated displacement cf the micromeres, resulting from spiral 
cl~<'-:qge, although tho displocenent is not graat cr conspicuous in Ch"etooter-..1'::. 

99JEENTR\ TION AND ACTIVITY QE SPERMATOZOA: 

Place a smEJll shallow drop of "dry" spermatczoa directly from the testis on a sl"!.dee 
The sperm must not be diluted with any sea water whats· ever. Sea urchin spermatozoa 
are good for this because it is especially ensy to obt~in them "dryl1 directly from 
the testis. Place n drop of sao wnter noarby on the slide so that it does not touch 
tho drop of spermatozoa. With ordinary luw power (nppr0x. lOOX) ex~~ne the 
spermatozoa and nvte the degree of activity especially nt the edge of the dron where 
they 111F1Y be seen more readily. Now tl'!ke a smnll glnss red, or a match stick, or 
other object and drag its tip from the drop of son Wr\ter into the drop of sperma
to~ca so that a connecting bridge is est'1blished. As the sperm diffuses into the 
se'l \-Tater a gradient of concentration is established. Note swinu:.ting activity in 
relP.tion to concentration. 

CUJHNGIA: 

If Cumingia eggs are available, observe the migrntion nnd fusion of the pronuclei. 
While Cumingia eggs ~ra small (about 60 microns in diameter) they are clear and show 
the pronuclei in the living stPte especially well. The. cytoplqsmic constituents 
of these eggs are very readily str9.tified intr:, f our zones in the centrifuge. 

SPECia1 PROJECTS: 

D11ri l'lg spare time students IDfJY undertake special . rrcj ects relating to fortiliz'ltion 
or cell-line~ge. The following problems are su~gested, but students may formulate 
their ::-wn prcjects subject to the a?proval of the instructor. 

h __ F8r!llizt:ttion of PlRtynerHis. Collect Platynereis from the CayndettA Wha··f 
f I. u t.;..ng stage at th·.3 right ph 'l se cf the moon. Consult E. E. Just 1 s papers on 
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~. "ediug habits . nd fertiliz"' i c.n. Ccn are y ur c.bserv"ticns lNi th th '· e on Ner )i s 
·:.v..,te. 

2. ~evelor::1ent £f Is()luted Elnst.~n.w:-es of Nereis. R .... : ova ':1 . r.1 r'1nes vf ins minnt•J<1 
tor eis egf;s by the P.lknline NaCl nethcd r ovL usly described. Use s :1i-sttJr ile 
t echnique IJi th nil dishes 'llld instruments . Mnke Spcrvmn l'lSS needles ft.or H:- · ... · 
tirns cf Horst8iius in McCluog•s Micr sco~ic~l Techniquu. Us~ small IJDtch l~ss1; s 
(ryreferably Calunt ia) with a thin layer of filtertld agar made u in san wntar, ns 
operating !lild isc·laticn dishes. Seonrnte the blnst:1nares with the fina tips L f +ha 
gl8SS needlas ~~ociately after the cleavage furro\ol is ccmploto. Tr,nsfor to 
serorate isolation d ishes \lith mouth pipette and permit isolated bl st0morest t 
develoP in cool noist chambers. Observe nt fraquent intervRls. 

3. Development of Centrifuged Neroi§ ~. Centrifurr Ner eis g~s for 60 t t) qo 
minutes in Emerson t'lectric centrifuge with cover off ( cr in P ir turbine, if n J'., il
eble), \olith sucrose, as r reviPusly descriCY-3d . WPsh rff surcrcso in sun wnt,lr, 
inseMinAte and study cletw nge . Stntistics as t o the num r of AB 'lnd OD bl<>stCI 10T.'8S 

forming fr0m centrinet'll or centrifug . .,l eniis of the c<mtrifugod f' ,es wculd r'.~. 
interest. Posi ti ·n of micrumares m"ly o.lso be noted in r elation to strnttfic.,t t ·n 
end in~laticn to egg p0lnrity. 
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Gel Lineage 

: :aturat ·on, ::'ertili.zati.on and Clear a[;C 

t.rrot!~h t:1e 25-cell Stage in Cr pi. illla 

1949 

Due. to t::.e opacity O.l the li.vi.n,: e ..... gs, the details of na ur± ion) 
c>.ssoci2 tio:1 of Gerr.. nuclei., and clcav aGe can est be stl:di.cd fra:1 :rr ern r d 
sliC:es. ':he e;3•·s are not scct:.o:-.ec. but are r.ountcC: Yrl1 lc. :~w:bcr 0:1 or 
::e:·o cover ::_;lasses have beon used, n::!"'in:; it ros-i.:.>le to cxa-.1i.m tl:e ratcri.al 
1..::rler high pa:1er. Do r:ot, ur.der ~ ci.rcunstru\ces, \.:.Se oil i.l ... 'ersi. on 
o'.Jjectives or. these s2.llies. Con ~lin's t\;c nonogrn.p.1s (1097 ru C: 1<:'02) ;~~y 
be useC: .lOr reference, or the photo CD pit.:s of the pl"tec from these pJtCrs. 

Crepidula is a d.ioeciC"..~E cor- s ~.ri t. l tlle nales n· r in nunle r anC: 
snc>.ller then tl e 2.dult feDales. The spemato~oa :i1 rrlc Y:ith ova bef<r c the 
egg capsules are fon:1.cd aroun( :;rou~)S of eQ:;s in the m:i.duct of the fomal • 
The mature fer.Klles are sedentarJ, the nales loc cr.ioti vc, c:md at the brccdirg 
seas on, crperhap s once for r.ll, the fe1:1r.les are v:i.s itcG. and inscr::in2tcd by 
these motile r.Jales. All the ova producec: by a given i.rrl_ ividual durilg a 
season are laid wi. tJ1in a sl crt space of ti j w. 

1. On the prepared slides, mal:c a careful etudy of various st<Jges in the 
hro natura ticn di. v±ions. In the sC~me em;s fine: the sperm nucleus and 
note its approach to the egr; nucleus. Eote also the sr.>.all mtipolar 
lobe. i :ake dra:vdngs. 

2. Study the first end second cleavaoJs, noting the dir ection of the axes 
of the r.utotic figures in the latter. The small antipolar lobe r:1c;y be 
visible nee>r the vegetal reGion of the furrorr at the 2-cell stage. J 1al~e 
clrauingo. 

3. Stuc'.y in cl.etail t!1e formation of the f:i.r st three quartettes of m:ic romeres 
anci the forn:ation of the derivatives of the; first and second quartettes. 
Indicate nhic h div i>ions arc dcxiotl~opic and Yrhich loiotropic. 1ind nnd 
draYr exnnples of tho O, 12, 16, 20, 24 and 2)-coll stages. 'fhe la::;t is 
difficult to find ~n:1. shouJcl be cmclm cl carefully. The nucJc i may be 
identified by their size characteristics. 

:..>ome stud(mts, in their spare time, mqy ni.sh to prepare their own 
slides of Crepidula maturd. :ion and cleavage stae;es. The foDouii.ng method is 
:::;ugG estod: 

A. Obtainin~ Erq;s. Hith <:~. heacy knifc loosen a Cropidula shell f rQ1 its 
at·Gnchnc rrt. The egc cn.psules Y.'ill cit her bo attached to the substrntc 
or to the foot of the fem:ue • Those that <'-re sr.mll nrrl li[>ht yel1011 
contain egr:;s in the earlier stacos of developi::cnt; the lcr ger, deep 
yellon or mud-colored cap rules contain older onbiyos <'.r:d lnrv<>.e. ik;T~ove 
th~ cn:r,:sules, by r.1031 s of forceps, to a Syracuse YiC.tchglass of se2. uater. 
Tear open the C;>:p8ules -.-.ri th n !)air of nee;dle:::; to roleo.sc tho eg::;s. 
Disc orcl e;;cpty c.:-psulcs. Exc:t:1in'-' t!K oG::;s undc.r tho m:ic rosa:> pe to 
o.scert.:Un the st.:tgc. Dn.r~:-f'ielcl illumin .. -:t ion i;!:W be helpful. It is 
best to mix several batches of young stages for slide-making. 
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B. Fixation. (Do not usc fixatives or other rcn,.·cnts in ::>ny dish s nhic h 
nrc usccl far livinc n2.tcricl • Confine these r .:tg:ents to vinls. l!.:v int; fro ..... d 
t:.c ct;::; s, ·r:1s 1 ther.l by n t;cntlc rotary rinsi rr Y'i. t.1c a pipet ; d th n 
concc:1tro.te then in the center of the dish. Ch3P.(;C t 1C' sen -;-~ ~· t·.:o or 
th::-cc times. Then U>.ke up the cone ntrrtcd egGs ·.d.th a pipette, m" 
c'rop t 1cn, ·.:ith a sn.:cll 2-nount of sen -rn-.ter, into n vio.l tlu-ce-quart<r"' u: l 
of ~;:J.cir.enberg 1 s picro-sulphuric fixntive. The C"'CS ~ho lc: b-.. fi:: d nt 
le<1st 15 ninutcs. 

Jcnovc the _ix.:chve , usinc .:c pi::ctte of s~o.ll di"'.:K-:ter cquipp 0: 
·::it 1 ;-. s;:Tince 'Julb, cncl fill th~ vi:-.1 ·.i. tl1 70· alcohol. ·.rc.sh in 70.~ 
until he cgc;s <'.rc ~·.ni tc. . It is .--.dvisublc to avoid .:<'.shiq?: too long 
in 70~;, sine-- the. stc.in enplovcc: :::.s best Y:hc:1 it c10.:) s 1 ot pc r. tr:• tc trc 
no.cror.1eres . 7hc.se 1 ... --.ttcr shm:.lct t:1erofore be 1 ft sE~htly ncid . 'Ihus 
the eges nrc rcmovec~ from 70'~ ir.::: edi:1te~· n:'tcr the last \.~sh 1.nich 
rcr.10vcs no picric acid fron t:11. .. 1., hydr2.teo in So: , 35: <>.nd •·nshL 1 
thorour;hly in 2-3 chn nc;,.s of ·:rntcr. 

C. Stnininr:. After u.:cshi11t; •.ri th ·.:.:c tcr, fill the vi<'.l ·"i. th U.!c1 illt<.<: i :zy-c: r t s 
ho.emo.lun, .:'.!K1 st.:'.in for ~-10 r.linutcs . :::'o1· tl'c pol.e> r ocly st.:'gcs, 5-7 
minutes is usu.:1lly suf:~ici0:1t. f:i'tor st.:'.inill(;, ·. ·;~sh thorouc;hly i n H.:'.t.er, 
dcr,ydr<'.te ,.:end. clear in ~rlol. Renovo the xylol usee: in clc.:'.ril1f; ~nd 
rcplo.cc it -r:i t h o. sm.:cll .:'JilOunt of thin d.:mw.r . 

D. J:ounting. Cover c;l·':::;scs !.lUst be supportecl . :i•'or this pt~rposc it h.:'.s 
been convcniont to usc po.per squ:1.rcs the sizo of 7/8 11 cover gl.:--sces . A 
hole is ptmchecl in the center of ench squnre ~d. th c pq:> er punch. In 
mounting, the squares o:ce cle or eel in xylol, o..nd fixec: te the ce ntcrs of 
slides by c.dding three or four drops of thin u.:tmt'r before the cvnpor.:--.tion 
of tho xylol. · .. 11cn the po.per mounts h:cvC; clriec:, tho eg3s ~ c re1':10ved 
from the vi<'l j_n ·::hich th..:y nrc stored by the usc oi o. pi1)ette clrnYm out 
to a lonG t,".per nncl having 0. Sr.l<>ll ditrilctcr .:--.t it:::; tip. The '-GGS m· e 
o.lloYred to set'~lc to·.:<'r cl the tip of the pipette., end one drop of the ecr.;
d.:'nar suspension i::: pl --.ccC: in the c~nter dc:prcsr:ion of cc.ch paper nount. 
The d::.nnr is o.llor:ccl to dr.f to the point of formntion of .:--. thin film in 
order thd the eggs m~y rC:m.:cin dispe"-~secl and ·:i th the r.1o.cromcre qu.:--.rtcttc 
adj<'.ccmt to the slide ~:hen r.ountecl . Apply thick cl~.m<er to the edge of tl-:c 
paper mount, imnerse a i;O cover el.:'. s s in :c::ylol .:end ~ply it to the slide 
over the pr-.per mount. 
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Th.:.s ~ E'cier is u:::"J.nl1:; ri_e f~" .: ;:-:i -J!:1e t m·d-~c:tc:'i c _n 
::-e ·;; ~., ods ~:ole ret;io::. ·: -~f:'n stm~ed in la orat _•v a • .. ::."lr:ia tL~v •~:nv 
r.nintr~ i!l t::eir ri.t-1e ccr.diticr.. even :...c:·cn the '.._reedinr: S"'G"'O. ·an · 
s-:...:.:: ly a}-: a rent ly ~ OY'!:!al e [~·s a. c s , - rn:. In en-. rR 1, ho·vev r, l t 
sc.:est to 1se aD.imals v;.:.thin a fev' dq;Ts o.f er t .ey n.r collected. 

'"hi2..e ir: s0r:.e s:;:.:ecies of cc~::.inoids tLf:' ~o.xes :my te d stin L9 1e 
e. x t 8 rr! a l :... y ( s e e r 3 ::."' x , _ 9 31 ) , no iff ere . . t i r> t ,1 £r c 1 n r a . t '"' r i ... t .:. c s La v ' , 
a~ yci, bee" descrL cc for ! . • pnnctulata. 'l1he sexes e.rc readily· 
identified after t[lr eninr..ls are opened :· the deep-red or 11.r1l 
o,·ar:es and t:::.·:: ::-cllm · :s ·~ -cr::-• ..~- testes, or, if lno encd annal"' s}' cd 
Sl-0:::1te.neousl:r , by t::.e red ec r s an. t1c y•!:..:.te SJ:.. r". 

Obt:tinin;:: the r;r.n1ct~~- An.· of tl:e :'olJo·'.'in 1:1e "Od!'> 1ny u us ud . 
a)Cut aralncl th6 pcr:stcl:'le and rc·~ove th~ !.ristotl' 1 s lrntcrn . Po-ur 
out the body fJ.uid end 1-lace t:1.:: ani:.l&l, ~bcral side cown n"' <.:'..s 
contc.ininG a s::1n.ll Gl7lOUnt of sua r:atcr. The anlrw.l., th ... n f' C}'ll..ntly 
sr_ed tllr'l the conopores . After 10 Y1in tos 1'0!'10\"C an7,r ccr:s thu have 
been she~ to a fin~cr bowl (or other larcc flnt d sh)contrlni c ca . 
200 Ml of sea vic.tor . Sp{'rn should '.Jc b.:: pt in conc.._'ltratcd ''uspo sion 
or "dry" {ic. :1s it exudes fror.1 the testes). )Cut o.ro.u•c' t:1c t fltc 
about half v1ay bctv100n t 0 T"l O"J. th a:1d tho cc:_tw t or nnd proceed ns inn . 
Shcdc.ing :s ~1orE.. frc0ucntly o~b:jncd by thj_s mcthor1, but tl"~cro is u "O 
more likelihood of cuttin~· t.~0 c;onacl.s. c)Cut. ns in b, pour out body 
fluic~ and romo\~ c r,onads (r.t gonoc! lGt end) \'.'ith blunt forcc1, spntuln 
or spoon . Thv o~arj'-s should bo ~l£c~d in rbrn1t 200 ml of soa water 
in c. finc,cr bowl and F llov1cc: to shod. If nn0. :is t .. lrbcd the oc;gs nrC' 
extruded in com1act clu.'!'l l~S or strinr,s a~1d nr.y be rv:"ldily r moved to 
a fresh dish '''ithout cvn:·:!.nn tissu3 i):r r ·0an"' of n '':id .. -m0'1th piJ:..Ctto . 
If lo.rgc qur.ntith-s of' eggs ar< dGs red the ovari~s should be allowed 
to shed for cbout ~- hour v:it~-: occasior:al stirrin~, then poured FGntly 
thru v;ashc.d (and SJa mtc:r soo.kl.d) cllE. c seclotll or boUnr .sick . 
d) Inj0ct about 0.2 ;nl of 0 .5 KCl into the perist omial cavity. Hipo 
ani::1E'.ls VJill oerin to s~·.; d nlthin 2 min' .. 1te:s. 'l1 hE:· ec;gs con bo colluctod 
by invertinc the animal in a dish of sea water or by wnshlng the L:~ps 
gc.ntly from the surface of the &ni~;~al wlth a pipt'tto . The sr,c:rm 
s ho1.1ld be removed 11 dry" or in ccnct;ntrn ted sus pens ion . 

Spcrtr.f,t OZ08: - ur,on dilution VJith sen y·at t· r the spcrrl1 become 
t,;•·:1.orarily intcns<Jly active . Thc:r lose thc:i.r motility sooner in 
concc!trG.tC:d than in dih:tc S'...1S},cnsicn , c1uc prc su:-:1ebly to the' more 
ro.pic'! accumulation of CO • On th,· other l"~nnd their ab:il i t 7 to 
fs-r't ilize c:::;r~ is lost mSrc r"'pic1 ly in C.ilutc t~an in conc c. ntro.te:d 
s11_sp·nsicn . (Sc,e F' . : · . LiJlic. , 19lE>; Co'b..::t HH8 ; ~l~: :·n~hi 1 ~15) . \'.' 10n 
k•pt in the- cold 2oc.) 11 cry 0 s1cr~1 r!a7 rcmc.in roocl for cev e ral dnys. 
At roan~ tc::per~:turc dilute S_t.crn: Sl.l:JJ,.;cnsions m['.y lose the i r :'erttlJz
inc pc',''cr in c~n hour or lcr.n. It j~ :.:dv 'cs8') J. u , tlt...,r'., to u'"'o freshly 
: 1; 1: to d s r c rm f or f c r t i l i z c, ~ i c n • 

':h:.: h.:i-.~ vf t',c Sl, Cl'Y!' is con1,r:isc·d of o.c:rosonr~, nucJ.r·,1s o.nd >rn c'
pi. L C'C th<.t ;\rc rou[~hly 0 . 3 C..!ld 1 nicrons rcs1JC:c t tvcly in l onc;th end 
0.(), 1.3 Gr:d 1.2 1-:'l.:.c:rC""D J.n t:;rc ntc_;t '.'dc1 th . r1'rc tn .1 is about 45 
M.i.cro'!s ::!.one 8.nd 0.1 r.:i.ci'Cn :in Gr,_. o.tL~t v:idt.h. Its o.xtal fllnme nt 
prot!""H.1cs r, c.hort dist~1nco i)e;yonr1 the ond of t 'e :-; hro.Lh . fx<' T:1 ino 

1i_"'lde:r oil im·1crsion ~nd ::>kGtch a Sl .. (;r·~mtoz:Jon . Lxrminl_. J: odnrc.tuly 



J~fcrtil~z od ~grs: - Ar~ac:c cscs con~l~tL ~oth nt ·oti ~ ; sicns 
.. :1 ·1<:. sti~l .:.n t~1c ov~ry cnC. he }.-Oln:::- ~o--:i·s •;err s l i o .. r.:..r.1~in 

"' -,nr' .,.,, • .,., t'1 Cf"-s '"r' S d r'l,.,c· 1' 0 "11 "'1'' "· ,llv fi.,O''' ':t .... C C...... " ~ .... - t...L <.... "" ... 1C • ""'""' ,... ..~. .. ....... ", (..,,_~....,..\,_, .... , ... u 

.... _::2_,..tivc l y .1~ripc c>nin~J<:: or c.fL·r J:Y:[tCCrct [, ov~ r"t · , c r:-. r.c~y be 
·,O'.l!':d tl.rt Cl'L in tho G'-rminE-1 ·.re.s1clc (c'li:~kincsis of pri~.::1r~r oo ~rt 
;-::r:.ct· rccorizch~c; b~.r t.:e lc.rfC. clo[. r nuclt: s (2 aut o .c-hnlf c~g 
-:i.:?':2t:r) nnd n'.lClcolus. S1J.ch escs I"l:lJ CX11ibit sene s lrfr:cc r csro .s 
to s};'r·rr: but. th~~: c'l. o not dCVt..lOp UfO ir'lS Cl:Lil".r>ti o .• 'l'hc ri}t' 0[;[; 
7[ ,~_cro""s c:icr~tcr) hc.s n. smo.ll clC'nr nu.;lous. It contP. i " unifo~'''llY 

di.~f.c.~·scd prl0 :rolk ~rc.m1lcs c:nd f1li[!htly l cr .._r red gr"nuhco cont" ' 
inr: ,.. : i~cnt Cf:l h .d . Chinoc .rOl"", \'lhich is [\ suhst:i.tut e d nnphthoq l 110 

~l..,J. 1 to t'n"· 1·;: v1't··'1·,__.., (r,..l lq7..6 l '"rt "'!1 ct ,.,1 1n~o 'l'''lll' rc _ ........ lt\..J L. . \,..o .1- . \,.. _ ....... .,:, • ~·'-~ _ .... , .... '-' , .... (... , ,, ~.. .. ~ • ~ ~ • ~-·" , ,T 

l'J39) . ·..:-por. c:-.rtrif'l;"C.tion njtoc.1~ondrir. nnd oil sf:1 rult..s .. r also 
riisti~[uishrblt' . 'The; nl,"'lul.'' i'' r~'nerrJl:· leer .vc: cxcontric~· .ly . v nee 
~ .. c rol~~r bcc~ics r.rc not '-lsurlly rr'-scnt t'-it- pcsiti.cn of th· nn 1U'' 

·:·ith I'6"};0ct to thE- polv.r c 5.s i~ not rc"'c~il;.· G.ctt r>·Lint d . Oc ['Oic:"~.:.ll:· 
~:ov; ..:v~..,r , br.tchcs of cc:."'·s rr\J ob r.incd in ··hicl: tht. polrr b c1 iu· nrc 
c.tt:-ch"'d • In these, obsorvr.tL::m~ (~i:or.d lc?, 1':134) hnVl src.11r. t.hrt ~i1t..' 
nucl;_, lS mr-~r li0 in rn~' port cf the c~rtcrl~ _ r.n bt,t'f'l en thE c< rh x rnd i.l l 

c:.ntcr . In th<J tre!iS!--:Ol"t'lt r~ lrJ.in8n~ COC:t (r..bout 30 rl)CP l~S 'liC'!0) of 
':hE: <--[.[ t!l.crc i s r: fnnnc 1 - shoptd sr[;cc \''hich r,t..ncrrlly lhs ln th:. 
polcr o.xis . Tl'.t... fu!1n1 :l i<· rc!1d r((l visible; by ntrinLf the i.lJy ..,,tth 
Jrmli'l gr0cn Or b:,r p1r.c in :- the O[f;S in D SUSl.C·ns ion of Chint.SE:i inl~ • for 
this purpose t:1.:- ccc:s she>,t1d b~..· t~: kcYl i~mnl c1i~L~...ly rStfr shl·ddinc "'ir1 ( 
the nicropv l c (f .nnc l) rnoy d isr:v1 ~cr ~s th~ j . lly swells . rx~nil c :nd 
d:ctch some unfcrtil~zcd uf,["S under hich rov•cr not .nG f.r~t:t.rcs dcscri.bcd 
~bC'!6 . 

Ccntr i fucc: c. sr mplo uf unfcrtilizLd ce.r-s rt ;.bout 10,000 rr "'or 
~- hour :l'1d sY.ctch C!.'.1· in Hsidc vic•:Ji. n otinr the follov•inr five lc.v.:.: rs of 
str&tificd motcrirl:- il c r-1 (ccmtrilc:trl ... {n(1) , hy:--l inc'zonc , r.lito 
chonclrla , yo1lc zonl; o.nd pi[FtLn t lr.~: c r (c(. trifuccl und) . \'.'hero :is the 
nuc 1 t..l'S 10C['.t~;d ? ~Io.·.re. tch granules in thl' cort.cx of t 11l' (if.C (:H:J€) 
secon( p2rGrrnp~ bclo~) bcon rlis~l~cod? 

Io:rtiljzo.t.io~:-Ins c!T!inr-t n sr'mp1c of err[; , 13.i. 11[ cnu drop of 
fres~:ly diluted l 7o s p C;rm (one dro p of 11 dry'' · pc1·:·,1 in 5 ml of s co. wo. t(Jr) 
f or cc. ch 10 ml of freshly -v~ sh~.d dlJ.ute cgc, suspmsi~n (contrinin[j 
r..bC1~t s ,ooo oggs per ml). Stir the dish irrP\cCLrtc1~; nft\·r r~dding the 
spern and obscrv6 tho r-r oecss of membr~n~. elevc,t:ion . HO\'/ .:;oon docs it 
bcr:in? w!101n is it completely s~..opo.ro.tcd from th surf:~ cc of th' ce;p;? 
~·:hen dc·,"s tho pcrivttcllinE· sp8 C3 ntt~in i t<• m2.x i mu.r.1 vridth': !.lf.;£1Ru rc 
the c i 8.mcters of ~m unfertilizu.'! err, Lmcl r.n on;g ~:t 10 to 15 nlnut cs 
aftLr fcrt:i.lizc,tion . Is there r.ny c.ppn ~ir'llr· c1if.:"l:.runcu in volumo 
apo.rt .f rom thr.t of the pE::rivitu1linc S}J2.co? 

The spGrnr,tcznon ente rs the ccr; 'n it~1jn c. fu,~.: scccnrl:> nftcr o.ttn ch
ment . To obsc rv u t _., c pr'".cc s s },;lace r. drop of c c-r.;· . n the cr.m~e r of l. 

: .:--< lin:.;-rin;c.c, s lice, "nd r.c'!d r drcp of ti}:OrH1 of j1lst suffictcnt con
:rr~i rrti0n to fertilize ~.11 of thr; ._;gcs . Add r co ~crs l p r.nrl locnt<. 
as c:lickly r.::; pc.ssiblc ~ncr::.~ tl:rt ;_;!1:-··., s only one' ~~rcrm--tozoon on its 
surfrcc . 1 etc t::" c hc.nf<S thr·t 0ccur u}:,c.'r P'-nctr~.tion of the 8p<rm. 
i/here U.occ .;1.ro!:"brf'nt..· t. l cvr.tion first bE!7inr( Ir~ tl., · cortt,Y of the n 
i,.,rtj_l.i..z,,.. Cf3f, there is r stn;lo lr.ytr-vi r:r"'nult:-J v1hich clisn.pl;G"r 
O.ir·sc:r , 1939) upon fcrtiliz"t::.cn <'rd eontribntc (rccf·rclinc: to Runn~1'l"Ot11 , 
lYtl) tc· tho fcrmr.ticn o:' ti:" fcrtilizrtion r.1(T'lbrc.no . Thr :-·c [!rc best 
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seen in the hJalinc zone oft e centri~uced ec s. In e.irat a so: ple 
0 : cer:tr ifuged eggs on a s 1 ide, as described nb ove an observe the 
behaviour of the corticel granules. Dark-field ill m_. at ion sl O\'.'S a 
b:rirht reddish "luminous n laJer on the s rface of t'~e unfe rt il i:.ed egg. 
~:1e lll:::incs i ty d 1:-:inis!"les and bee orr.es paler 1pon f ert il iza t 1 on 
C.:...:-!!strorr:, 1928; Ol;r.an, 1945) t.Jsinro; the dark-field sto}:.l d sc for the 
c.J::c~nser of your nicrosccpe examine a srmple of u f rtili .. d and fer
..,_ :zed erGs . • 

~~ :-.inaries to Cltavage: At 10 ~i.ut~s after fertilization a 
T-.-,.·:: (about l nicron v1ide) forr..s on the surface of th err. '1' 
1 ,.-,rr follo'NS the cl avn[e f1rro':Js m:.d if' the nat··rial by v:hich 
·J.: ~, 0:--:"-rcs are held to00thcr. In calci m-:'rce sen v a or tho hyal .;.r:e 
1~--r disarpE:crs. 

'I'hc SI-crn c"nnc- :,t.; distinrl:.shcd n t ~L li· inr ere,. At nbon~ 15 
·-,i:mtcs after fcrtilizat:on (::-.t 20°C) a s1crn cstt'I' s v~s ~lc "'!.[; n 
3p..E.ricr·.l rtS[:i on cor:.te..ininr, clear r2.ys o.xtcnd n£ frorr: a c1Lnr entL.:· 
':'J::~~ atteins its nr-.xi:--:·~:. dcvclcp cnt o.t 20 end 30 l"'linlt~ 'lJ~, n rt 
c' rr str(.ak u[j:'vars in tr c.. err sliGhtl~r above t!1c quntor nr:d Ht i;- 0 
n.1.;1 :ttes this is rq .. laccd by tvJo clcr.r ~\rcas, the nstcrs of >.c f Lt'st 
clL&vngc spinflo . 

C)• 0v.o.r;c.: : - T:1c follovJinr fi:"J..rcs civo t.Lo avuree;e tir.t. for tht- f r ·t. 
t~.;cCClco.vv.gL· s (cft rr Fry, 1936) . 
Cjr·c..vnr-c : - First Scco .d third 
ru'll::tes [,ftcr fcrtilizr;tio:1: -4~ (25°); 113(1'-., 0 ) 10'7(~0°) 145(200 ~ 

Diffcr~nt batches of eBgs vary sltchtly (1-2~ in nv~ragc cl0UVlCv 
tir.!c) and, ·:·1hlle vJithin a butch of cr:cs most \'•ill dcvrloy o.t tho o.vcr-
q:,c ratc , some mr,y vary by about 10% . For E:ny tcn'p.'rnture b tween 
150 r.nd 25 ° the ave; rage t imo of dovtlopmcnt cr. n bo co lcula t ·d from that 
at 20 0 by means of th~ f o llowing formula: -

lo£; (tir.:c at tcmp . G) :: lot; (timt- E:t 20°) - (t ::2o) 10 . lot:; 2 .• 6 

Tcrr.} ·r::: rnture: s e.bovc. 30-32° arc l ethal for Arbacia q:;gs . The; first 
thre e; c lt:·o.vogc..s dividu thE.. C [,f into c icht oquo.l sized blastom(rus . Tho 
olan s of tht. first bN o cl.. .. 8v8gcs ere meridional (in the polar axis), 
~h.s.t of the third is cquc.toriE\1 or horizonto.l (nt rir:;ht ane;lcs to the 
j,!ul:.r nxis),. ? ollow tb .. pr ogr0ss of the. cleavacc f'.lrrow in dividing 
t f[.".3. rotc the t t he hyfl lint. lD7!'-:r forns the surface of the furrow , o.nd 
lrtcr , whon thG cells flnttcn agcinst one an oth\_,r, thr.t it forms tho 
bct .. ndr. ry '.JG t·wc en them . 

At the fourth clLJE~.vag<.; thf: upper fo,.lr cGlls divide mcridiono.lly 
forming cit:;ht equal Cl;lls cPlled mcsomGr0s , '!hil8 th~... lowvr four cells 
ctividc unequally r.nd horizontally furmj_n,::" four l<:>rc;c c e1 ls c r. lled 
mc.crorr.crcs rend below tl1om , at tl1c vc,sctril pole, four smr.ll clear cells 
ccll·-d micro~.Gr•;S. J.t the fifth di1ision tht- Hicht ncsomorcs <.UvidEJ 
equ~1lly c.nd horizont"'lly fornlnc t::o tiers of c' lls tL;rmud an1 o.nd .::.n2 
:"::,]: s divioe in morl~ or l e ss rnd:i r. l d rt,ct .on whi le the macromercs 
c'::.-..r,cr ~orizc'ltc.lly :' ormi:t[ two tiers tcrmc..c.1 vec1 nnd VGf"2 .. Vcr2 is 
next t o micro:nr,;rcs •r:i1ich hr.vc cl"' o divid~,d ot this tim hut which do 
not for:n c~istinct lc.y(.rs . L:'lyE.rs of cells r·ro net rcrd ly dist_nru r1hod 
in l ['.tc r clco.vog. stcccs nnd no Sljccio.l desirnnt.tcn s rppliccl to tho 
rt;lls nftur th~..; 64 - ccll st<:.fC . It l1L..s bA,n sho~Vn (sc..o IIorstnd us, l~n9) 
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~~:-;: t!1C un1, r.n0 , c.r.d v~ cells torn the lnr nl tctodt:rr:1; the v 2 
cc_ls ~o:·m tc:ndodtrn &nd ctt of ... t. mesoderm (cc· lor.: Mnd 2nd r:c..·se hy.e); 
::1 r.:icro:-E.res fom the !7't-sodc:-M (prii:-~(try ;.:._ SL nch r.ll) \"} ic, prod lCt s the 
si'-:cto!1. ~ 1 ~·-tc!': th.L vc.riO>..lS stc-.gcs up to th: .. sixth clcr.vr,(!' • 

1~ :- At thJ cicht 11 stc .c there i~ n \'cry sr.:cll ct'nt"''~l 
-~~....----.. <' ~r ·:· .::c"l cnlr..r'>S , r:s c lenvq::e c. or. 1 •cs, to f or1: the lr: .... to o ~ , 

t ·: c:-lt C hv1re oftcr :'ertili::::c.tion c st.oo h-surf~c(.d s h • ic:-1 vo-·
::.'.--~·tulc. is forncd, the: v1r.ll of ·:J! ich is or.o-c '11 th C.{. Cil-~ oo 
C:G''. ~op 0!1 t.~:.t s :::•fr cc :,~1d t:1, blc.stulr; is rotc ted t-y their r.ct on 
··.i; ... :n the f .rtilizr.t on ::cmb:.,nnc. At c.bout 10 10 rs th bl[lst'..ll:. 
· ,.,:; -·:c s out of t.· ..... 1'crtilj;.r.tion r:<.mbr:·nc. It hc.s L.en shew (Z"~1~· ~ . 
- -.: ·.) t::.ct t1"'0 blcf·i..t 1~ rclcns(·s n 11 hct~hir:,.,. t n::.' n- 11 r.t this t:in~.. ~: r.t - ., 
\' ,.·:(DS r.-nd d:.ssol·;~,r. t::1c 11C:1bl'C'l10 sufficiently fC:r' the o:r tul:l 0 

.J'":'' d·' thru . :. snc~ll b:t:'t of Jonc cilic. dcvclo}:s ct. th' r..nil r.l 1 o .:-: o"~ 
t:·Y bl",stulc r:rich is tbc forrc.rd ,nc. when i+- is sr,•itrJ"'in-. l'.t th' "so 
0f t::1is o.ric:-.1 tuft th'~ blo.st·'..lf. 'Y.ll i~ t.hicl- nc ,, for11in[ the ~- ~.,;· . 
o:!.: t c • }\tt ;1.c. v·c ;:~~tr.l po lt ti1c b 1<.< stu ln \'T.ll bL c nh. s flr. t tG. H,d r,n ' n·w 
~ ....... ~ c ~res mirr['tt.. intc the blr~stocnLl, forr.1inc: t ~.;; 1 ... .,i:';~ l"Y 1n rcr:. ..., :"~''0 
:::'·.ch c:i,:c.s rise to the sl:c.lctcn . ~::etch corl:- r.nd lc.t; ll_: stn nc. 

G<::<stula :- At c.bout 20 hc-urs r.ftc::: ft rtilizo.tion t1 c Ct ll nt tbe 
vt::ctrl ptle irvrgir.c.t:.. to forYll c blind tub~, tht.. nrcbntcron. Thi~1 
rr:-<f'.\.-S t}'"!8 0 l-OSit( C:ld Of t~c blcst:>cocl in LbCut f VC hour:_·. 'l'1e 
C:"'tru lfl contr:ins r.bout 1000 cells ond its ouh.r W['.ll o.s well c,s th 
v .. ·,~ of the r,rcht..nttron hrs r. sin~lt lc.ycr cf cc..,ll.s . 'l1 hL r . r1r.ry 
rr,.:';Jt nchyr.;c cc lls form r ring r~rcund tl.c blc." t. Cl urr 1 c nd of the r..rc h.cr~
tvrc,n. SE·co~C.cry m~,sonchymc rnd lr.tcr , cu .. lom ['.rc budded off from l-110 
tip cf th: nrcl:.E:.nt(..ron. Drnw beginning End compl~,tcd grstrulf'.(; . 

Prism : - At the completion of r;c.struL:.ticn tht- i~ ('If the r.rcl)t '1-

tc .. 'l.(- turns tc:· cnu side of th0 gnstrulr.. v1htch bc.ccmLs fl[ tt~,nl d ov' r r.n 
nrer" cxtcnc,inc; froY:'l tho rnimcl polt.. neorly to the blast opore. This is 
tlY first sign of bilnt~_,rc.l s~,mr:~ctry, th .. flnttonud r.rer, rcprl'scntinr 
th(. ·c cntrEll std0 of th( r1mbryc- . 1.'hu primr,ry mesenchyme cells aegrcgrte 
in t.t. o crou1-s,· cnc en E.:B.ch post(..ro-vcntrnl side, c.nd cc..ch group sc:cr to::; 
a trirndjc.te s~iculc.., the ~~,r:innincs .:·f the sb:: .. letcn . '. h0r~, the tip 
of the c.rch< ntcrcn touch~,s the cctc·c.cr:-1 t 1cro is formed n c1 prcssic.,n 
wh1ch later acquires c..n Ofl:nin;· into the; nrch<-'ntcron to bccor.10 tho 
srrr.;cdoum . 'l'ho nrchcntc·r:.n bccc.'l•.s diviC.cd bv tv.•o constrictions into 
o~~~·~Jphnr;us ' otc:-nr.ch f'cr1(~ intost inc . 'J:ho [' picnl. tuft d is::-.1 I Ulrs' Q. 

~ 1.l1c, tee: be nc S11rrounc~::: tho orr,l field, the umbryo be c;ins tr) clonr,r. tc 
~n thv dorso - vcntrr 1 nxis c.nd the dir0ctiun of swir.rr'linr chongc f so tho.t 
th~ vc ntr2l side is for~nrd . Drc..TI c prism lnrvn . 

Plutc.us :- After cbcut 48 ho1.1.rs th0 embryo c..ntt- rs the plutc:us stnc:o 
·vhic h is fully de v~... loped n t t h ; und of the third d:.\y . 'l'hc or irin~l 
['.picrl plc.to c;rov:::; out in c. ,rcntrc~ l G.iruction to form the orcl lobe 
·, .. :1ich includes the stomc·dcun rnd entcri~..,r pr.rt of th0 ocsophrrus.-'Tvlo 
shcrt out[!:rowtr ... s, th( orc.l (rntcrc -lct ~...rr .. l) r. rms r•rt.. fcrm<:.c1 on the cral 
lcbc ::md, at tho r.r~::~l sic1 c, tvc lonft.'r f1ncl (J.borEl or r;u ... torrl) c.rmo 
r!'"t'J out in the suac. gcncrrl dtrccticn.---"Th·~ vril"'j_nrl trirf'.dlnte --
sl-( c·1lcs f,....rm skul(..tr·l r':':d[> v1hich cxt•.;.nd i:1t.c tht... crnl rrms (or::-J rv1El) 
the :111[1 1 o.rms (nnr.l roL1sr;-r:orsrlly thrcu[h the body (bcc~y reds) rnd 
later[ ll:l (vLntr[l trcnsvcrsc: ro·:.1G ) •. 'lb .. rod~: f.'..ru ccch mcdc up of three 
or four porrlJ.cl 1-rrts joun .... d by cress bors . Diffl.rent spcclt-s of ~r ~ -

1l!'chins differ in this rqj:--.rd , so th~, structure ...,f the skclctGl rcr1 :--

1.~' ~ useful chc.rc,ctcristj c in hybridizntic.,n s tuclies. 'l'he cn~bryo c0n-
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- r::es ":c e o: ,.,.~:-, in t .-:.e <~C:"so -··c tr:1~ c:ire t· ic:-:. r,nd ')t.C'O .. " S fO l t.et1 
~ -~~"'=' 1-0.ste"'O -~O''::Jf'l enc ·.:~~ere t:;e o::· r<A.:s neet. -'.e "l..·~s r'.l1~"'ing 

· "''l "r-"'or''a""''"' <- •• ~2n'' ard ->.,..,tos~'r·~s brco·~e~ J - '- "o' ~hC' to·-.-.c t~-:.. .J-.... J:- .l.... u .. ' .. v • "'-'"'- _, _,.. !,.,.. ..... _ .... - \._ )._ .... .. ~ .... ... • ... • .C.l • 

~;::a:.·s to £'orr: a Sl-!-'e:'~cnl st.rucb-re :JE>.t f_l_s ~ larre r"':'t. of the 
J "' ·:· o ~ the 1-luteus r.nL' hi:1cte:· r:. 'Scle co., ect 1 t 'Ji ... ceso1 1Uf:U<1 

"·. intes i:te . 'T!-.e tr10 r-celo::1ic se.r.s extend ostero- latc nllv 'O: t·-.. . 
,_~ qha.rus . ':hat on the eft <"ide b:c~:ncs larrer end lr.te:" · cc: ttr . 

1 c c:·~2l op~ninf cE-lled t .... e pore ca .r.l . 'Ihc ri£ht coc:.:lor. b' (s 
~eJ:s ·~ o forr: the :18drc1--oric ·.·Esic (;but other"isc r -.,:--in 
:::-- 1-:::ft coelor;:, 'l~ccrgot.s cxten~iv( later dcvclopr.1· nt i t .~.. for:·w jcL 

of .~:~: .. str-1ct Jres of t:·~c aduJ t se:.a -urch.in . 'Ihe e ch"' r;u: do not occur 
11 til the second v•fel· v hEn r1etamor1-'hos: s bt1rrins in 1-ropcrly f d lr\r\•nc 
Rnd •till not be sut-:icd here . It !:lhO'..lld be mcntL.m~...d, hO\'lCvcr, thr. t the 
adul oreans arc built up in an.d ara.1nd a struc ·.1rc terns th Lchi .u 
:;n,.1rl ir.c:1t 1;"lhich is f o r-:cd by t. he f1ts io:1 of an invar:5 nat· en { nr.:. otic 
in~8ginati on) of the ectcdcr~ on the left side w t~ th~ nid- ortion 
(hy_,.lrocoe l ) of the left coelc.r: . The left sic:c o f t'-~c l-l' tous ,:->oeor.lcs , 
thcn , . thc ftlt'.lrC oral face of the Adult . Dra~ ~ dny ol ~ rlu us in 
post e:r o-vcntral and side 'icv:. 
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s::rs , ::. or'!in:r? ::r ·::.+-<~, J. nar.,., v lo: r -ti ... rc~ ;· ·rct te ~ 1 t·.:. .~ 1:r(: 

( "-.0,...1'' ' 
\\. (. \ a 1 ~tc r 

~\C"'"luvr l of F~:!.'t :i 1 · zr + j ')~ l ~ <':.::_.•,e-ne . r or " ' nlTCr:.<t,., o.~.· is o~., t inc 
blrsto.n l'CS .... he fcrtilizE'tlO:l r ·, >n>.,.,c . . ' ''!ll~i.. t'ir·~t b~ rr:l'(\'td . 'l'his is 
::.cc or.:.t l:.E'J· .d by s~"lR . ln- c. 8-ls:El"Si )n o:f' ir,~ s:tly fn-t·liz(d r;r.;rs . 0b -
tei~ .... ~r·~ rn ~l ~ l'\...:nM of / ( 1"1-'D. ·1 r or') rJf Er:i;!-:'J. h c}.in~lS iYl !-:e "l.~'lU wr.~r. 

l~s";:inatc (not:l'1(, ti!'l'lt,.,) i Sf'~-1lt: Of t:P'('S , · i.• c~· j'or f,rt,jli?lhility 
8:1( SC.'!C tC Ctltt;rT'l;r.t.. .f'.l''t rlUlV':f"( timL ( :1• ' l.<lSI.".'',· .n I'"'rt (r.) btjO\' 
T"atcr (lO to lc:; l"li::n::z.:s) fl11 c t ... st t:.lbL nbout four - fl-"t.l ls full \'lith 
a !'r~..shl'T ','18S~":.•.d 38"''1-lt- nf v .. ~ ·co and jns• ~inc..t~..., r.1i).jlif"' 1 "' inve-rt !ln- th 

~ ' ~ 

te~·t. tube onc e . A1~cut or.o -~<.1}1 Ti:utc J.rt'r pour E\ ou ._or ht.. l:f'£Hl 
rrom t!'K t est tube ccnL}y into o. s~rre.~n ·,,., di h 2nd cxE'l'!lillt- for mc;,:,)rf,l1,' 

c :,_c:va t:.on . ·,i~.cn the rncl'11Jr"'n(S _ave s~:;paratt.;d from thu surf8cc of 
p:,P ctic.Glly oll o.f the. (. P'fS ( n:--o..._d~ 1 to Z rr.in1tcs [:ftcr instl11.ino.t1on), 
~>.r}'c tlic t est tube ten time.::> 1·r:pic1ly np <~nc~ c~o·m u~lnc n full forL
)rl~ S">: i':1f rnd l'olcli!'.( loY'.f. nx~ s of tub<.. in dir< ct i.on of swin,~ ,,.1 tl'l 
'· 11..~!'1b O''C r open encl. Four r:bc~,lt -~ of tl"'f q~;::;s into o. syrac·1sc ri. 'r)., 
~'T:!Cd~atc ly ~h[kr: tube.. r .r2in '.:en tirL.s , r :.. '!lO"r: } an(;thu' :, of tht: OGr:-
. ~1.c.a t o 'L'hirc t :L c ::-m1 rc."lC1 t th: rt_,!., ::o.ir.jn~· ·1• • :.xc.-r'in th0 three 
n.~ · rs of s':.1n1:cY: err·~ nnd se:lcct the on, C0'1L;··inin~"" th, ~ hjrll st per .. 
:..,r'L[!("''C C;f ~11:\l·cc r-;[~rs . if&sl;. h icc\ ith fil!-.·:.·cc. S,f, -•;;atcr ~ 

An D2.tcr:lrtivl: me~hcd of Ji'l( .. .... 1b:-r-r.c .,...li"'·ovcl :ts ts ec I=-irctt.; vdth :. 
,.,:.,rcw opcnin('l' . 'I.._.,,_ o pcnJnf ern b.~ sc•:-rr.l f:.ir:'C ::' tl ·v .:::r · cHe"'H Lr . 

....: en~ c n t rE' t cd S'.:t s l <.. r.s i o~".. cf c;:_· c;s r. t t.l11. '\.1 1'11;... of m';nbl' <~ >1 ~ l 1 (· vn t ion 
~ .:.(~l:r c.~rH\m i~1t o tLo pipet<_,: , c·.'1c. C.Y.}J t Jlcd J.nt o f"n cn;.1ty -Hs"'. ontl 

.--:,;:·,onvcl. . I.-; cnc trct:ttr:1cnt i_s in3.C:ccp::ttf· it Y"lt' '"'} be rcp~...2.tud .. 

S!' lXl.rBtior. of Elastomcrcs . F or th~.s }111Y'J:.-0SC t~1c student :mny u 
... ~cr the C;_, - frr.\.. sLa -··H·tcr (J:crbst, l <JnO ) o:r th'; hyrcrtor.ic 8("-:u 

. .. :: . ;-::-. r·-c~r , 19•_0) :t·t.hcr~ ouili'1· .. c1 b~lo1.· . P~.mo ·t' f'J.'ti.llz•t on 
,.~1 r"'n"'. s fi'O" (.c:rs rnn n[·~ t:he contr ol e£,mp}J' of -·~cs ftrtiliz1.d 

' :· jnutt f: ':J'.~·orc; tl'.( exrer)~H ntcl set to dct .rT'in ~... xr;oct~ d t Mc of 
,st clt..C'v~ -::· of t.h< M.!':brr.nc -l('sn ut;gs . 

,~: . Cu - froc s GR - V.'e.t,'.. r . !.t r.bont five: mi::utts br. o ru the tiMe o1 
~t di''ision. , C.)r'.CCnt.T'£ i.e t'lO mcr.1br::-.nr - less < f'GS in thrJ CCn'L<.r o f' 
dish bye ·ntlc rE.volutio'1 of thr. cli<~h (t'1e ccnh. r of the dish 



Sfec ifi~ :=nerac tins St<bs ances vf :!.:: gs ancl Sperm 

F. ! : . Lillie (1912 ) demonstrated that ripe eggc of irbacia and of 
:ereis give ::>ff a substance, called fertilizin, which acthates 
and a sgl utina t es the species sperm. Similar fertilizins have 
since been reported in many species of L vertebrates and they to 
£'3 ther wit!: the antifertilizins fr &Li sperm with which they react, 
have been the subject of rnany investigations, of ~hich nost of th~ 
~;~e recent are listed below along ~ith some of the older e • 
~' l.r" pr e:>er:t exercise includes r.10re tests v:it •. , this n:a erial than 
r~:1 'ue corr:1leted in the tir::e allotted. Onl.r th s i:.pler te ts i. 
•· e first _rart of oac:~ of the follG·:·ing sections s:10uld bP undor
L .. -:en d·.1rir: g the class pe riod assigned to the 1;or1c . Tr..e addit.:. ru: l 
-~~. terial is presented as a gu idE:' t ~ furtJ.1or ·::>rk f r thos who 
:• s.y elect such i r.vostigations at the end f the course . 

g_Cl?ipmep_t ~ - 4 finger om·11s , 5() s yracuse disho , 1 graduat · (l0l 
:d) , 1 g raduat ed pipette (5 .. 1), 4 ordinnry p pctto (drol-pcrs , 
~large pipe tte (25-50 nl cap . - 25 - 50 ml ruu~er b lt), 2 
centrifurc tutcs (15 rr.l). 

Solut. io:1s : - 1 liber filtered sea wate r; 10 nl Li H-1; 10 r·l In 1aG:t 

Fert il iz in :- Obtain ergs and sperm of t-.r ·a cia by ne of tl e us·u.al 
nwtt;o·as:-·::e .. sh the eggs onc e and concentrate the Sllspcnsion t abo'c 
25~s by v olume • • ~ f ter about 15 Pd.nutcs mix 2 L1 rops of tho supornata .. t 
egg v:at -: r v' ith 2 drops of a 1% sperm sus •. onsion (on(, drop of 11 dryil 
sporm in 5 ml of s e a water) and exam::ne "':ith the micr-oscope . rJott 
the agglutinatio::l. of the sperm and , a f c,·; :r:inu.tos lat ..__r , tho r .:'-
verso. l of the clun:p ing . Are tho sperrr. still mot ilt.. aft....-r rcvcrsn: ? 
·!. a 2 dro1~s of a stronc G£SG -watcr (in which eggs :r.avc stood s ov ral 
·.-.o-J.rs , or ob tained by acidificat ion.-sc e bclm~) and to 2 d rops of 
sao. water in a contrel dish add 2 drops of l~ spLrm. Afte r rov0r 
s~l of t :--.c a g.c;luti!wtion o.dci 2 dr"ps of oc.:,c:; -watcr to eac1} dish . Do 
the reve rs ed sperm r c -agglutino.tc? 
?::- 5 ml of n strong crg-wutor and to 5 :ml of £t control dish of 
308. v·mtor add l drop of 1 dry 1 spe r;~1. Sha:~e tho dishen . ·;:hat differ
once in behaviour of the drcps of sperm d o y ou obs0rve and how do 
y~u acc ount for it? 
T) l ml of a stronr:; &gg -wa~er rnd to 1 ~nl of a control dlsL of 
s ea v.:ate r add 2 drops of 17~ sperm. After ag.slutinntion has r eversucl 
add 1,2,4. and 8 drops f"1'0m ea ch to dishes containing 5 ml of a 
dilute suspension of eggs (about 10~ egt3s };Elr ml). Determine the 
pe :::'ccntap:8 fcrti lizo.tion i E eHch of the 8 dinhcs . IT&s the c~g -
:,v a t e r tru~ tmen t had any t: f.f e ct on the f 0rt il iz 1 -;g pow e r of t h0 s l·O l T.! 

Tit~ation of fe rtil izin solutions may be done by tcstin~ surinl 
c2ilJ.tions of the solution v·ith a standard sperm nuspcnsion , 'l'hc 
C.ilutions may be pre pared with an orcHnc..ry pi!Jottc (dropper ) as 
follows:-l lucc 2 drops of s ea wat e r in un ch of a set of dry dishos . 
Add 2 drops of egc - 1ntcr to the first dish, rins e the pipe tte 
wi th s ea '!D. ter, mix tho drops, drnv1 up r,1os t of th(; mi ;~t,JrG , o xrol 
2 drops i.nto tho second dis:: r~nd r ctur!1 rc!"Y' Cinder t e th e fjrst dish. 
rtopoa t t :r.is proc edur e with tho succecdinc dishcs . Thon add 2 drops 
o f 15:. s por,·n t o G a ch cl ish and oxomino n t oncu , 'l he first dish con 
taius a f'rtlr -fold dilut:'L cm of tJ-, ,__ egg w2.tcr, tl'10 secane] l.,ig~t fold, 
etc . The ferti lizin titer can be expressed as the ~rcnt..__s t dllu -
ti on of e gg -wr to r thn t g i V G3 & micros c OlJ iCt 1l·v- percept H~le 
a3glutinntion reaction. 1itrn tc your ~. G water us1n~ l.,i{~t 2 -~ald 
dilutions. 
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--..:(:,~~-Cv CC!".Ct.r!:.i~ -r.hc .,C...!l'CG c·f t::..: f,.r . ili:._n r.:~.y ' fror.: 
:,...., :c ~c.-:::..T:~ tc.~ts • ....::1··-:c' :-.b:.' t 8 0 ~1 cf ~ frc~!1ly 10'.· 
rr:t: ~'J.Sl_ .. !"1S:_On .:.n t•.:o C(}Uf'l ,i-0.::-"tS r-,nc [,"';_~::_fy 0.1. l~~r 1 .. : to 
~:5 (!"t.o ::.res t~bc: t 1 r:~ of 1:: ~:c1 1-"r 1:)0 ~!l) . A fcv1 :.:in,lb; 1". or 
dr~';; ff 50~~ c.f S'.l: r:-:r-.trr.t frc::-. "f~ch \.. i"h, .. u t:-r .. i""C L.C' ~cic: .:.c;r;
-·~'::!" ·· :t~! _. r.. -~·11 ~f 1.: ::c:, ,:: E'. r:c dc.::cr:-.:.:.t· t .. .:. fcrt:liz n t t,,r~ , 
:.x'::'.Et.. t . . r nci ·L-trcc,tc.d -:-_ggs \"::..tL t~c -r:icrosc~-:·1-'C t;~ note t::~ r.b o c 
cf tl:~. gelatinous c..:rt . l·r'-lt:>:~ lizc :-.r: ·:r-sh t~.L ::.c:.a- r'-[:tc, t.u;;s. 
hft<-r scv-.....rcl _lC'.lrs detcr .. :i::e furti2!~in -::i.t<Jr ~ ... lont; \'lith th-:-. t of t1 
si=il~rly reed control . Acidi y tho control tc 1J 3 to 3.~, d~rw o~r 
t!".'- ~~ l,r.:Lrnc..t::.nt, nrutrr.l.:.zc "nd cct"ll-rrs its fcrtili"' n tit'cl' ','1 . th t~1, t 
cf tl~c first c.cid -C[[ -···nt~..r . :!:s th .rc €viccn-~l of s<..crct::.cn :~:' fcr
ti l.zin b~r the C£~!3? ·::r,t is the r.r1c.rcnt s .... l!"'CC •)!' th. f .rt,iJiz · n·. 
r:c tes t ft:r .... ct:~.---~.:in[" "cticn (.f fcr ... ilirin o.l!.ov: 8. cLl,ltt. (1<) 
sp0rm s·J.srcnsic.n t.. st· n....! for 1 !J.c.ur or until r.wtility h[~S de~ l'd\S< d 
ccns:dcrr·bly; tl:cn c.dc: 2 cro1-s of n. stronr ccrr V'f'.t( l' to ~ dr:>1.s c-f 
scr~ \i£' tcr. .::xr:-'li -:_(_ th t\'1~ ':i.sh(..s ~l-~ cr--;sc p::..cclly c Ld note ro f:llly 
th" nctivit•r cxhibitt d b r t:h" :"f'Cl"'l'ir.tczo~ . A' scrpthn tv8t" mn' 0 
mr.dc by o.dc:.':nr- r. crmccn".:rc.tcd q ·• r:-:1 sus~cnsion (lo·.~) r,r ~rc·r~··,-r) t . 
c.n cqunl ,_. lu;~( cf T"'.r•c:orrtcly stronG crc; - '.'"L:', cc. trifH r:> :'f'tcr 1 
~cur rnd tc"'tinc th( SU}:.Lrnr.t~·nt r-s well rs ~ ; "ilrrlv cl. lutLC~ rtlll 
cf the Of"f -Y:c.tcr f0r r.r-•::)1ti r.".:inr:; r-cti.··n on .'U·1e (1) Sf' 1'1 . DOl~ 
2-bsc:n.cc C'f c.r~lntinnting c.ct-ton ntccss~rily "':c n bindinr of f(rtil.z n 
by the SfLrn? ·.:h~t ether tests \JC'1lc be n~. cccs:-'r~r? c-pt cificity wny 
be cxr.mincd by tcstinc frbocir. fertilizin on ~}:.. rm cf closely rclnt d 
and dis t c.ntly rc...lntcd c.n5.!:-!£>.ls , th' t r.r0 cvc.ilr.blc in the l •. borr.toryl 
V!hcrc rcr. c ti::ns c.re: obtc.incd cbsorl.) tht f.rbo..cio. ccc -wo.tC'r VJith th 
for c i r;n sr-crm , c.s des cr ibed .?;bc·, u , :::md t0.st the SUJ:..Cr'12.tr.nt on both 
Sf0Ci0 s end fcrC'iBn spL r m. 

Ant ifcrtilizin:- rl'his r.~.tcrirl r.1: y be :pr'-r:::trt.d frorr1 r. ccnccnt c.tcd 
( 101~ cr [;rCC, tc r ) S purm SUS pens icn by ( ~~) free Z in[ l',nd thm'l n[" t hu 
sus pons i cn , (b ) hcnt i ng tc lOOOC fer ~nc --:1in.1tt or (c) ncidifying 
to pE3 . ~ho treated S"--lspe:nsi..:n i~ tl:-.c.n centrifuged or filt •. rcd n.nd 
t he supornr.t~nt or f il trC'.tc ':: i l l bL: fG'lnd to contr.in the o..ctive 
mn t c ri o.. l. 

'l' o demc.nstrntc: tlK P.£r;lutinnting r, c ticn of rnt- i f<.c!:'tilizin odd 2 
drops cf t ho solu tion prc~nrt~ b~ m0thofs ~' b, or~ ~o 2 drops of 1% 
sus pGnsicn of f r e s h l y 'n:-:shcd <..p:gs . ShR.J:c the d:Lsh st..vC'rcl times •. nd 
cxc.min c mn cros ccpicLlly r.ncl r'licr8scopicz.~ ly cflcr 1 to 5 minutes . 
Nc t c t he f or mc. t ion of r. _l.Jro c ii ... it<:tion ncmbrr.ncc· nn thu surf<~ c- of t he 
gc l 1:l tinous cor.t uf t he C[.g . 
·~itro tion of the r ntif0 r tilizin i s pc.rf( I·mcd. in t~c mcnn~. r des cr ibed 
~bcvo f e r f e rt i l izin . ~repcrv r sc.t of 8 twc-folc sc r irl dilu tions ~f 
2 drc,ps 1J f t _(, c.n tifort il izin sc lu tict; [nd rC.d to each 2 dro1s cf r. 
diJ.utc (ca . 1 0 0 cc,c;s pe r drcp ) freshly wrshcd , t;f[; sus }:.cnsicn . r:xrmino 
Lt ..:YJ.~C C.nd [,£:':'.in D.ftcr ·} hcu r . lJctc Ciffcr(nCC..S in \',· idth of tho 
gcJ.ctiw·us c u:·. t c.nd i n thu prc c ir-itnticn m•.1:1brrn cc in the: c~iffcrc n t 
d2..1'J.-::i ,:ns [·nd , _t d i ffc r crt t :i..rr1.c.s . Tho c:nd roint mr..~r bf' tf.kcn c.s thc.t 
rHluticn hcycnn --1--..ic h r prcclr-ttr.ticn .e::->'l.: ·rrr:c i~ no lC'nr·cr visibJc . 
!c.t~r,..,ir<c thC' t~_tcr :.Jf yc-..lr }lr -! p ' r':ttii..n . 'Ju r tr1c. ogg-o..u"J'.ll ino.ticn 
~c.~~tion rcvc...r3 sr .ntc~ccusly? 
:o Jt...Y":L'nstrr.tc nuutr:'J.~. z a tj_ c,n .)f tho fcrtil~zi.n odd 2 clrq.~ s of str(.mrr 
nH.r-,·rtili?in :.;clutH:.n tc~ 2 ctr·ps of r m~dcrntcjly stronc; cc;c - "mtcJ.· . 

trq r rc C. CCl~tr( l of ~~ dr'~·.t-8 of C[[. •,:f'.U ... r plus 2 dru}:S cf 
sen ':lr.tcr . /.fi...cr -~._c-ur r.de 2 drcp~ r_f ,- 1~ cp'r m ~.-uspcnsion 
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to ';o'th dis: .. cs . 'otc the dcf:rcc nr,.:J cur .... ,t or: of thC' O.t;F:Ll.tinr.tir 
:-vr.c·.:lor. . Titr2.tions r ;:,y bc parformod v•it~l d'...lpli ·~. tc E:crif'.l 
d:::.l·J.tions of t!l.o ogg vn:t ..... r to one sot of w: ~c'. is [' de 1. r. c enstrnt 
:.r.:our: -c of tho r.nt ifcrti1 iz in so~ ut io1. \.'hiJ. th .:v!_;hor go s r.. . 
t..CT:l '.ol:.:u;t. of sec. v.r.ter thc-.1 S}-€rM L6dc:'l ~.ft - r 2 ho'~r; r Yiit .. 1 
d~pl~c~tc s~ri~l di1 tio~s of t~c ~ntifcrti1iz:. 1us con~trnt u~. 
..-·~ t r t onc sot ': nd s oc. , ... ~. tL r t tbt- otl:c- , t·1cn g, c. :1d0d ~ ft \ r 
~ :~ ':>llr • 

c.--:· ..; r. r, :· . s., 1932 : .. :rit . Jo'.lrn . E.xp . bio1 ., 9:253 -263 
";o:r· __ ~,nr: , :::: ., 1°40 . Jio1 . ,_,u11., 8C:2Q2-20' 
Frc.n': , J . :~ ., 1~39, :.io1 . ·:u11 .,7.3;190-216 
.., ) l 91£1 . 1 .l. , 1 2C.-3'"' ~ .-LT_r.sc.r, I .,- .. . 'lO . c,'.l .. . , ~'~ o· - .) 0 

C1u;c..r , 0 4.• 1 321 . 'S io1. 6-:..;.11. , 41;63 - '7 
[~.rt::l[.n, ; • , 1 040 . ;Jc. tur·:1 iss \..n:J :· · .2. ft.- n 51:807 - c 13 
::r.rtrnv.n, · . • , =~ . J~U::1n , o. 3ch.:.rtru "'nd r:-1 if.1lcnfcls, 1939 . r.rtur,·•js 

::7 ~ ·130 
~ - . ' ~~ . :~:~J;--:1 , 0 . Sch'""'r tc~u .::1d I<: . ·· .. \ l e.~ cJ .. ) , 1P40-:-tlr~t,l.l' 'ic 

i::£'~144 
1~ . o.nrl O. 3chc.rtr~l, 1':139. 3iol. ~. ontrf\1~ 1 . 5 : 571-7 8'-

0 . Sc'!:1r.rtc.u c.:d 1\ . ·, c l.l<·nf.:.1s , 1J4C . Siol. Zbl 6J:308-
P.nrtm. n , 
1:." J 
~ .. nr cmnn, . . ' 
Just, E .~- ., 1 015. ::.:.iol . Bul l., 2E: 9Z - J.i4 
Just , i... . : • , 1 Cll9 . Iho1 . T~ul l. , ~"'>6 : 1 1 - 38 
Just, E • .w ., l'J30. lJrotoj_)Jrsm<'-, 10:300-3·~2 (c. rcvi<..\J) 

--42~ 

Yu:n:1 , :t . r.nd ,,-. ':.rllcnf.:.:L;, 1939 . ; __ ..; r. d 1-~Jr' "l ~"lcm ... cs 72=11107-1113 
Eul-:n:, £1 . rnd !C . '·< :11Jv·.f0}c , 1940. B_, r c~sr•'_ C::.cm Gc~ . 73:458 - 464 
Lillie , J· . R., 1912. Scir;ncc, ~)6:527 -53Q --
Lillie , F . R ., 1913. Jou. ·· . E·_p . L.col., l~'~":c:.,l5-~74 
Li:_lio , }~ . R . 1914. Jour . ~.xn . Zocl ., 13~523 -589 
Lill. ic , F . :-:. . 1915. Biol . Lull., 2Q: 15.::33 
Lillie , ::-' . ::\ . l 'Jl9. Fro'.Jl• .ms oJ:' Fl-rtizco.tion . Univ . Cr~ic"'.n·o Fross 
l • 1l • t.' -:J i • 'I . .._ 'l 1 ~ 0 '1 I') 3 l _lC. , _.\ ., .1..lO.~ . bU-'- ., -'. - ..., , 

U.~.2~c, ::.~ . ~ ., nnd F . E . Just-, 192~. Y.crtili;><,tion . J.n Covrcry 1 s Go·1. 
Loeb , J. 1914, Jour. Exp . Zool . 1 7 :123 - 140 Cytol 
Lo · ·b J l9l"' ~~-r>·c r -· ~t:, r --1; ... -~- -7."::1·257 - '-'(5 

J ' • - V , J;J..,;. • .. , ..,'. J vl, (.. .J.. , .) l.J ' :1. .j C I,....._; 

r.:edcr.:, ? . V. 1942 • ._,.;ol. Zc.;1tr'·l':'l;" 62:431 - 446 
1"ctz, 8 . b . 1942. Siol . ,··nl l., 82 : 116-45~ 
. _. r. .. 1 ' c::. • • 1 - .- 0,1 1\.0tz , -' • b . 9<tv . ~-J.O . l.."t:.ll . , 89:84 - v:L 
~ontr.1cnt5, G . end 0 . Sc~-.! rt::u-, '1 911_1 1-u1:Jblic:::z . Stnz . Zool . '~rpoli 
~oor C' , c., 19lf , J~ol. ~ull . 31 :1 37 -180 19:48- 55 
'ftoorc. , C . 1 917, L · o} . • Lull • 33 ·225 - 295 
Yo;.l1.1 Y":-, S . 1.''24 ScL ~t : , • . To~-ol~u Imr . un5.v . 4th 0En•. Eiol1:03 - 87 

ict:.rrds, A. "nc A ....... ·· o ocwC>.rc. 1 1 91 b . -6 io1 . Dull. :?8:140-148 
·.J.nnstror.l, J ., A. 'J:lj_scli.us r.nc'l . .t. . Vr:.ssc'J .. r 1911.~ , A'.."'k-:f . T{u~i 151-1: r-.' : 

'" . .J."lnstrom, J., A. 'I'i scllus ·ns ~ · Lj_r:iv:--11 ,1041 .turc .l~~~ 016,1-18 
tunns trortt, J ., J-. . ';. is c li'Lls c.nr~. ;:; . Lindv~~ 1, 1~4.5, Arlr . 28Pl 

f. Zool. 36 :.. :i· :o 22 , 1 - 25 
S.:::.tipson, 1-' • ... ,J 192~, Biol . Dull ., 4.3:26? - 284 
South",vic}r, , .. • •· .• 1 939 , Biol . ~_;uJ.l . r•7:l47 - 156 
·r reo , A. 1926 . Sci -::;Gp . 'loho]ru In~-.-rJ_.5_v . •!tl~ st-r • .Dio1 . 2:127-132 
'1'··] A 1 0rz:< -;-, ·.j. + t·· ~' ' nc:: ···1~· 323 -J.C r, • v•l'J 1 ~roc . 1 ..... . . >C <O • '-'Cl ., <v•O r -
r' .. -1'1~ t l·)~) n ", "'OC 1'· .._ 'C' -'l ..;, , _, "r:>c:. ' r:)2" 528 

:· '-' , .... • t.l'.. 'J' -- .L . • l., v • I. - .,; (. l .1 • \" .. . ' fJ .._; • v-
:~,.lor , A. 1940, Biol . BuJ.l ., ';·8: 159-178-
Tyl • r, l· .. . , 19~0 • .!.roc. ''Lt . 'Aco.d . ~ri ., 21S:240-256 
I~r} c r, A ., J.9L~ l Eiol. JuJ. l., 81:190-20<i-

:.-J • .. "..."' 1 A. 19 .. 12 , ·· u~-t . J01 .. P'n . Surr:. Oi~stct~ l-: Gynoc • . so :126-138 
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Prcduction c f LX Og2str'l:. lue ir. Ar .... ~. c in c •. .c hi:-t!"lrt~ chnius 

C~rt H· rbst in 1892 discovcrc 1 t1at trE~t~~nt of de v c l in s ca 
'J:'Ch i!1 0:_rs ·:i t h se[. '.'JU u r contllin::..r:e 1::.tLiu .. salts rc ... •tlts i. .• 1. 

:':>!'~ •. ::i ticr. of cxcr;nstr. ~rt:.. ~r:d ether rch:tcd t::1-cs of £L .. '""'Cl'".~~l <::-'br,·os . 
';:.i~ r:.~~s bcc!1 t~;.c sub ,~ cc of n :nt:rO'"lS t.nn-"t .-:..lltions s:r.c~. .. ,tt tim 
(:cc ... ."-:ilc , 19t;.O, 194 ; LiPc:<-.:1 , 1 0<:C .:nC'. y01 r e·q<ri:n b. ~ .' ry lo.,.y 
:,~:;; ts :':::r ~c·~~1ctc r cfcrc.nc r.: s). T :~.. CXC'f~St 1 • r.t~1 · a t 'on of thv 
:!. · : ;_.~,, :1 s "!.;,tcri-rct~d l'.s r.. resu~t of r fl nt.r~ 1 \·,,rctrli;::['.t ~ . of 1"!1·~ 
o~,.. in '•hie~ t!":c YC.[Ctal , cm~c·cc::':i~ 1 ~.::l~ r.:, · .... c::y.:nl, n-:.t<.'r.ic.l in
c._...t.~. scs ~ .. t tl1c CX!Jcnsc of th~ . G!1it~l , cct cL1tr ~ .. 1, lnLt"-r'-~!: 1. L:tl~~~:r ... 
. -, ·nt s ;nry bring ::._:>ut this cffc t b·.lt ncn· c.rc , c.r yot , k .. r: to 
-.:t·.:- cs ccn3is c.nt l .. L0"l~ts t. n lit: it~r1 . 

zc:,:ip-:cnt : - ~ .. c::..~s)~'r , ~)l:u:t · f-rcrps , G11 S". c::.~G cf c1<. c l't;l , ~ 
fir.cc r bC\'.ls, 12 s:rr:: c·:~t dl.~;h~ s , 4 st-.· ~;c: ... -r li~h..;" v::i.U _i c~ ~. 3 ::>l.:.c~cs 
n:1C. c ovE.rslii;s , 1 ['TC(~uctc (ICC' r.1l), 3 or<:.:!.11nry pi,ctt,r. , l 1<..!'10\': 

l:nr; -tipJ- cd r-:J:.~ctt<, l fi:;o ::fctt~.- . 

Soluticns : - l J.itc r f:D "'..r. rl'C scr, '.J[lt<..r 
50 ::1 Ll -s c· - v:atcr (20 r:1J of n/2 : ... iCl .... 00 r.J '1~ 
' .'rh. r) 

O~.tf..i11 errs [1!1c9 S~Crrr! cf" /',.,~~)~C;Cl 01") ,_f = C,it~~l l~cc '1 u 

in tl1c 1sun l .·o:I · Ir3 ~.:--:.ir.--t ... r fGir'l~r lc. r' rc :c!:~l~ cf' ~11( c ~:r~<"' 111 r .. 
fin["-: r bov1l • .A. t tllt.- t i:1 :... c..f ; ir·s t clcc,vc r;t.. tr~ ns.:' c r n sc.r1-lc of c 1-
s-,;,t r c.t·.d cc,r;s (\;ith not ncr~.- th:--.n 1 1.1 oft' r t wn.tl'r) tc n f.nf"c r 
~):;.;J cc:1trininc: r b c~i.t SO r.1l of th~... L:. - s._:c, -'::c.t~...r ['nd , at ht Sfl'l( t.lmv, 
- , .. ~,.,.. J·l ~ r ., .... ,.,., ;l;l'"· ~- r· ,. ,., ~·- trol cli "' n cf " "''·'Jr.t r"' Aft r"' 4 8 ·1nr, ~- u .,;. UJ. . c., \...., .1. l j:-1 V L. .., L- v ....; .. .o.. - u .J. ~ . U '.._. t. ~ V .• • \... 1-.J ' 1 . \,...4. 

12 J:ours tr:--n"'f<...r sc.r-·,1-J..~._s (cc· . 0 . 5 .:1) t •. r c ::. l,h thr~...-<.. CiS}l <> :... f 10 ml of' 
syr. v·r.t~. r r.:-Jd culture in 1:.<: 1 ~ -filll.o , c . .~.·c r ... ci , st\..:ldl-r cUshcs . 

D~.iv<..]c.}-~'-l".t:- Obs l. l'V<.. t:1• LfES c. t vrri ' us tint.-s d1 1ri r- thv llth
iu:. tre:a tr.:c nt r.nd cc· f.D. r i t"'J.,,ir r.::-.tc r.n0 fc..m Gf chc.v·1e:t.- with the 
c r:·n trcls . Ex: r1in\,. the cnl turl s t wicL :"' dry c:.urinf th ... nuxt three c1rys , 
~,!1C, ske tch vc-ri(.;US type C" cf < xr·sr.stru.lr.c , noting inhibiti· n c.f d~...-vt 1-
:)j_Jr~cn t nf c r ms r. Yld , · ct r,rlc r:-~r. l structur· s , trj_pn rtitc structur~ of 
:'i'~l ntcrcn , t..tc. 'Cc.. t crl1'1:in ... the r.pl rcxir.;vt_, prcportic:n of n ::;rmr l t o 
r:.bncrmr.l cmbryr·s in the four cultures . 

Li - trc·rtmcnt of Is •J J. p t ~_.d l!!li::'l: l I~r1.rt s . f,n imr,l hclv· s of sca
urchi;, csrs ir', .lf'.tt.Cl in t!-:c (J - cr l G- c,:ll str~c;c fril to fC.st ru1['.tC 
g'.YlC' rnJ.l:.' fvn"l:lr.r. 11 D<::'..lcrbl['stulo.c 11 • Vc.n Ubisch (1029 ) JCJ,.dc. trc 
int.Lri~ :Jtin[ disC~\' .... rin~~ tl::::t lithium tl~cr. tr.~.._nt v;culd cnrJ·'lCJ :Jomc of 
t !c anir.1Pl hrl~cn t o dc~llop j n tc n~rmal plutLi . Stud~nts ~ho nrc 
skillful in ::1icr c:' - d5.ssecticn P".<ty s:ll'Jstitutc thjs c·xperim<'nt in place 
of the:: o.bo-.. ;c , c.ft,,r diSC'l.tSsi;:f c'll·L l ls of prnccJdurr V!ith the.; instru ctor . 

Rc;fc r cnc c s:-
.:::hild, C . ;.: ., 1940 l>ysiol . Z (~l . 13: 4 - 42 
v~1ild , c. i.: ., 1 •J4l . l::ttcr"'!G ~.nd }'rcb l (i.'S of Dov ·-10]::-:vnt . TJn:l Chic . 

~=· :-·bst , C . 1892 . Zc- 5.ts ·~hr . niss . ~~cc;l :i!"'; : LJ1G - [,J.8 h·c~:s 
Lincc.:!-11, r . =· . 1 910 , :.rch . :-rtv· . -r.vch .~ltj0:1G8 -J 94 
1.:;-.c!'rthur, J . Vi., ] 924 , J:Ji.ol . :·u ll , 4G: S0 - 87 
V·~n Ubisch , L . 1 82<J , t.rch . l..:-1~':: . -:racch . , 117: 20 - 1 22 
TGmin i, l . , lJ(3 , I::·rl(: lnstitutc. Lr,r.1".-'"l'dC (!Ud . sc; . ) 7G: ''G3 - 392 



s::0'.1ld fo~lo•:t the circu.:-.lfcrcncc of n c rcl · r.' 0' t 1 to ..... en. in 
·io~ctcr) nnd tr2rsfcr, ~ith t~~ n~~ro~ ~onG-tirpc _ ircttc, o son_1e 
cr- tl:.c Cf..:[S •::it~ less t1:::-.n 0.1 r:l of sC'c.-vatcr tr.r01u:-h of 
_0 :-.1 of 8r - frc.c ~,.;~-v·r.tcr . ~x:--.roinc, un'"cr hi ·h po··cr, 
t~-- c,:cs in the .::::~.-frc~ ~en '"r.tcr r :d c::>t-:1. vr- t :-;:r cc o: 1 C"'< 
:.c:-rr ··;:.·."' t·.,~.t of' the co:1tro1 cr,:s . i\ftcr ::o to !~0 m r.· ::.'C".:'I'~-
:::.. :::~r:p_c -c o c. C..ry .i:!,:-.:r bc·.-.l. lf .1.~..' '.Jl'"'.st-o:· ·r ... s he. ·t, ·-:C't ~l} ,rr-tt d 
d r :-· '!" : :-.. c s ~ :;. L Y'[: ... :. c 1 :r i "!." r n d o 1 t c f t he I- · _ c t t c s \ t, r :--.1 t i:. .l E" • F · 1 ... 
+-·_,. b-:_,.,: ·:·~-::1 sec~ ,:;c...tr;r r:nd rc¥'\sf(r to c ~J,.c~~d.cr c · .~ .rlf f 11(,"1 

f ... c~r sc::-. ·:;:::.tcr <::ilc co•.·~..r . ~h~s ·;i1..1 S•'l'\'t, :-.c ~- .il]tu:'l o' 
:~ :.r"'t".r.. blr .. stor.: ... rcs c.lons ,,itl1 ~or:tc ,:~hclt. c <g~ . 

---.:: ~:o'"7i res :~roc-· ti~ .. : s::-:~c c.::;e; pick out c-f t _ Cc. -frc:c~ str. v1r.t ~' cl ."'1, 
:'1_:,r t'·- Cissc.ct·~.f., '"'<crosr~Ol-, 1 '=c'f"S i.. \'.:. cl. t -:t: l<:"to;::~rr" 'll'C 

,~:.:::.1 tuct..t't. r or r.rc close ~nc·'..l._s ... to~c~..'-.~..r to 2c 'CCOf'1JZL.c" r ~·.:.tn· . 
J.,.-.~nsf,r u-c~ 1--~:r [ lone "t·> r. ··hol e 'rP" t~ c. sq.:-:rctt: cr~ ryo ,ro·u,J 
;·-..tch t;L ss C'\..:'t[j ring S<...f. \'lf.t ... ·r . If t~- blrsto:"1 r, s of t'bL r~jr 

.,.,L.rc not com_;1ct ~.Jly s-....:rrr.tt.d rt t .. c tir·t of "clc tor be c tLt, <~..,. 
in th· .... cjc~ r f c\'' ti:-:--, ~ or sq.['r:--t€ t:1c bl:-.fltom .. r ,.s of c 
rlrss n , LGL bcforl. trc-rsfcrrinro t-. t::.c fCc. •;;rtcr . A+"tt r C>D• r tp (' 

c.:!.t.~vc.[tS r.1ount p.5rs of ~.E"oJr. :d bl~ +;'-·;•~crc. s rlonr \"it> r \;.o1 , 
on C"c:b. of h·c or thrc, of ~,( v ~cli!'-: •. - r5:l:-,'c~ slic', r- . 'J'o lc t .>~ 
r:....,c~· L ~~ :"'r. ll c1 r o ·. ror:tr i:-:lnc t~'lC ~ r-rs :ir. t: < c nt r of t~'- r·· .[, ''(,J 
"· ('.o,· cr~l'p ~nr1. press it c1 o•·n "'0 t. 1:::t. t+ t:>td1t s t 1<. d:'CJ <.'n<l, ~.:0~'~· 
tir·uons sc.:-:1 i~ r.rr'c .,2.L: th. v~:8 .1 n·., b.lt rvcitl 11E'Yinf tli· c:ro· 
t 0..:c h the· "-J[ ~ c l inc . 

i3, !>n. ,rton:lc s .... r - \ .. ~.t•r • . ':it , t 1)s :~· ~~;cd , th ut~ ,s (cnc clri... •) 
':'( ~lc.ccd in t ... l.c ~ol-.:tic"l \7bcut 10 PJl) \·h--1'1 !.1C8t cf t'.(i.l hr. c jlt.:-."l 
C<...·F-!:lct,·d t.K firf't c:l,u.v ::O£":t b.lt lHfor ... :1: :::ir-::1 G\.-l'rrr.ticn of th· 
"Jlrstur.:(r, s r.cs occurr<.d . =~x:-l-:linl, under :1i[.ll po\':( r, r "-"rlllc of 
L\~( JCf0 i n the. hyrc:..~tcnic s·:-..luticn r.nr'l net'- tb; cff-.;ct on the: 
·:··--;1;1:- sr-:ic lr.y~!' . T(Jn T'1imJ.tcs lrt•r , tr:-nsflr tlx errs '-''it': c. J:-~~ni
_;v: .. -.m·.ur.t cf scl tio:1 thrcu.rh t ll'C:C c:l.irr s rf ncrr:['.l sc~ -\-.'[:tcr . 'l'l"'.C 
'C!'<r.::'!(n t , if succt...ssf11 , crus<c the cctc,plc.sr.:ic 1[.y~r , by "'hich the 
t· r .)lc.stcnLr,:;s r.rc ju::..n,d , tc- bcc.:.:.mc. thin c.r·l"t c;c1r.t ncus, e nd t1o 
';:,•."o blc.stc:-:-~crt,s ere ofJ .. cn •:.·ldcly sq . .:rotcd with cnly c. thln filn bc -
tn .. c n tl:-.,-.:..m . Such ~.:-:irs r.:.ny be cul V.l r, d : 1 Gn[, Ni t 1• control v•hol~.. 
~;.,p~s , in f J'1hryolcg1ccl v'r.tcll cl['.sscs r:.nd en vcs<.;li~1~.-ringcd sl.dcs 
L.'' dcscrib\..d r.b0vc . '2:'hc y r.1c.y be picktd out et n lc.tL.:!.' "to.c;c of d~.. 
vtlc.p:~cnt sinc;c the p~i.rs c;t:or.crr.llyrl:nr.in [, t [lcl'.cd by c thin hyr1i.no 
strcnd until they r-.r<:: <>v:iT'1T'1j.r,r. blr.stulr E:' . Only a fcv1 twin bl:1stuln 
r.rc ordinc.rily 0~:trincd b7l this method since the croo.t P1C~joritJ fuse 
t ccc t;Kr durinc, t;c.rly c. c.v..;lupmc.nt . 

Dcv( lormc:1t . Observe rnd sketch tlv icol~·tld blr st'J!'"1Crcs in 
their 1 -, 8 -, ::- nd 16 - c c 11 s t2. e:;cs . ho.'' m~' n~,r r1ic romcr,;s r ru f' om ·d r· t 
"'l:ct stcgc? D •;<..:8 th, isr:ln .... c1 blcstc-:Jcru cl~r:,;c os thcn{"h it v1cre 
still rcrt cf c. vJr·clc err,? J; t tl:c o~..rinilinr; of r,r.strul::-tion fix some 
" hr.lf 11 -C1.br~rcs r-.nd '!hole ~:.nnbryos in 5~ f:.rnrlin rnd w:rs11rc their re 
spcct:lvc rH; ,\.'t:L r:.:: . '.:hc.t f'I-1 roximrtc !'rtt.io.s f"'ro obtc-tncr1 for their 
rrsr.-r.ctiv'· vol'U'1< ~;, surf~'.Cl r rcc~· rnd V't>.J l - 1..rU.clc1cssr ~. TxrPJin, c;nd 
sl:.: tch the c:::brvc-c L t h~ co,.._pl.:.. tcc1 r_:r strulc-, 1.~ rj sn "nd plu t c U.3 

st['r.:tE:- . ')c tr., 11 hnlf 11 - cr'l~)}'7CS dcvcl·1r cL tlc srrJC rr.tc ,..,3 the con
trc~.s? A'!.~c t'l.G 'J- .... lf 11 -I1~lt;i c• .... ::·!Jlctc n ror~rc1 to r:ll structures 
c ccn in th(· :·hoJ.c plut. .... i? D .. t·.rr1~L'1<. '··hct:-t..::r or nr;t bc•th !Ymbc:rs cf 
t. 11J pc,irs of i:~ch.toc~ bltsto:-ncrc:J f1...!'1:1 '101'!:-Jnl plut~..i. (0cc• I:r~r~>trd us 
1930; ~yJ.cr , 1 942 , rnr~ CXlJ('r irlcnt: l cr.:.bry,)1o-·:/ texts for furtl1ur 
c.no.l:rs :i.s . 
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.:.st.oric.s f-..r· esii (~r 1 .... V'..llgcris) 

A) 0 , t .. ir~i!1g ,_ . r-. ::1~ teE", , :;-.::-. turr. ti...·r.. r nd f .... ~rtilizn ... ica: 

The sexes ~r0 ~cp~rnto in Ast~~i~s , tut ll is not possiblo 
to cl.istinguis~1 them :.. n the c.siD of n:t~rnr l chc.rc-..... tcri:::;-
tics . Gr.ly o.nim~,lD v1 .th scf;_;, b;.l.l, inr·· ,..,1ms ::-r 1 1.lly 
ripo, ".nd it is :: ·:1u: te cf' mr. t~.. rL· l t: open sm~~ll , l,r·~rd-

skinned stcrfish in ~n ~ttc~pt to obtri~ g~mutcs . Fill 
two 1750 cc . fin~ar bowls wit h clcnn sea IPtcr frun a 
2-litcr fl::tsk in ·1hicb tho scnir:·~:nt h".s bo ... n permitted 
to s cttl8 b~r o.bcut f ifteen minut'-s cf st~~ndin ''" r.ftc ... 
wi"ChG.ro:v:r.l 0r the sr_•r. vJo.tcr frc~:n 'cht-- tc.p . tith l a r cc 
scisscrs , mo.l:::o ::~ s:-:1Pll punctui'C in or..o r.r r' cl0so to tho 
di<lc, c.nd pipette r. fo '' drcps of ~' · lls frc~1 tho c:o::8.d 
to r.sccrtt:d.n. t he sex :.:·f th'; C'.r:..i,-.:::- 1. If tho f.ni:-no. l is 
a ferr.r..lo, rc; 1,:vc this :::-~T'l..il ccr.:pl ctel"j• , r.nd slit it ... . lc,ng 
tho nid~dorsfil line to cxp0sc the hulring p~ir of 
OV[.rios , of 8. typic c. l pc.lc s .. ·. ll'lOn color . Then v:ith n 
pr.ti r of forceps cc.refully d.€:"Co. ch Of'. ch plume-like ovc.ry 
by gr nspins it nonr its point of <:.~ttc.chr.wnt nt th ' disc 
.:md , closing the fj'.Jnc.duc t, c.nd rin.sc it with f'.s little 
injur:r c..s pos~i"blC; in the first oowl of so a - wr.tor , then 
trr.n::;fe; r it to thE:_; scco!ld bov1l . Tho nnimc.l from v:hich 
the a r 8 has been scpnrctod mny be rcturn0d to n scpc.rnte 
nqunriu.rr of ru.nnin g soc, v:nt\;)r , 8.nd ~) thcr c. rns m::1.y be 
used for go.rne tcs lcter in tho do.y . Such·8.~ injured 
fumrl~ will net kLcp indEfinit e ly- h oweve r, and gr~utos 
c.r o r c.r o l y us c.blc c, t tho t ina th-::: .'".nimc,l btJ r;in'"' tr) show 
C."\)_totomy . · De nnt cut up tu o~mrios in the bc,wl or 
so a wo.to r ~ n;..ruly c.ll::-JYI t~c oggs tc oxud<. f:t.-(":Y,I the blunt 
.:; Eel c..f tho ovo.ric s for c p0r i od of five minutc c. 
At the en~ of t his ti~c , r enovo 
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t;:~ _.vcrios t .... r .. n\)t!'l,~r cc~:..f-Gi!:v .... , cr ct: s~r.l'~ t!..,__t1 .. : . -·~ .. ·~ bc~t c_ .gg ~:c 
.:. - s ,~·rs~- s11r·d G'"'n .... 1'-- c:+-;,, ~-· c ... ~.;...,.. ...... 1· ,~ -~--~..'1~.-. ,_.,...:-.~ "i.,...- ""'b ·: ·1 ~.1"·.r~ • 
•. d . ...., • ..._- V - V • ..._, v..._J -II.,..-- V-~ •• ( ~.t~ 4.. ·• .L- .,L_.._ ...... ·, - -J. e .... \..,. - - • ,.. 
-- , ... ~·r u .-.;--s +- s -"' t•l - coettl'r.· C""'· -· s \. rv ~l - v· 1 •• 'I'"' r -.··-~ ,,ff ~ J. ~ ~· • v 6.- ... ~ ... !.... • v ~, - \J <.... • u ., ~ .. t v :....t..L. t.. "' '- ._. ...... \... • " • ,_, "'... - i .. J.. 

t. _c sup( r-:-: :-.. l" c.y:-c .:> c c. ·. c.! ~ r c.ne1 c .. rEf .L l~· . 1.. plc. cc ·-. :. t 1 c.n c qur-1 \' ;_ '..:.:·:o 
~·ro:·· z. 2- litcr f _c,f.k . -· ... e .. l ee. ·c. tL-:: c .gs '\.Y!C.isturbcd, \':it ... __ ut s;;P.kL1~· 

0r stirri·:. ~ 1 fc2~ c~'u-- t 2 , tc 30 r.:in·ut,·s . Di ri. G this ti,~-. c .:"' 11 ,...:-~ .~:--lc<; 
·"':- :; r ... _c, ·;cd \':.. t}:-1 ::. : ip. ": tf f·.lr ex:' .. i.nr. ti Jn unc'h .. r tho ·:~~I' s ..... 1pc , 

":-1 ~:1.c stc _.e. i::". ~e r· ·l.:nc.l vef:iclc br r.kd_:·;;~ · bs l2l rv~rl. •. c.to t...".e 5 1 1 ,;- -
·. _, r'·.-, , ~. t~~- .......... ., ~l'l-.1"' •. ,..,, ... be .;l -.,., ·st ....... tcd .. l.., ....... r···"'d'l, - ~· - 1· • .. - ~.1. . , ,.,....v 1 .1. ... ~-' -Ct: u • 1..:. u J. •• L .. "'' 'J. U .... '-"l ... J. ;,., l • .LV \,_ . .,..,,.. ..... ... .. 

:.::.: · .::.nr. -c. io:L ;...r ·J:: ::.1 ir:g £'. tro.c~.~ r:·f ~T r.nt s G r o :1 t.. o:1c s lie t' p.~i) .rr.l'~
t: .. ::-. . l!:e;s:;s fro:- :::.. ripe for ~[. lG whic~ · •:.o.s kept T'1dcr pr opvr conditio.1s 
cf' c 'j~... lr .. -..s .., o.nd c.. cau"'.to 0X'Vf"Oil suppl,- frot: the;:. r~e:i:t r' cvll;. tL.n , 
rc;.d propc rl:_,. '!"",::mipul:-.tod in" cbt"inin:-v t:;ar;·Jtcs , co .oul:-i f'" .. Gf 1-.::> 90·· 
.cr:~dnc. l v0ciclc br~::-,!:d -::.1'1. c.t a. 'oroxi::•.r:tc l·: the ·sn! 0 t.iJ:e . n •t r, in C'. 
- ~.1 "'~l~;,l,.... cf "" ·r·s 1· ..... " " '"'~'1.1 1:.~ .. -- .... r bo·--1· t -- f~_-,llow tl~e .... ·---tu~t.i · n ,V \... ~ ._~-- J:' V '-1 t: L .. ~.... l,_. _ .J.~ .. ..J... -..J..l.~- .._. ,, - -- - . -~-.. \.,.. 

itc. p;8s "thr,)ug'1 th~· s acor.d v··l~ r div:.sior. i i. t.hu ur.i.ns-cr..inr.t= rl ...) ... ~;s . 

If the anir:o. l opened is c. n~ J. c , U1o t-:- s tcr, "'ill 1: c- ·'n t ·)r i vcr: • 
Sir.~e it is i :-:f ~rtn.nt tt 'l.SC ::-:. f rcs £1 :- or-\ S"t:.~pcnsi~ "'. 1 t:c:is r.nkr.l "'~n:
nc plc..ccd in v. dr:T fir.. r.., .:.·rb:)vvl un·:: il the CSE/' ::-r ·..) ro flc~: for fcrtiliz .... -
tion. Tr~O'Yl r. sincl u tGstis ls r cr'..ovcd , rins i" d in cl ' ... m ~0:.1. v:rtL.r 1 ['.n • 
D. sr:o.ll piece frcr.1 the blunt e nd ut 0ff r~i'.(1 plr: .-.3 d in 8Qn C'C "'- 8. \"f'.t-.(}r. 
Two .J r t h r ee p ipette s of t: is suspcn~icn Ghvuld ·v·f:: r.c14.cd tr. .-, 1?, cc . 
fin;:;o r bm•Jl 0f c r:· gs , v:ith r~n i :-::..cdia.t- 'but net viol u'l.'L rot :.t l~'1,,.1 .. :ovc 
:-::ent t.o e'l..sur c ~o::-:p leto ::-.ixin.; . 'l'ho cpti:"1Ul: p...::rL (1 f r fort.iliznticn 
is r.ftcr t:nc brcr.kcc'-·'::; cfJ tb.o [pr!"!ino.l '.:.:sic l o · ".nc . L~f-.ro the lst 
pol.o.r body ~1.u.s beon oxtruccd • .J..t is , tJ2c r cf(;rc , c r·nvonicnt tc ins ,.rui 
n[: to Yiben tho d ie.tal end •:Jf the firs t ,...l.c turrtion spindle ho·~ins t o pro
trude o.bo·.rc the pre·:iou~:>ly S!"'.coth s urf2.c c of tho -:6c~rtv , in a. f2-ir por
ce;nto.r;o of tbo oc,ss she::v1 ini3 gorninJ..l Y(; S!tclc broo.kdovm. 'EG,. s in8 or i 
nntod in the stage of the ir..tc..ct ge r:'linc.l vesicle fl.r(; non-fortiliz ..,blo . 
Even tho thoy !l'lny e l cvr.tc r. fcrtiliz ·' tion EiO!::b r < ne thoy de nt•t dovol np 
further . rrho dctr~ il:'J of s p0rn ponotr r. tion l:~.y be ro~dily studied_, if 
t ho abse r vc r oxrcr.lines tho c c;gs· '.'ii thc'.l t do l r.:r . It wr.s in th·· ogg of tho 
str.rfir.l-: thc~t Ful (1879) .f"irst .)bsorvo cl t }'Jfc) a. ctu[:.l pcnotro.tion of' nn 
er.;g by c. srcri::l . C11n~b0rs ( 193 0) ho..c confirr.' :: d th.-;so er.rly- obse;rva.ticns. 
A ::licr:)SC OpB v1ith cluo.r ob j e ctives, c l or-,n :=l lic1e :J r nd cove r-s, end good 
iJ.l1..u1.inc. tic·n nr e prore quis i t c s f n r observing thu finor detc..ils of this 
procos s i!:1 the lc.bcratc•r y . 
It ::rust. bo re:nor!berod thnt· t he O[;t3 l.'f Asto rias is very delic a.tc o.s 
conpared 'iJtt~ l:1Cst e ggs 'J.Sed f')r r cutine l 2.bC r Qt·Gr y work .. Sntts·.f ... _ ct~r;r 
results o. r·G not obtninod '.'Iithout to.kin3 rtdOquo.t. c: preco.utions . lLtport~'nt 
proc0.ust :Lc,ns arc : (1) to o.void c cnto.n:inc.tin.(J: oither t :-_rpe cf' ("CJ:-!oto with 
~crivisccro.l fluicl-i t is bec tuse c.f t h is thnt tl10 c:-no.ds n.rv rins e d; 
(2) de nc,t 0v o rins (;nir.ntc ; (3) c'l.o nst c r cwd t h8 e ggs : thor~. should be 
n<.: ':()T O t.:1c.r. cnc J.o.yc. r cf \'iCll - spo.ccd egg;; on tho bottor.1 of tho t:. ish~ 
(4) use CD~:y- fresh , l"lotilc s rorr. .• 

C l c a VO.[-:o : _ 
'l':b.e bl ~.s t onr:> r c n o f Ante ri~n -8.re ~n thor l o::::so l y c onnoc t (;c1. , bee-am-, c tho 
rJc. rivi tellino spc.cE; is ,,,:iclc r o.nd tbo hyc.linc· p l t.:.sno. l!OHtbrr>ne thinnor 
r.r,rl ·.1oc.ke r thcn in t~ .- Lrbacir. O';[ . lhtc t.i.10 r s lr>tion bot\ieOJII. the: fl~t 
no'l se cond pclc..r bcC:h:s f'.nd tho fcrti liznt5 Dn : •cnbr:-no . ~.;hn.nbers L.o.s 
poi'ltcc ;ut th['..t i :'.'l the c.hscnco ·of fortiliza.tion r.:onbrt'.ne , tho bl~wto-
norcs tend t (; s opo..r-o.t .::.: co:nplctoJ.~;- . Bocc.u sc of tho roln.tivu trn.ns -
par onc;r vf the yolk C f. this e g[j 1 dotc.ils of living ns t c rs J-;to.y b o Ou~ 



.. . .. 
A dct~ilcd ~tQd~ c: tlc cl~~~a~c of t~:s :on i: us ~lly not 
u.;:c.cr'·.rJ:.:~ b:," ::::tud_::-~t~ of tl:c c urc- url.l'"'S~ the:· haxo ~ 
.J;: s c i c. l i ...,_torE's ~ L.1. this ~ _ r-. t c r i ~ 2. , ·. t:_ t: l ::. t ~... r ::. t "- .,., ..., ::-... 
cf co~::id0~~blo sig~ific~ncc. 

1.~o ·c.ir;c ~~.0t '" ... J .. i[ .. S t. lc.t:c::1br~ nlc 0t~.'"lc, it is r: C·':1('C'I' ~t 
to ·.:!hc.r~r:· t~~c s r:. -:: .. ·c.t· .. l"' the ult;..lr\.. d:lsl'c ~ ~t r.l1ou · 1l~lf 

::..oQ:."' L.tcr..-~1.: :.nr:!.'l·- ·~ r~l-, cl .... :·v~~ t, ~...·lil' ·n:.t·. t'lt 1.·. :..~s 
src:c·· ;·· ~ .. :i .. ::r lc ot~~..-r':h ~~ o·.:l tbc ,:-,llt· r . '1l:c:n . --·1 ~n t.l c 
f~.r~.; &·.-~~.-:--i;< st:.svs (tl"..ctu_ ... ,,) i-~-.t'J.;cr, i]_c llJ_,·r hclf of t.l" 
:ll.!c-~r~, C011t..n .. ir~ir:[.: t~.c .--o;..")'"· nOl"'~':rl t.Cl--S'.r :~PU~~i_, .... bl::.,..tule\tJ, is 

:;our .--~ off i:-~to :- s--rics c.:.' t· ll b"_t-~, r y i:.rt .. i-~h ~r .... fU -

;LQLt~rlt.ly _f,_l l L1 tot·"':, to;~;- it. , J'r ~: s ~ .. y·~Jc ..... lt. C:--,1., 11 f;t 

·, <- t"'h c:::-~ t,_ r.vo.1r1 c·.r:.'~. :::.r< O\'C..~' .._·~ ~.d ~r'br·ros c+' urf -:.. J•tiliz, d 
eggs . ·1·-~.lJ. jc..rs c.r.J P-U ,:,;~:.or to f'<"'l:'.:i.lcy; di~'-c:·, si'.t.'- cv.".' or~~
tio~: in considorchlj- ::."' diu(' .d . l~ ir, c~·sc.ntj_:-'. 1 t!'".. t rcl~t.ivcl.,r 
fc;" l[,J:'VD.O b- p} :.Ci.;d i,- r jrr . .t'•r.rl ;: b:.r•l :~ ~ri:'. l' '.;r 011t;:l nCJd 
\''ithout slKc.5~. 1 fc C1 i'l[ '·1t ~·-:. culturt.-s of J~st ri~~ l[).r r~.r' 
~:1st ~.c fer~ dir :,OJ:~ (pr .... p~'r(..d J'•.1.:·tls .:~' ... hods) to 01"'t~~i .. l 
Lrcc~icl~rir or l~t.r st~ Lr • 

Chr.:.:·:1bc rs, ·', 1 030 Th" nc:n:'lt.- 1' of D .t- cr": an Lry .:.n the s t:-· rfis.t-1 cs..1 . 
i.'- ~.ol . ~ull 58 . 

Cos tc ll o , D. l • 193.5""-T o rtil izr. t j cr. :·!: .r·"!)rr..n ~<.;s of COil t ri fuc;~. d 
Ast c:elr.s I>;_;s . F~-:;·8 iol . ZooJ . 8 Gr .. - 72 

Dc.J.::,_gr.:, Y 1904 .2.1 ov=-.;.. dec, lc.rv· s po.rt!l~no;Jn~ t iouo[· 
d ! Aot .,l· -.-. r·• l ,...c-l"ll""' Arc1' l 1 '7o .. ol ' X')f')~ /,':;:; :.:> ·r 0 

v ~ .. 1. i.'.v C> ... -'- .. ,. U • ·~ • • .:...J • • .>-J• l J • Il..l L. • f...l 
F ol , E.l87'3 . ;{cch(.rel:. t... s · sur L·, ft.-cm:C.:--.tioa ot l c con"''(·ncc . .-c-nt 

ch 1 1hcno' onic . he.~:: . Soc . PL" . ct t-a[;t . :~c.t . Joncvo 26 
Fry , H . J . 1937 . Artie1c (p . 547) in cuJ.turc r,:,.thocis for --

a~~m .. -1 i1l, 

Just, y.; . 

.1.-::rs en , 

Ir.,;<Jrtcbr :--. t -. A.1ir:c ls_. <.;dj t ..;d by Gc·lt0off, Lutz , utc , 
Constock ru~l . Co . 

J . F . 1914 . 'lt._. d cvolopr·cnt : nd ccrt::.:in polntr-. in the 
~~duJ. t s tructu:::c of tho s t~rfis:1, .. .J.s t Prh'.3 rub •'ns . 
Ihi1o8 . r.i.' rcr.~ . Hc:r . ;_;.oc . Lt:.'•H'lon E . vol 205 , 

1 . 1939 . 3:.sic !1vt:.1ocl::: fo r (;xpcr:·•j_:;.r~nts on ugrs of 
of ::mr· i no c.r:j_!"nc.J.a . Blc.kiston, l'l' . l1 . 

L. J . t.rtic1 c (p 550 ) :i.:-.1 Culture ·~•ct)10df~ for I:nvvr-Co·
bro.t<.; Anir.1.c.ls <.;ditcd by Gr.ltsoff, Lutz . etc . 
Combs tock }·ub . Co . 

A3t cri (.~S l•'orbc.sii 

E . Dcv ... lorrJ_;~C:: nt 

frcpc,r"' -:;our C'.In cultur( s for vr.rlv stq~url c.nd u::Jc tb0so 
yrepnr·cd 1"·.1 tho:; c.s:::;i:::tr.nt /or st£"'.['.;; 1ro:: l;J.r ~:t.u)r- on . n~~
vcJ 01 ~. v:t '..l. tc t ':. l. r rl·:T Eipiri:lt\ rJ.::' ( :C.1.ylouru1n ) C<.n bo 
follo·;.><,d on lh in£ .. c.tcr:i.~.l. Olc1•.:· : :.!~i'flnr.ri'· , Brnchioln.rl r< 
J,n rv[:.c nne r~11~ t<...,·:.e: . .:-phos is E' tPgcE: ':!ill be s L:ucl iv6 on ::; t ':.in eel v·:h ole 
1-:-.ount.::... . · .. ho1r ;· .. our:ts of Lr,r1:r BipiPnr.rir-. c- r v [.J.so c,v:.]lr'hlr· 
for C'..J :p:--.r :i"l 0::-1 . 11- i::., r.dvi::;r.blo ·L;o 1"cgjn '.::Lth •.nrly Gllst ru1r.t 
3t:'.sc~1 r .• ---..-3 folJ ow tb c dcvolcprK;lt tbro,_:.gl~ to tl··c D:l p l c,ul•nJ r . 



4 
c:-tu:..y fc.rtiliz·-:."':.~c:::, c-l'"'r-,v~~c .... ::1c bl~.stul'"', Jr·,tn~ en,,''-~ (, 
j~o :1r o·. :1 e·,:l Ltr~.- s . : ons l t t .. ..? il._us trr.·v o s L _ r.c.::'n.do , 
.h.[~::>ciz (1877) c.r;d ut..;:.~v-L_l {1914) ~:- ti.:.., tc. l.o iD :--pp.nd~x . 

1 . 

.~ir.:;t t·;:o clc~v.:-. ~~..s :.:rl. --... )~ ... cU 1 ,.1, t~tC"t 
Lnir:, .. l ~'~:.,4 ~.;c..... ...,t,r. l pol <... [.! _.~l .. t~ r I'Lr~~l.,:~di~ 

'J. · ;.hiT'a· ~ 1.- ·'\"·r·r l . .., ·or··;·.·o~1t"l '}r ·- v l· 0- \,.- L 0 \. t.:. ... .l. .t.. '-' - ( ' ..., "" 

cic 1t c:., ls of tl:is st['.-:~ :-r~. qproxi.:~ t' 1 c0u" in nir- • 
I-.~th~ lf:i - r~.,.]_l st:-.gc , no c<~f::.!1 ; tc ~·.rrc:t:.:_:C.l ~ :J.t · f cell· ii rc:·.;s 
t".:-:c~ pl<.:c , :-; ... Ci c.L·~:vr.;;c· fro1:: ne-w o·. is l.rrcr_. ~l~.r . 'lhro rh 1t 
t:1cs c: c::.rl;· rl l"v· ;.:c st2~· r t:,.G bl["\~;to ·•tj ru· h,.w .... t n't-:'-<t to 
c.~sLC .. c 0p:~cri'J['l sr~~ .. J;' .. , , r \_t'tt lt:t~ g i:·: c. r ;..tl ... i..J" l(~C'SG o.I,r~:"'~15r·:t..;:1t 
of cells . 

3 . Blastula . :..ve::.b.l.ecl.l:~ t!lC (;( l_::- r.r'""'" r·\... t':'ln ~ P. lV C' S in c. 
cpith(llf.l···.'i-:". 1 ] vnclos:l.""~"' tb. 1)1::.--.stoco~l- • .1~11..." 1'1 f..G<~ c..JJ.s 
"Cq . ;1~... ''1..:~ t~· .. l ..:-_ .,.+- l " "~t · !· "' ,., t·~. J.·, it .•, ,_ Ulr-.. c_ .~ .. , ... u i-1.. :)_1_, . ..... u ~- r ,_.,c., . _,_ . 1.1 . , .G. 1. 

--::0r.1 .... r:-.n c~ . ~~··1·" t:io p·..,lc:.,r- bcdl .. !': ·--.r, ~ti:Ll vi~:i.bJo, t.it~wr 
a tt['.chcd t.o t.hv c nj; :c 1 pole, o:::' r3.c tt".~.:~"~.tJC1 f'rc;' i..hu c:'Jbr~ro . '111 • 

c"':.br:·o ~['.tc..,.,c;s ~.E th~ 1: ·cc i)l[lstuJ.··. 0t~·<:c . 

4 r~rl ·· · f'"""i"Y'U}" T • (' ''C,...~+- '1 1 n--.lr "'1"' ,,.. t'"tiClr """C "D 4 • --=.:..:.-:__:.:...._-S.:i..~- · -- · • .L-.l ·~ • L.,V v.. j:JU . ..._ '"'" t .• (.... l- l ( J.O '·" \.l 

f l,..ttr.···"' ..., . ...,d -·,..,.,,..,,..l·.~,·r~-'"' hc···1·,,,: 'l>,r 'l)l· "'tC· •"r· '"' r1.c~t·_;·,·~."d 
..- (.._. \,....:.- .... (. \, j. 1. . -· ••• ~ (... • • •. ... • ~ -- v ... -~ l). J.... • . . . ._ . l-' - v 

tc ~xcon~.; ttr, r·x,us . 'JlhG lr rv~ cl'"'·~!>-;r.tt s t'.lu·u; tl· .. c i '.:"tlt"[. l 
vc~vtc.l c.:xis . 

5 . :ridc.llo ~·.:!c.1 lc.tc w_;8.strul ~ . 'J.1ht.. ·,c.3ti·ulc '', .. \'Ol~_e;, pc,r.r - sr" !JCcL 
The blf::d ::..·'1.n-~r ·srid ·of-fh"c .... c\l~cl··c>tteron b~cc.:~.c:s tl1in -,:·~.l l c·O. c.nd 
CX}J['!lc~s . Fror: tJ.1.is cnrl rJcsencb: . .-~·-~c: ce:lls 'J[,n<fic.r ou~ into tho 
blostococ.le . ln ~- sl5.[,)1tly lr.tt.:!.' .strgc, bJc outpocl-:c.ti~c;s of' 
the dist~~l .:.,nd L ~ co~ :(: C l:~tinct , th~; 1 ri:' :o::.'di<t c;f th e o:)clon.lc 
sc-.co . At t'-10 sr.:-··1c ti : c , t(~c c.rc""ol~t.<..:~,o~ l~(nds towr.rd3 ono s~.dc 

Vihic.h i.s t }··c f u ture ,,,,r:t r r..l sic1·v . 'l''--li.s is t'bc firct s:i. ·':.1 of 
the ei'1:-.ng~; of n~d:!. £~1 i 'l.-;:;u b ilnt-:-,r·c. l s:-··.~· :vtry . i'iotc. the. 
cil :l.~"'.t:ion i ·0. t h e u. r (' ~ '·.mtcron . 

6 . 'J'rc~Dcit i on to ;.-;j_-;-,lc.urulc -Jfl.r\'~ ... . Tlw blind (;nd of t'K 
P. rcrJ E. n f(_:-:_:::·oi-l"b_c_iiCY:;- Ef2c.·r·py~: ""fow·~- ri-i'~\- -·(,;-_l; V0~1 t r~.l body vmll ·' 1.'<"1.k c::.; 
c onto.c t wi t h o.n cotodorr:~c.l dr~nrossj_on , tho stomc-O.nour.' . :-.nr. 
i.:':1.o r.~outh brc;:.ks t!"lr ov.sh . 'i'hc- two ccc J. o~·nc·-,;c"S ·iclc:s-l~cvc r.;(:t·n 
•.::.on::>trlctorJ. off fror; tho c.:..~chc:1to rc-;-n:---rn:-;c- ·l cft···al1o is 
l <:>. r t:-or frOli; r;c. rl;r s t o..c0s or: . It fon1s r-. tubulo.r outr,rov1th 
to tho dcrs L' l boc'·.; wel l · .. t·ich ope:no to t h e ou tsid , . • TJ·_.jc is 
tho _£~ro_-:~~~n-~--~ . 

7 . F_":l:_~_ly. =-~-~~,1~::_d D_~_plcu_~l_:: _ _Lc~'"'_t:l ~r E:L,pi~'l_i.~C.r_:.Ln) ~r..rv~ . T'h).s 
lar vc roprcscnt s nn G&rly l a r val ty~o crn~~on tc A~toroidic , 
;:.chi::->oldcc. , Ophiur c• id.ur. r·1y l:olothur· cC' (nee :~orschc:lt , vol. l 
p . 499) . StuGy ~C'rofully c vcntr~l, dor srl rnd l~tcr~l 
( yrofc ro.bl·- l e: ft ) vi ,;··, 

Obsc.rvu t::1tJ foJ J. o-v; ir..r; : 

E:)'r}!s of l r.rvr.. . lq:>tic ... con't Yity of 'l untr.~ l 0id() ('ll.c1. 
···o·' +· ;;:::--opf-~y;l··r-;r~.J.-n.dc ,.,-n··,. ,.., th t hE' ovcrhr D(' lnr·, era J. lob c • .Lil v . ... d ~ .J-- - "'l...:: ~ - J ... ... ~ ... .J u _.. 
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:Soc o:-:-',ot ion 

Ciliatior. . ..... ·:a~.l c · 2. l~. cover the e--:tire s'·.rfa~' . "'' (.; cil1."r 
·c.::' is at fir3t cor.tinuous, a 1 n ~itudin::.l band ·:,itl. tv:o c rosf . '1PS. 

-~c lon-it1J.C:inal '.:·a:.c above t'"1e u·~per cross car loop tov·pr .s t:1e 
.:·:d:'..ine . ~'ent1.:ally the locps meet in the :;lidline, an a frontal 
::.e::..a., t::e ore - or['l rili&ry band is separe.ted in th upper Vt ntr~l 
fE:·~~t-of the ls.r a, O\~crhe.nrin~ the oral field . :his se ~nr-::t 
fl' ;"":::.1 fie 11 is chnrac teris tic of I.s te •oid larvae . 'bs orve care-
.ft~l1.y ti:le course of t:-.e entire lon r:it 1dinal bar..d . Observe tl1e ·eDt 
0f the cilia in dar~: field :U.l ,.r.;i .ation, if availn~>le. 

Alir.10ntar_y_ tr~ct . 1'he throe l::A.rts, chara ~tc,ristic o. Fc:1·rwcl.8rm 
larvae : oeso ~:1afUS \ \"'i th constrictio;1 ncar entrance into s tor.l8.Cl.,) 
st0!'Jic'1C11 c.nc' intestir-.e. O~se~\'(' in laterr.l vic\v the bend of tr c 
intestine. Stucy ciliF.tion in cral fic-L.l ond diff •r,:mt parts of th' 
tract . 

Coelom. Sb .. dy the t\·w coelon:.:.c V~'~S L:les from P.ll s id .s . ""l t ~r 
ar.-:; clearly ':i8iblo at the lovJtr c:d o"' the O(;sopl-:tarus n··ar jts 
er.tranco i>:to tne storrac:1. A st:bd~visi:)r. of tr.e V•Jsiclcs is not v·'t 
clca1·ly dcr-,a~ca ted, l;1..1t the narrow tu'bG conn.:; ct :tnt; tlw lr..r -·o lc ft 
col,lorric vcsielb ':d.tl·'. thv dcrsol body wnll, th8 pvru c t.u1c.l , 'lncl. its 
openin,:s . tt o nadre.J2.9_sic pore , can bv readily s c. en . Loos c me s unchyn c 
c0lls o.rc scattert.Jd in the body c.1v:i ty v1~1ich is thu persistin[.\ 
blastocoele . 

VitG-1 st:1ining ·1ith ncn,_trcl rt:.d is ::>E;lpful ; but study .msLoincd 
speci:Tiens fL·:::t . ~tudy :o lso stcincd w:·wlc: l'"Ot~r.ts rf thc.:-o sto.gcs. 

The fcllo~ing stagus arc rarely f~ard in drodgun of plankt on and 
difficult to raise from eggs in the laboratory. -rcparod and stai1 'ld 
·Nhol e mo1.mts vlill be provided . 

~. Fully formed !3ipinn2.ria . Consult figures 1!1 Gemmill , illccErir1c , 
n.ndA'gasf'- iZ • 'l'his le.rv~ is char actcrizo a. by r. numbor of pa irs o.f 
1~1K;S or arns which groc.; ou ·l.:; from the .i1n.r gin of thr;, ccto(h:r:-i! nnd 
which carry the ciliary band a lon~; . Thoy ar0 not ~upport ed by 
skeleton . n·.ir s of a r ms foll0v1 ~;[~ch ot."-:or in success ion. Young 
s 'tc~pes mr,y r:ot he. 'i(~ E',ll arms devel oped . 

A~:-m~ ldentJ.fy anpuirvcl. madic.n dor sal , pr~ir· .. :d r,nts r :i or dc,rs:..ll, poR 
t::_rior d orsc.l, posterior l c.torc. l, pos~~r~'ll &nd );Jro orf,l nrn1s . soc 
Gv:·:!mill , plate 18, fig. 7 , nnd ll'lncBriclu , p. 465 . 

Intest i ne. l Tract 
Coelom. l'he co r:;. lo::ni~ vesicles h8ve r;rown out into long tubes e.nd 

:1".ve fused in tr-e c.nt&~ior part o:' the larva . No further subcl.iviuions 
~ave yet occurred. 

~ , i3ra.chiolari_~d __ met_a_r.10~?_ho~ i_s __ 8 t~f! ... ~· ~tudy ventral ~nJ l:_L .a·~.l 
vie·,·:s . Consult the exceller:t fi~ur-,s i!l Ge,.';:'.:ill, plates 19 t=~Y1r ~0 . 

The Bipi11nari ~.___§.r!~1s are loll ..,. , r .. ollow tubes. 
'Ihe tr.ree Erachiolaria arms (brr,ch:2.o.) are :.3l0rt. 'l'hey c onta tn 
di~erticula of ~1e coelom. TI ey arc n o t ciliated but the r end 
discs differentiate small papillae and can adhere to the substrat) . 



r. S l.C ~f'r: ~re gl~,l C ~0Jls Of ;:h.:.cL S3C:'·"'t3 L cot..ic.l~ S''l."rf:t:-:.•1.._. , s 
fcrrr..?.d . et· ·ce1 t::e- brac!...ia . Era ~io. anc. s .l-::-cr r< r\·e ~'or ::-.' tr.cl)!.101:t 
of ~he !&rva to the substrate in lc~er sta ·0s c ~etr~nrr osis . 
(u< ... ::'--:ill , • 250) . -

I!-t( s tine .-

or dcv~.-lo ir:[ st:.frfisL, on left side . 

~ !c.t ~.tc.?'es of ::~<Jto.morrhosis , tlle £'n..,(' rior l;£,rt of t'lt la:."l:" ~n 
/l.'C.n-;, of -1;sk s:1rir:ks t.c- fon~· tho st1.l!c \'::1·c~" is ::',t-tf-1ch(..d to t.h~ 
S .,·L"~ '".r""·{·. c l..,., "'l)c·-·"'r ·~nc' br~, c'->1"., "''"d , .. ~~c"" '''1~r·'L·"' t.'' i'st~r1'"'s ,.,, ~ . , ·· ... -\,. ....... _ J.•...., _,_ .. \..,. .. '<... .. ·- ...... (;:.~ .............. ,.;.J \..l . ..J '-' v . (._j ·..;.. ... :-,\.; 

nt L: .. s dist,.1 encl . l--or det[':Lls o_ u-:.:tc,mor1.hosis oon''\.l.}'G G~·--:,1 '~1, 
~:r..ccr::.do , "d'!d :K ''r8ch;.) 1 t • . 

Ob t ~ i::1 j_ n !?' ....:?l,l?cP' (.. t c:_s_ -
'I'he sexes ::-.rc scpo.rcd:,c i n !:.c~i::1::trachinus (tho s·;,nd do1lc,r) '11t it .:.-· 
iJ..I_,vs..;i":.-lo to distiDguis'r-J. t~c n~alc.: fr.J~ .... th .. : L.m .. 1l~ by "up,)r.~.'ici:-:1 
r;·.r:··~i:1~tion . A cut i:::; r.:c~d:s rb ·:".l.t or:o - a,-..i.'>r-t>; r inrh fro::· t:ho J:>ar,_: in 
:?.::'0':>.~1cl tr.:; ,.nt.ir' r.~1ino.l t~r<.:u[:'1 >oth orr.l c·nd o.borc.l c~ .. lc::tr .~ ouo 
co'·.-l"'t 1 ''"·'tS r;,~.,~, r "'C"lpo·ll'" C "r"f·•l1 ,~ ins,.· rt ·~a· ~us '· 1 ''n nt·l· -.-,,t.'_v v t,..~ l'o .. .l • - 1'.:..:. ~ .t \. '~ ~' ...... • .,;;, '-·" V ~.... _. t .... • • V ' J · l, L t• t) ..... .1 

the 0 -:::'2, 1 s~::cl.;tJn , s ·.: prr·c.Ling th;::- orn l 2.v: c .... or!'"~l portio.s . Tht.:. C;1'3.l 

port ion is lifted o.wn~r nnd C::.is c c.trdcd , h:.kin; C['.l'C ncJ,~ to dJ::.t.roy t:~..; 
gor18r'l.S , ·.,\'hic.h ?..dhor c t o tho aboro,l portion. r.1.h0 ~.born.l portion " 
ther: pla.ccd (outside surfc.co do,:m) on 1:'. c 1 c:-.n , dr:; Syrc..ruso v:n.tch
!';;los o . If the o.r..im2.. l is ripe , gc.mct•:,:.... ':·Jill ooze fron t.1'8 p-on .. ds . 
Allow Jcho opened m::t l o ~o remLin undisturbed v:1ti l tha Ci,_gs aro co bo 
insen:.:.nc- t t.:d • . The ovnri<.:,s of the: f( :n2,l0 ar :-:: E l''Jcld is~ purl;lc color , 
r.r.d t:ic 0::_;;gR o.r e usuo.lly ::nixed VJitr_ 8.1 opal(:c co::'lt cr 111il ky peri-
vis c :.n"" 1 f l ....:tid. From tl::e fomnl•:.. c c.refully p i pet to tho c gg:J · tv a smctll 
finge r b.:;\:! 1 of se;n ':io.tvr . After E~llcwirJ.G thr; eggs t o settle , c nrcful.ly 
pc·ur v:Cf tho supurnGtcmt f1Fid and ro p l ace i th frosh sen '.vo. tor . If 
the fr:nrt l c ~ r..rc not in fC'Od co<1d :i. tion (if tho o ggs do not r o .d ily 
stron~ from ths ov~rio8) , tho ~ or:~ds mny ba r~movod with a forceps to 
a finger bi.)VIl of sea w~to r, e r~d tho O[.;g suspension strr,inod throu r..;h 
clo~:n , VJas hcd choos9cloth prcvicu.sly so~.kod in sc.a \"Jeter . 

F-- rtiliz c. tion 

•rn...:. o gr,s of :Sc:.1in['.rc.chir.us nrc 1 2..r gor them the:::; .s of Ar bo.c in. ( 135 
mit"~ :r-ns o.s c 8mpar e:.d '.'Ji th 75 ) cmd surr-:.rtmdc:d by a mucb. thick~.: r j olly
h1).11 in v.:l1ich b0nutiful red p i gr:1ent gr unul ,Js nrc susp.:.nd0d . Tho egg 
its e lf, fr cJ.J of the j c lly, is p c.. l e: yellow • . Ex r.minc t. ho unfort il izod 
rrf!s under l:>vi m:cl. hi0h magn.ificot i on . ThGn ins(·minr.te the Of!gs ru:.J 
··:as dune in tho c r. .. so of Arbncic. , nn•i oxrndno t~u og•J:s ili'Jl'~ ; d:l.n.t..:l-.r r ftc r 
'.CC1in;; tho dilutud sperm sucp··ms_c;r.. . Bccnuse of tho rc1c-ttive;1y lrrgo 
.3iz~..• of the (;gg , tho fc..rtil i zc.t1ion r • c~ctic.:n 7.l.CY be r r.;['(i i 1 J follo :"d . 
:.:or:wr::.no :~ l ::,v;.:ti .:r1 proc,;(;dS fr(i~-:1. t!'lo l;·rtrn.ncr .. p;:, nt uf thu !,p ,rm 
Ql"OU~1d t!.~.; cge, curtcx in o. wr.vc . The memb r ane bc[::in~ to o l cvc tu in 
fr0m sovcn to b'l '..:nt y ... tv"o soc unds rf t cr spur 1:1. P·~'1ctrr.:,l .:m , ·lnd is CC''rl
p l '3t·-: d in f ron n:i.nc to t'r-J.irty sv c ~~nds c.f t:Jr it begins . Since sp~Jr'n 



r; ·-
...... _ ::1~~ trc. t ion C"curs fro::t f ourt<'•~n to fcrty .. fi v::J .:: co .. ds ·1.ft.cr ins c:ni-
;8-tion, b(Jth precesses ( i.e., <'.crm pcnc r:-.ti )n end me~i r:-.nf: lev,
~-lcr:;) ... ~-- te cc- lctc.d v: ithin ob::ut ~0 scc<..n:1s nfter i!'l"' Cr.in::t·:~ on 
~ '.1.~ t , -··1019) • -. 

s_~cc:-.-£go c·f t~-:t. GL~ of ....... 0:~ir:~rr .. c_ ... ~"'~it~c: _s n:-.-c > fl~r1{t..·'11:,· iff r ~t f O!~ 
t'.[.+- •. f 1-.rt,..c:..r. , ~·:1d l.~1<'r~ t:t.~.<' :'n::'7': is l'I s~"'cin1 .:.rto.:r( rt +-~...- ti ~· 
p:-,t:2Gr.t, clct".--.1cd drr':'ings t•f the c1C[t\~:tr;c nevd ."'~t c ·1~do . Cno 
c:·':.:·-:'~ c:-,..."--l::...:: tt- :-rc.~c..rccl ".!1' k"'p-'.:; t:.; pr~_· 'ide p1ut i f0r cc:'.t-['.l'is~n .... 
: j· · . tLcsc •_.:. Arb n..c·f'.. . 

~ . i-. 191C' :.:.c fe:rti1iz'1tion ron.., ... i ·n iL .t:..c'-J..:..r.n..rncl:..in<'l' !)rr:~--~ 
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Embryology of .• nnelida 

Jos . l, 2 and 3 are required, !14 should t-e cone if time permits. 

:he three forms to be studied are Hydroides 
Eabellaria. 

Eupomatus) hexagonus, ~erei~ and 

-
cuJtures of advenced s ages will be prepared. If you wish to prepare your own 
cuJ tur<>s proceed as follows: 'ydroides both male and females will spawn immedin · 8 ).y 

after being removed from their calcareous tube~. Remove several and place them ~ r. 
finger bowls (one worm per dish to keep the sexes senarnte). Remove the animals 
&ft.er theJ• have spawned. Let sperm ste.nd for ab ut t hour. ~ dd a fpw drops of :: . ,, ·· i 

suspe~sion toR dish of eggs . (Extrustion of polar bodies and cleavage m~y bu a~~ -; · 
s·ti.died). The bl!1stula st'l.ge is r e"l.ched after 5-6 hours, gnstrulation after 8-1..:: 
hours; the trochophore stage lasts from 20 hours to t\.JO weeks. The trochophor s r~:..J 
tes~ for study when 2-5 days old. s~bellnrin m~y be treated in tho same w~y. 
Fertilizntio!l of Nereis hns been studied in n previous lab period. 

1. 

The Trochophore of Hydroidos. 

The Trochophorc is a typicnl Annelid trochophore. Consult the exc<lllc! tt fig!';~ lr 
H8tschek ( '86) and Shof.l.rer ( 1 11). The larV"9 show positive phot0tn.xis tmd gnth·•r 
at the window side of the dish. Mount troC'hophores, 3-5 d~ys old, on a slide on 
which 11 few shrAds of lens paoer hnve been plac':!d to ent"'ngle them 'lnd hold th I'l 

quiet. r8rcctics, e. g.; 11. ft>W drops tlf chl.:::·retune or of Mg'S04, nre nGt very 
effective but mAy be triod.· VitRl staining obscures rnth~r thon cl£'!rifies the 
sr,ructures. The l arvae ar~ trnrlS!)(Jront, A.nd proper Adjustment of the illuminnti ,. :n 
by moving the mirror Pnc'l the A.bbo condenser will bring out <J.ll structures. StucJy 
an~_.,nl s in lntarf'll and in pcb.r views (both from £'!nimal !Jnd from vogetol polo) . The 
a?5c•l tuft ~nd the nn~l visicle are lanrnnark~ for the poles, the mouth is on the 
ventrnl side; the eye is on the right side. Observe the loc(moti cn first. 

Observe: 

1.· Shape of the trochophore 
2. Apicnl M.! (sever-:1 long cilia, prcbEJbly functi cning os a sense organ). 
J •· Aoicnl organ, a thickening of ectc•derm at tho anim1l polo; a nerve con tor 

and probably the primordium of the cerebrnl gflnglia. 
4, ~ Protctr0ch, an equntori"ll band of lnrge cilia., In ulder trochophcres, 

two rows of cilie will be found; a row of short cili~ nntcrior to the lnrge 
cilin. The prototruch is the most chnracteristic structure of the lnrvA, 
anc'l g•we it its nrune. It is n.lways anterior to the muuth (proorAl). It 
consists uf a few large prototrc_.ch cells which become pigmented in older 
stn.ges. 

5 • The ~!.Q£h ( pnratroch), A circulr.o.r band cf ciliA in the middle of the 
pusttroch~ hemisphere. 

6. b. cili11ted grccve on the midventrnl line ccnnecting the mouth n.nd anus. 
This grvc:ve is interes ting in thet it merks the lir~e of closure cf the 
blastopore. The mouth is the r emnnnt cf the bl11stoporG,; the Anus is a 
secondory orRning 1t the l ower end of the originAl blnstonore slit~ 

7. One ay~ on the ri~ht side of the pretrcchnl hemisphere. Note the r ed cyo 
pigment. 

8. Two stntocysts on the ventr~l side. 
9. ~ digeetivo ~' Cc·nsisting e;f : r:wuth onening, stun11d1J urn (.:r OASOIJhAgus; 

eutcde!'lnPl), enlArged stc·T:Jnch ( entcdermal), narrcw intestine entL.dermnl exc'3pt 
f ('r the end portic.n which is invA.ginn.tAd ectoderm ::: proctvdneum), and tho 
anus; qn cpening behind the vegetal D''le. All pnrts ~re beset with cilia. 
Feed indiA. ink <lnd study the mflchanism of f led intake. 
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10. The~ vesiclP, , l!lrge V!lcuolat d cell o.t the steri(r end, n0t 
fomjd in ( ther trccho hores. 

11. The cavity betw'1en intestine F.Jnd outer b .. y Wllll is not n truA ccolom but r. 
pr in'lry bf·.dy cavity, the persisting bl<'lst c ··elo . 

12. !he lnrv~l kidnesy (rnired) nre tyric.,l :~r tonerhridi with flame Ct'!lls.: 
they onen ncRr the wus. They op:-enr !lS slender ·rds nenr th stet,. cystn 
exter.d ir.g between oeso!'h'l:;us nnd .,nus. They nro best identifiod in :-nin• ls 
with v·~ge tAl:"~<.-le u:' c ~. nsul t figs. in B~tsch-2k nnd ~che'.lrer) 

' !-iuscl ·~s . Two fine strwds will be soeu bif'urcr-ting nt the u~. er end t,f t· .• 
1 ~rvnl kidti;1y. One c .f them CA.n be t r 'lced t o its inserti n nt th~~ n?ic '1:. 
rlate , the other inserts l:'t the C'escnh!'gus . These nre long±tudiunl nuscJ 
Other lot,ei tunin11l ouscles "l:xt<>t d fr()l';l tht> st'--: .ach tl' '"\ 'ints of the ur>p,; ::. 
he:nis:'her3 . A str cng circul..,r rnusclq is r. f\r thn metntrrch: tho constric 
tion of the lo.rvf'l c.,us9d ry tts cantt"'lCti:..n will be fr 1quontly cbsorv d. 
Note usc circulor ( s .)hincte1.2} rnuscL',2 in the -ii •'lsti VP tr,ct. 

14. Undiffer enti[lted ~osorern colls, sin;_:lP or iiJ sm•·ll p,rt'ups, will b' 
seen att 11 ched t 0 thB ston,cn, t0 the innor body wnll, n·~f'r th J D; ic"'l r -.•t: lit . 

etc. 
15. The imrx::rtnnt ent-:mes-Jciornrl cells (deriv'ltiw's of 4d:s.T;~lo lnsts) whic · 

will p,ive rise tc the m~-;-d.:n·l'l0.l structures f tho worm bony nr8 di ffi ·~--J t 
t u distin:_,Yllish . They nr e s1:wll grc·u~s of c'1lls n0nr th 1 low r .nd t)f thF 
head kidney. 

11. 

Met.,ncr hosis of the N~r0is _!.,arvn 

'fh .' "l<J tarKrrhosis of f\n Anneli d lr.rva into n se~>'ITlented wcrm c.nn be stud ion bt?st ~ · j 
Ne:·G:.t.:.. , 1 t o 7 deys old. Nereis h, s no tyr-·ic .11l trocho Jhc.re bnt on 1:1bbrflvio.ted) 
t::. es'~opcd lP.rval develonm·:mt. The first sign~ c·f th8 f'dult, seF:,rmentAl or g"lniz".t.L n 
r:·~·a·' r very enrly. Prer-o.r A sli des llS under l. .:.: tudy lnrvne from nll f-1i~es. Cvn-
s~lt the figs. in E. B. WilFon ('92). 

n. Trochor.hC're-like stn~e Yz_hrs, (Wilscn, fi_g~) 

Observe: 

1. Tho r rototroch, comroserJ of 12 very l a r ge cili.,.ted cells. 
2c ThA narntr:..ch, DP.!J r t he veget'"ll ncl e . 
J o ~~ pigment ed area nt the annl p<.-l e ; the nnnl nigment. 
4. The ~ ann ~daeum; tho lnttE~r is n shc,.rt octoner mnl inv'lginnticn. 
5. The large-l!!.C.£!f:~~ hnve not yat diffnr entbted into the ontodcr mrl parts 

of the intestine; their cell bound~ries mny be seen. No anus iQ fc~ed o.s y t. 
6o ::>ever al 11 front101~ bo"l i e s" near the upper end . Circulf'lr disc-like structures 

of unknown function. 
7. Two :->airs of ~ ~, spheric11l structure s in tho r.os trochl3l hemis_rher e . 

The setre (~ chaet~e) will be differenti.-,ten inside of them. These sacs ar e 
the first indic1tion cf the first twc segments of the worm. 

$. Observe the trocho~ore in l~cnm0tion, 

B. Advrync er~ .i!:Qcho,.,hc r c , £.d~ .Q12 (Wilson, figs. 85-89. 

Identify ~11 structures f vund in A. In andition observe : 

L Eye S!1ots 
2o A thir~ ~ g: ~ ~ hns a~.pear0c'l bAhind the first two. All three Pr0 

lined up in n r ow indicatin;; th<> first 3 s egmP.nts. SAtflse c r:m be seen in 
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the recess rf fcrna-:.ion, insitie ..-f th · sa sncs; in slightly older st .... t•as 
they will be seen _ro·ecting frc~ the s~cs. 

J. Pi _,:ent 'lk enrs in the t rotutr:..1~h .£.Qll. 

'u~or., figs. 90-Ql) 

::c. t :_cp tr. e ch..,r,5e of sh"I e anr the ..;re hml dcm~rcntivn f the first thro\3 segmot!ts. 

;~ The ~~ n fold overhonrin." the mc.uth 
) V'3ry lcng bristles r'eveo:_--p in setn S!lCS . tu:1y thoir fine structur .... 

They n:-:;cer cr:e f.<tir 11fter 'l.ncthcr, evontunlly 10 rair~. Th\.'Y will ht3 
re:•l 8CPd "t r:lCt·l'~J. r~·h •sis b;-r '- r1inary Set..,e. 

Jr·:~· :-:'e your UWIJ cultures (seer· l) u Gastrul'ltil. .. n by invcgiu'\ti. ll (lccurs "l''rr····: 
.:lfrca.:.:r 7-10 hours ... fter fcrtiliz,;.tLli. C.;nsult the fie:::. in Sche~ror 111) "1.> 1 

:iAtsch!~k ( 1 86) . 
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El.'BRYOLOGY F .~0! LUSCn 

GnstronoJn 

l. The Velit,er Lnr\~ 

Stu.!y the typical Veliger lt.r~ of Cre':"lidula fomi ntu. Obt~.in mnt ~ria) 
ry brcr.kint: tho c.nimr.l fro:-. the substrute tc- wlnch ~t is nttnchtH.i. You \'ill find 
tht: :rellovrish ee;t;s (enclosed in trc..nsp. rent cr.ps'-lles) nttncheu to he substr:.te r 
ic. the shell of the mother. Ter,se the embryos out of the t~nsules. Obtnin s ;inu.ir.r 
1 .r•r.e in (!iffcrcnt str f;CS, crticul~.rly old ones with the yvlk resorbed. They r l' t! 

• · :.S'I'.ront ~nd shm,· the inner Or[;rns. C nsult Conklin (1897) fie;s. 80-82 t.nd ho 
: ~ ·l".' >oks :Jf P~.rhr-HL<swcll volum~ 1 (1928) fib• 657 on p. 73•1, or 1.: cBride fi~s. 
;.., ., f:'. on rc.ces 30l ff. or Korschclt, 1936, vol.2, P?• 881-891. Stuly dors::-.1, 
ve.ntrr l t.nd lo.terc:l views. Louth r.nd f10t ~-re on the ventral si lc, the 1 nus is on 
the richt sUe. 

1. Vel ur.1 with pO\""erful cil ir. 

2. Hcnd vesicle (dorsLl) 

3. Eyes v!ith lens (Jorsd) 

4 . Foot (vcntrul), study it in l a torul view 

5. Statocyst~ (ventrt.l, on basis of foot) 

6. r-outh with powerful cilic. (ventrcl, nbove the foot.) 

7. Oaso_hOGUS (dors. 1), sto~nch, liver . The different pLrts of tho 
intestine C1..1n be distinr;uished only in o l •:cr embryos which hnvo 
resoerbcJ the yolk. 

B, ;,nus (on rie;ht side) 

9. Externn1 kidneys (l~tera1 to foot) 

10 . Hco.rt (;lorsul). Observe: the henrt bent in older embryos. 

11. Tro!1s;1erent shell. 

II. Ef.f<LY ST, .. GES OF THE VELIGER LLRVA 

Thero is no ty;1icnl trochophore sbgc in Crepidul!.'. . Study stt e;es of 
direct trunsformntion of the gastrulc into the Vclicor lnrvn. (Conklin, 1897, figs. 
77-79). Observe tho grc.duu1 development of shell glr\nd~ shell, veltlr.l f.nd foot. 
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GREPIDULA 

No • 

.t,, B, C, D.------------ - --------
lst quartette (la- ld) ------------------------------
2nd quartette (2a- 2d)------------------------------
lst quartette- 1st division---------------------

la' -ld~ : apical cells 
la2 -ld~ : turre~ cells 

3rd c nrt~tte (3a- 3d) -----------------------------
2nd qu~rtette-lst division --------- ----- -------

2n '-2d 1 
2a2- zct2 

D""'--~d (I:E, r esentoblust) 

lst qunrtcttc -2~d divisi0D-----------------------

---<a1·l(up.ical cell) 
lu1 etc. 

lcl • 2(b~snl cross cell) 
! "E <:::::::::: J lE 1 

-._i:E2 
Zr d qu~rtctto-lst division------------------

3u' - 3d' 
3r:t2 - 3d2 

2nd qut,r tetto - 2nd division -------- -------
2-1 2nl . l(tip cell of cross , left nrm) 
~2nl . 2 

2b1 • 1(tip cell of cross , ~nt . urm) 
2c1 • ~(tip cell of cross , righ nr m) 
2dl• l( t ip cell of cro·s , nest. urm ) 

2nd quur te t te-3rd 6 i v i 2i on -------------------
2n2 2n2 .1 
~2n2 . 2 

NE1) d 0 o d 
EE2 ) " 1~ 

of 

4 
8 

12 
16 

20 
24 

25 

29 

0 

34 

38 

42 

44 

~vide ------------------------------------ 49 

A, B, C yie l d 
4n- 4c ---------------------------------- 52 

cells 



1 t quartette of nicrornr re~ 

n . all c ctod('rm c.Jlls of he ·1.d vosiclo . 
b. nuiGul pluto of ci l intbd c e lls . 
c. ~ostcr i or c o"l ~l e~c . 

u. lorsnl ortion of ~unctionnl volwn un d ~ortion of first · l1. 
row on ~:c ntral si de . 

c . s upn,oc~ o.-, r: P".c.e l g;~\ r.g l io. und co~amias ro . 
f . c c.- rcbro -nf'd t~l c:n.nc: tivcs . 
g . pos ~ ibly ,c.-d~l ltrcliQ. 
h . ~n •.uiunl s ense or~r n . 
i. pn ir ed ey e.; s . 

2nd qua r t e tte of mic r oncr ' s 

u . larger pn rt of ·.rc lum. 
b. she ll gl c.nd . 
c. o. t l c·.s t nnr t of fo ot . 
d . lu. r vt.l m•:;se1ch~r:1c f r or1 doriv:...t.".ves of 2f\ - 2c. 

3r d qua r tette of micror.-:.e r c s 

dcrivo.t i ves lio wholly outs id·. of vcl r r t. r ot t.nd fo r m a 
cons i de r a blE> pe rt of lov.or hcmis phr· r o . 



i.Unsha~e~~-:e~~' i Based o:~ d<:ta in · '. Ubi •. oh, 193~ 11 
developl.ng r-. ----- --------- _.__ -

~ C~LLS EXTIRP,'..'IBD il 
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I I l l I I If I - -! ectoderm 
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I l I' I 
•- ::ebr•l ves. 1 ; -~ ; -; : i ~ hlt~ r : jJ 
- otolith 1- -~E-~~- -:-r- I i I ' 

~rv~ube _ __j_l __ ,_jj_L-~~- :J_- ~~ I I ~~ 
no toe hord j - J_-=----!-_1_ rj _ __t__lt I I I I b:J 

~ 

mesenchyme I II 
muscle _ j I I - -,ll_'l I I I I I ' I (/) 

-- ---- I __._I~~ 

1·------ ----,--------, - _I --- . ------· fl 
;_ 1 !-?lSW':'.·pt::Lve v. ~·. · ... ,, .: , .. t1.ssue not organ differnr1··t1 

--· - · - ~- - -- -- - ___ _ __ L ___ _ 'ciA._!.~Y..J I \ 

~ 



~ n c t rr. s o li ~iss ir.1 • 

• • :·,)rmc.l D-:vclor.nent: 

.• ':'he Unfcrtiliz.e.:: Er,p.;: Obt~ in r-.. sa~ . lo f unf . rt"liz· ~ e;:;r s il. r. !>·c.: o r 
..:is~ t:.:n1' tr .-.sfcr .... fcv· tor. . ..:ej1r ... ssiuLl sli i-) f' r st ~.- . \,!1~. :~ r, '-''-1 , the 
C[ ·s r r.; i recul r in Shr". :J ue to tho . rOSSUr ~ \' . .:.thin th~ ()Vnr:, but t l " 
·.:..~c · c splt'Jric~ l ,, !1 st:.niint;. T,e:• • r P. sul:.. (5:- micrr i·. f, i·r~ctcr) ·1.! 
CC!' tt- r iS ~ llilJ S t C .JJ '_. l ~tel ' fi 11 t'y t, ~ <3110 rffi<1 US cer, .i~ :ffJS i 1 Wi' . 
"'l r c .. ir e nt nu L~lus. H·"' t u t!-lc thin lL..·c r of ch{r corticC\l cytoplust :" ·~ 
Jer.scly ..., : ch.:-:!Y'>lk. Unle'-s -che cg:;s ~.ro i;; eM.inrt.,l,.thc-.·-;m rctnil, · ·:1 -~ 
t.~pe· r :::..ncc f )r ::-:l,y h onrs. Tllo e[~S · .:-e l'erti liz. · le u til thl' t,;enlir.t) 
vesicle br;n ks 11 -.)L . , l l .... h ut;:1 the er:'~ .ity f1r n0r11tl furtilizttiOl. tin 
devel orn~nt is iLP' ire2 ~ith lone st: n ·i: ~ · 

..; . FertiJ iz~ ti '11 ~n ·t. turc ti 1n: }'"\ rtilir.e cc.;t. r :1d iFl!'.l ·J\~i ~te ... y trt4 sfo r ~ 

sr;.nl c t 0 t jo"!:lr essiJnSTCe • . ~ fc· l"linutcs r·ftcr inser:inr. tion t'1( 1ut1 :: r: ... 
•.lf the rer·;inr.l vcs'clc strrt~ t c· b ... )).l' in, istirct, : ... in 15 - 20 ninut.:·: 
th{, r o is only r li,;1tcr r"c~- ir. "th• c~L t::: r )f t _1e GG6 ;,;• di1,c its fort .c•T' 
ry ositLm. ;c thin f ~- rtiliz· t:ton nc:1h· •. nc is r ; iscl, b tt tLis is no t lift, C: 
f r fr ar., tho C£G sUi:f ~c, rn~l it is b ... ~t soel" in t w n ,e; i,m v f tho n 0ltl r 
bv"ics v r sp.-.r.n i.n c t l.e cl('VtCC furrows. The first ' l c r bvt r fon1s 
s!10r'~1J t ftur L>crr.in~. l vesicl b::--c: l:dov·;n, ·.n 1 tlto scc.'nJ po l t .r bo~:y ff)ll 1·:~ 
'irut;tl~· bonG' th th0 firs't. Both ')Ohr b· •'ivs 1 r c usunlly for11nJ by 30 ... ~s 

"'.iuutos e,ft e r inscninntio1. N.Jtc th~ nos:it:.Lm of the n ;) lt r bodi e s, f l' r 
t :wv f:l ' rk th0 ?l~.no of th,, CJninc clcr•vL '-;o . 

~ . S: rly Clo' vr-cc: ,.b)ut 50 1.i nutes r.. ftcr L:.sc:'in·,ti m tv.-,> nuclei '':i ll be 
visible, the. ml•) ~·1 ·J fcmr,l<.: pr >nuclci. C•,• n y ·;)u so tho,1 ··t:->r)(\Ch LllLl fuse ? 
Cle~~vr_ ~>e occurs rb;)at 15 :·.lin·..ltcs nfte r they _.'irst c;. ;-,ryonr. Tho first cl e vur;o 
i::; unequal, <· nd tho first tv J blcst,):,·~ :: o s c~ ir ... fcr c::;re: .tly in size. The 
SlJC)ltf'. cl e:vn.r~O foll o•·,• s Ll ".bout h:.lf '"11 h )ur . In tho c:.so of th13 lt rc . r 
c e ll , cle: r.v f'.:;e is r·r;t. in unc qucl, r ·Jf1 ultinc; iYl aN.: lrrce cell r.nd throc 
S"lr,lle r c c l:;.s . Ci.:r.!~1r rr: v;ith the f our c e ll sh r:;o of Crcniuulr, ·nl l~ereis . 

The f o ll ov;int; cl")LVf z;u s [,l"(, r LlJi(l , ;.o r b' 'lS mly ten t'linutes lntcrvoniDG · 
bot1··ccn thE: 4 c.nd 8 cellorl stc.r_; :;s. Th<: clc .. vr .:-;e is undoubt•)<!ly of n ~.irnl 

typo, but tLis chc. r r ct(;risti , is :1ore difl icul t to rlotect thr n in CrcDidul ' 
·Jut: to the size diffo r oncos ~>f the bln ::;t .x~orL s. 

D. TiLe T~1blo of Dcvolopn:ent: The re i~ n1ch v c· ri tivll in J .:::velopr.tcntrAl r e te 
.. 1enend ii1c; on ten-::>c r: b~ro ~ nd o ther onvir ')l1l:ler.tnl c<;t} 1i ti ms, but tho 
f ,)ll ov: ir:g trblo vr ill t; ivc sor.te i 2o(; of the chr :m·.1ll)Q' nt 25°C. 
( S chochtcr, l \i4l). 'I i'1cs ( r e roco r· :c : from insoninr ti ()n. 

10 mi:::-,utos 
30 
50 

" 
" 

1 Hr • , 5 r.: ins . 
1 Hr.,35 nins . 

Gc n!inc.l vesicle re'<oti on 
P ·> lr.r b odies f·,)rnocl 
0 r onucl0i visible 
First cl o·.vne;o 
SeconL: clenv!' i;e 
SwL:r:,int:; f0rms 

E. l.ator Dcvolopncnt: The ficurcs uf tho 1evelopment of Droisaons i n 
{fieisonheine r, 1900) Vlill pr')Ve very helpful , f'>r tho embryolot:;Y of the t;-, 

forJils is very sir!ilc·r. 
l. Gc.struL tion ;:-,nJ a::- rly Trochonhoro str r~ es : Remove s·.r,lplos frorn cultures 

•., - 9 hours r ftcr insemin(\tion. If f. •rms :. rc u':>vint; too r o.p idly f.1.tltl u ( r 'l ,' 



~C:'Rt ( ont . ) 

~f J~'.nus Green ~o r.ounts . In he y:.>un~ cr st::-.bcs r.:>t:c h t ti1c s1:·tll r , n.>rc 
r :-.:J i ~ly ... i •icing ect,x on.•-1 cells ::-_ro ~ rot:,~in(; "'.rcr tr." l·.rr;er , YL'lk
fill 0: cr ~' · :r.. ~-1 cells. ?his tvpc of gc.strulntio:a is knm·m t.s 1. pi ly . 
The Ul.CJ".'Cr"CC resi n is tho . lcstop."~re . ::hen the lrrv"'t' us ~ tt l't~ 
s·..-i:. (5 · h :-urs _ftc!" insc~ir.rtiJn) :. r.l:::.i;o )f Lrge .... 11 vLi l,,;il l f :-.• 
thu si:cll ::..c.."l.: is 'iSiblc t'n th futuro 1 .... rsrl S~trfrc._ , J;t r"'l:'\ll: trO 
l r ...... , v: . h ~,...; 
t:hc :mb.,' , s h::..vL· lJst th,.,ir s >:-·cwhc.t br,rrol - shnncd n )pet-rr.nco n~: ·.rc 
· :,·r~~ 1i.' .1 , tr.e <-x ·.n:c~ bt.:.sc i' the !1yrr r:.id b inf t:.hc. r(;;gi .. m in '•hic!1 
v<lu.. ··,ill f r .• ':'he cilic ~rc n ot r.1Lr~:(•,: nt this i:.c . 'l'i1o lt.st0p'l'• 
·isiblc ,n the v ~itrc.l si '.a r.s n sr:nll .:.n .. knt'. ti '!1 , :' J t!1 .... il~v:. 1~i t t · 
sh ... ll _:-1. n: f ' .. "' t 0ons-:'li .... u .... us c.mct.\•i ~- ~r. the cl 'rs·~l surf". B;• l · 
huurs t!h.: s:1t..l: ,:1' n.: \"ill hcve CV1:•t;ir.::-.tc:i en i thi<::: 1nc .d ty ''ill <.: 

l .m[;J r •;isiblc . :'he cilir, " f tho vclt:L:J c..n<~ the t' i rl fl :ollu.1 v:ill t1 

"is ib lc !... t i;l".i st~.;,;c . 

.'.~' u .. "1f; '.Tclircrs_: bte in sn~ r>l c s 
ir~. -..t~~il i1£ti .. ' !:1 . 1-f tr) : 

·)f cu1 turos r.1nut lG - 19 h•Jurs r.ftor 

- . GC'l~,,rc.l shr o . 
b . 'TI c twv- v·.l vc: snell \'tith its <:::trrti[·ht hin1;o li.w . 

C'JCl-~s , ~· the. .,; ( :!.1 ? 

c. 

u . 

,r- t 7"'c 1' ' ·· .; ... J.. .... .... ... .; ..&.. 

The t. ~iccl fl· r·e:'dU!.l , tel> ,r .lc h , t.r,.: tht• lc:~~ ili: OJ.' th' 
: c,·cY·~ iri: 7o'iw .. - ----- -
The ~t ~m.l _iE_v~~:GtL~n 1n t11G vu11trr.1 ~i le jt:.st b l ow tho:; 
vohn . ThE' .:_r Jct >Jo~· l inv·l:i<H'~ f, :)'?C!rs 1:.tor (t.b •Jut 23: · s 
T}lo int•• rr.r.l str uct'lros ('r~ :ifficult t~..~ ntkt) " t :tt his ti•1 :' 

f lr ~- lnr go , .Jr. r k nns~ of un.'. iff vr catiututl cnd··J lcr:.V\l t.n..l 
.10S'K~er:1nl cells fills nost Jf the post- volflr ~~ron . 



5ro~ks , 
' r K. 18 c " . 

:::<it·- , ~ 1929 ~ . 

. , c r " nn, L. I . 192C 

R. 1884 

.. 
. . ' !"!. 3 • l910 

.w ci·i , l< . 1902 

1904 

1908 

1911 
--- ·· ·-----

r ·=~.sonheime r, J. 1900 

Sc~echter , V. 1936 

1937 

1941 

~ vclo ~ent f th" ystc r. 
'"!u! k::.:1s l':1i ·• l. 

tu:. 3i 1 . L' • ,~ , n.~ -

::!:· rl,· .'!e Y~ l;:-· .nc:1t .)f t . c J r :>r.t.cs 
2 : 353-357 . 

~ s ~ r. \.T • • . l • ~ 

III Corti ~. 1 Ch!' ... ~c r. n : ! e L itin tio,l · f ;,. t<:-· t · 
-cl c •;t·, f Cu;. i:1 ;e• .• Bi:1l , Bull ., 38 : 317 . 

The ,lcvC'L> r.,ont •f Lc cyst<; !" ( 0 trc: 
~GtJ .,.t F i '1 . Col;l . i { sh., 8~· l - 9ll . 

ul is I • ) 

A c ·t ~L>l: i ·• 1 1' <-.::: t f h ~ e .;( >f Gttnll~t:, .. c. with s p•'· _ 
!"Lf(, r r'ncc t') "V I'-:: his >r: f the chr. tn.J f OL e z J th 
c,n;-v . . s u. o . .li.rc:1. vf .:. t. llt~ :> r~ en ., i_: 

JeL0!" ;.:nr.5tli ho B0•'ru ht·m- un~ kunstli h ;H~ :-tl~ '1(• -
hc netis c: he rurcht:n·· t e i r: t ... :. E··tr· it f. u i ull , • P 

1' Ac~ 1"!e .. :ic .l --~ S0im.ecs r! ... C1· :.c.nic, Juill (' t.: 3 ') ~ 

Cyt>L ~ischc Stu :i ·n ::n 1 .stlich n rt1•en• G~".n t .:. sc \ 1 ::.<~h 
ont••ic~elc•h:cn Eirn 'on : .r.ctrc. . 1 r ch . f . miLr. ,m:. t.. 
ur< Er.u· ·iol~ ., 6:t;:.:l-·9f . 

Zur 1 0 n 1h >l oci e: :cr ku1 stlic:1er. [ rthono6cnc isch· 
Enb' ic!clunt; bci r:: ctr~ . ".rch. f . ~'ikr • • \n1 t . md 
Snt;ic~., 72 : ~27 -252 . 

Ex .... crincntc llc Studic:n r.1~ den Eirn vo n ~· n ctrc . Extr·tit 
·lu Bulletin c!c l 1H(:rccn .ic •ks S icnccs (lo Cr,· owio . 
Clcsse des Sc i nnc"' s 1 'nth ~J II • tiquos ,;t lJ1 turollt.s . 
Serio B, Sciencor ;: tur8llc s , u~. rs : 140-161. 

The emery ; low of Unionidac . J. I:orph ., 2:.£:1-100. 

Entwicklun r;e g;e:schichte von Dreisscnsin 'l•> lymor pha 
Pall. Zeit . f . v.·iss. z ~1ol ., 69: 1 -1 37 . 

Comparative hyp:tunic cytol··sis of sovr.::ra1 ty :-los of 
inve r tebrate cg;g cells ~nd the influence of age . Bio1 . 
Hull., 7l:tll0. 

CF..\lcium and li1!:l. f,ncsium in rC'lr-tion to lon1~r ·vity of t.~aotra, 
No r c i s , and !Iydruidc~ ou; colls . biol. Bull. , 73:392 . 

Experimental stud ies u:>vn thee~;(, cells 0f the clam, 
~!actra solidissi;'n , v;i ~- h special r cfen:nce to l onsovity . 
J ~ B. z., 86 : 461 - 477 . 



Cheetopleu~ apiculutn (th Chiton) 

.he s'Jocies is dioecio•.ls tut the r e is not wc.y o f distint;u' shine; tho sexes < ·turnully. 

--~-~'sti.:l!1S :':>r 0bservo.ti"n: Duo to the lr.q;o size o.r.d 0'1 cit: vf the Of"" , he 
· :_~1.~ :cv<Jlop~~u:t is best studied b~· r._;n .. ~.-.tinr; cgt; snnr>les in do rcssi n slides . 

-- -

1.1 ,, l~r.-~4e ~.:1 be .. Jun-:ed in n d il· te s->lution uf J. nu Green f or .")b ·ervr.tion-

nf :· .... r 'lC..l De,Tt..lo~.:~ent : 

~ - --17-T'.c-u:ll'':rtilized Ov..u1: :'he s, he r i n.l c:;r; :.wnsuros f 0!.1 180 t. 190 · ~~· • n· 
L Ji! 1'!'.3ter ::.~1d r,'Jpccrs 1pr.que ;iue t-.:- the l r r~o ,J )unt~ vf · l~. "·~· :. 
int·.:rr. 1 !"' r •cess..,s cor, !'l .. •t be s -cr. in livi~ l' t:?b!J", socti..ms ~ h 1 "·" 
:)vtln is ··:.:,u· ll~· ir. the ')r C(;SS ..:: f dovelopint; th,1 first l~'ltur~ ti~n "; :. -'"• ' 
'"!-te n .:. t is ~}v:::.:. . Su:r-r ) .ln.!in:, the: o,;f i s •, t) ll;~l , bris 1,' d. ri \ ' . ·~~ ~t:.>.l 

the -:gt,;s E.'~, r t,0 fr\) .. , t~y .)vLluct t}· ::• r "' f ·. f:<lJo' in : vise it:, .~l'Ly .. :.iko 
scc!--:-vi ll1 •;;~1i0L s· rer:ds ever the ;)t~:J: . . Jf tlw .Jish il c. thil filn . 

2 . Fvrtiliz r ti 1r: r :.J Cla r.v .E!. Thcro · :o-. ~·' visi )le ch: ngcs .t lw ti..w f 
fcrti}iz t•ti n ; u fc rtil :..z,ti n f"lOl. .• r~r ; is ll')t rt.isoJ 1mi th(.. \~(" ' .:. 
chc.n.;. s:lQl"') C. Tw • tr: n::,..,o.rcnt U)lC.r b;Jics o;rc givBn lff tut '1' ~· 
l o"...cs c• r c L· r'~'Jd . The ~,ir t ,,Jt:.c·L blc c:u-rh'O Jccur~ sh..lrtlv f> :, 

~- . 
f irst clu v ce v:'10n th•J r· :- is t sl i ,-: ·1t :1r tte.ti!.t, of t:1 · tJt;G ,, t lc 111., L 
pJlo. The fi st clot:''!'::.:_ fun·,,,., (l , , • 40 ni•'s . t1 1 hr. ~0 Li''t• • ·ft .. -:
L:~er.1ilwtiDnlcliv it.: ,:.: s t11c ecg ic. J.::>s ._ c· ses il.t > cquul bl·'.stonc r Gs . l n 
.". -r,n ll :)cr •~cntC<•·· ,) f C'•S•" S (Ji.il.! ~1l~ st.Ollcre is •e rCC'1tibly 1 '.r";~.;l" . n',' 
_r~:;.:;JnJ c h1- ~ vr.;e is ~.t ri r;h t • !(; l es t;:; 'tl: fi r st , • nd cc· in in oOn• u ,'Js 
the D coll is .,..li,)1tly lr r bor. Th<:: <.:r-11 ,f t! u fint qm. rtc t of r,::..(. l' ,!':!O ru~· 
t: i. -en of f by the UOXi Otrc:)iC th ir•\ cl C!'Vr" 1·r 1 C r <! o' istint;Ui[;hf bl , fr 1r;1 th:;-
l'l r t;G r nccrCJmr:: r c s. T!1c furt~c r tlivisLms f':lllov. th•'l r('cul r r m•ttr rn .1 1' 
s ·1i r~. l cloc vc go . F::Jur q ue.rtnts uf :nicr ')J•8ros c r .: gi vcn off. The fin>t 
three give ris e to t '1e octodf'r"Y.l , nurvous systGl,: , { nd st::>:;J,.douH , while thu 
fourth qu~rtet except f .; r t hu 4d b ec.x.:us 'J!. r t .Jf the ouJ..x!• r u ,. l o c '"i th 
tho l.l[.c r >::e ros . The 4d cell t;iV<JS rise t o the ;-wsodc :ru r~ s \'Wl l us 
cnlio d c r r.1 . 

3 . Tir.:o Tcblc of Dcvcl :.mne:n~:· 

egGs devel JDinG nt 23- 21 C. 
r ate . ~letuno r]"lh., sis s enr.e,! 
bcint; fr ->Jn 7 - 12 dc.;1s . Timo 

The. L> l LnrJinr.; c-ecGr d , '!lr')curo~ fr .. m l l hntch _ i' 
is offe red ns <:. r .;ur;h outline of cleve l )'"'rr.c::ntal 
t) occur early in this 1.>~:. tch , the usual tine 
is reco :rclcd fr om the tino uf ir,sen i nntion . 

lst P o lnr B)dy 
2nd Polar B )dy 
lst Clouvagc 
2nd 11 

3rd II 

Gastruletion 
Denting ciliu 
Rototion in c&Dsulc 
Hutching 
Typicc.l fre e -swimrning 

Trocho?h-)rcs 
l• 1c tum0rnh->s is 

30 nin . 
5 ~- min. 
1} hrs . 
2 h rs. 
2 hrs. 40 mins. 
ubout 13 h rs. 
H !1rs. 
20 hrs . 
36 hrs. 

2.>3 clt.~'S 
4 ct1..ys 



ILY!.J.t.SSA OBSC1LETA 

0te.in~r; e..,g;s un, ec.rly stages: 
::-- 1 . Best neth 'G of o tninir.g ver:: ot. rly s ages ~s t y·~tch snc.ils 1 yin Ci;t';S 

tr.rough glt.ss. Ebgs are vis'blc nt oviduc"l o>cning (c.nterio r z.c,li .n ;x.rt 
)f f :)ot) . Afte r et:;t; is f c.s tcred to t;h.ss, snail tat.\' he Gently r "':' .. O'J 1 c ~ 
cr. :;ul~ tnnsf·rr c·= tJ c. wt.tch {;lns ~ of f'il c r ,d son ' ';nt<'r ·:it!1 n :->·i r ,•f 
fin~ f-.>rCC?S . Since sru:ils secu t~ - r \jfor to l"'FOSit the csc;s 0 the '';JO l,•n 
sijC'l: ~ t! c trnk in p r-cfc!"cnc ,, ~ tht. c;h.ss , J . Oprenhcinur sut=;-ests 
ir.scrtin~ sh ']ts of t;lc.ss ov~S r those ,·;oo.!cn si..!cs . These cnn l.! ::-t.:>vt ~ l'r • . 
sLi•'S for ins~ o.::tirm '1Urouses ,·.•ith.Jut dist 1r in~; the nni.unls. 

---
• ·, · C s tles : ------7l1e r:tr,r .. ~ ,\f d.c .. _ ... ~ l V""'".:C~!t of he cg·tS ct.ll be <~etcrr,ine! bC'fnre r~n\,, .. n..1 f · -

tr.o ennl"ule vri -ct. t:1o nic f c. bir:ocul .. r nicr vsc 110 . 

G o . r.c;l 'Jr , ~cr st:'.!;O is foun.; , i ~~0\'.'1~ si :0; •:yf 0' ;.>sulc t'urth~ st fr J:;l Obt;s 
..-·ith r.. C:isscctin0 needle . 'l:ith on:;th ~lcc,no te:.. r vff section tht.t is 

in•1c' t1 dish , r::~:l:ing sur~.- t!"-c.t . YL:r:· lt rsn tcr. r i · ·tr.do . If rJntlc 
;1 r cssurL is :.1o ·r t''1'lli ·' d to .:::l::?~u]c , t 1K o-;_-:s ;··ill fl')Y out :.n r. :n, s r f 
jell.' . -·. kc su!"r; t ht.t ~~11 )f the r.t;,·s . · _ frc n ) f t~l~. cr.nsulc un: tl.: ..,_ J • 

ct.1sulc i · pr r tt:,' nell t -1 r11 up bcf c r , .;rsiL,: the prCI'\SUl' O "lZC' th, :. 
jelly v.:;.ll ruf,\, '._,c ok iHto tb .__ vr.ps llG ct.:·r yinc tho CGf-S Yli +-h i • ;,n . 
tho :)T~ n.ti)ns :1Ust tc ccrri"' ;; ut unc:c1· v·t.tcr, f.Jr the b 1;s nnt·tru on 
c~,ntt..ct ;"i;:;h r.ir . Th .. jrlly ,>i ss0 lv __ s L th(.. \.r· tor , LnJ cfter' \m 
sec ·,; .., t\10 cess ,. ill scttl::: tu the uott )r. vf the l!i sh. 

Glen L;es : -- · --... ~>[' "."cxi:-"'.r- to T:r:'lc T.,blH :: 
l~t bbe 50 n i'1utes. (ls t '101' r bhly C')ning .)ff) 
Diso.p!!. Jf l obe 59I::i ns . /1st nolnr body off . 
2ni lobe nnnu~rs 1 h r. 12 mi n . 
2nJ lobe gone 2 hr s . 12 :ni n . 
3rd l obe 2 hrs. 42 mirs. 
l s t cl er.v~GC 3 hrs. 42 nins . 
4 c ells 4 hr s . 52 nir.s . 

Later St&,_;es : 
Ubsuc vc le:tcr stngcs ~) f c:cvl; l oor.tcnt thr mgh the vel icer l vrvCI (the r e is n<> 
troohonh• r c l c rv~ ). 

Cl cmcnt, .\nthony C. 193 5 

Crnupton, H. E. 18 96 

Hor gfln, T. H. 1933 

l 935c.. 

l 935b 

1935o 

1936 

1937 
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4 . Leter Stt:.ges of Deve.lom:'Jn 

·.1. vl.. , B, ~! . 

;... Yc unt; Tr•c~o!>hcros 40- 60 hours old: These lan··, · arc ;'1rO})ello 1 
r'.'1i~'.ly tnrough the .... o.ter by the bc~~'Ci::'lt; )f ~ bLn: of \' urful cili(l -
t;:1e prototroch . The b:-~dy rat£ tcs .Jn its longi tu :innl r.xis t.n the 
cvursc fvllo ·cd is~. soir•l . Cr '.'1lint; the oro r)chu.l herais~h r o (thr~ 
~ rj vesicle) is r clump of vvry 1on cilin - t~le npicol tuft , y;} i,·' .s 
~-"'P~· rcnt1~· senso:&y in functi 11 • 1he t;.·o ll'torn1, 
~ r.ivG r ccrtr. in nr.nunt - ~ bil~.t · r~.lity b ~c ,)th~r.-.i~~ ,-:i:'..i 

l' f;!.d.sm • .hlt;hO'lf;h the I'nuth mo.v· bo visib1a ~us · lv·. the ~ rYt.1t ··> ,1 , 

t;:C :th, r rcgi1ns oft~~ Jiges ivc trnct ~ro obscured y t;h yJlk L~tss . 
B. Older Lcrv ... o 3- .;. .c.ys vl-:: TheN is l.n .1 nGc.ti.m 1f tho bo~v.s 
•lr-~cirlJ..· 'i' t~K :JJf.t- t r :->c. ~.1 h r.1isnh• rc. ':'he 10-:> th ~nd (~r h '1. 

:-~ n" ·.isiblo due t th.., rccuc i m :im the q H.l tity ·f th> y > 1~·. 
·.r .... s 1:- tcs ~ rc beginninr t.) r. ~nc• r n th.. dor st.1 c:1 r1· .., • J )tL' t· 
c-:-ntructilt fu •t thr t .:e d Jns m ;;hl \L·ntn.1 s rf 1 e just D lStL :·i r 
tJ t!.c n::Juth . L >c:>n-ti..m is still by , ... ,:l cf thr.J prot trochnl ilit. 
n1 t'-t mgh oVer 1< .rvr.• , · y nrt:C;p r l nr.; by m r.ns 'Jf the f.> >t . 
C. ·;ctr.t'ih .. r"')tnsing Lnrv·~: !.:et~.n r'")·: s.:.n~ 1cq·vt ·~ mt y 1>c ·>r.) ·ur Ht 

t tL b(Jtt..;,,1 Jf r. cul tqr·' J ish. ;: t _. th· t tho :'r >totr '>uhn1 n •• l :, 
.:.1i~·. •.rv lost 1>.<rint_, r~t .. t :'.J·turnh . .:..:; 1 :1: ti11 t thd lr r 1. tc\·r cr •.• 

: "u •' lt by .,, .. ,ens J "-~ c. 'cll- Jcvv1vn•. · .f'~.lt . The oht.ll :Jl: tt·r h: V\) 

incrc;f'.s. ,' in nu.":'.Jer thJ'lgh thH i'::ll SL,t Jl t.\C : ·~u1t is nut :;'t t 
CJr.:'"llntc. The mL.ntle , t ::.· ·, lJ. of tntJ 1J 1tdy v;r.ll , .k c1o'1S jurt rl..>rs:.l 
. nc: h to:-·· 1 t j th~; 1'.. '1t . 
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•ntroduction to Hydrozoa 
~ 4 

o 1 Sensitiven~~ Qf ~ mRterial 

·rile workine 1.-rith coelenter!\tes in the l'lbor r..tory it is essentinl to r emem er thni, 
~ 1 ~ hr4roid~ ~re very sensi~ive to environmentnl conditicns. They do no survive 
,aJl :.n the lpbor~,tory even in oqu.qri!l of running Wl1ter. _Q llil.,_Crowd oith r thE' 
"c.':... ~ st'3ms or tho eges qnd embrycs . In g~ner.,1, your proc"dUl will be to lo"k 
0 , r " ,:.;CJod- s ized cc.lony of hydroids under tho 1\ west r w r ~ i.' mof!.: · ftcnticn , nne · 
c ip of~ ~ few piece~ cont:;ining the bost ombryo1~sic~l mc.t~r:al. ~t 2 c n ry 

r:.;.sJd in runnirg sc" w~ter, ·md secreJnt·Jd in plenty of SEl:\ "'-:t'3r in ., dish fo::· 
• ~"1'5 d8t~il,.,;d study , 

:)) was cf Life Eistorv Illust~ 

~·':.·1', "\r c twc phoses cf PJ1brycl gy in the Hydrczofl . 01'1 nc eristicf'1ly, n long 
-;c;-i .s of -9-sexu"ll re:"~rL")ducti(.ns (by budding ·1nd other moth--d~) is interruptl d ·t 

·-~~ -•;t~l.'lr intervP1s by isolntod Gx.,mpl s of sexunl rorrt·ductil n. This n1t·1rJ,,t:'.. ~~1 
o: r ":t ~lCtur~, since zygote pr tJdUcti n is USU!'llly 11C~t·rn?1ishu~ by modUS"l.O nno tl:o 
:-· .•·' ~cl:icn c.f buds by 11C.'lyPs. 

L• 1•1r 8 hydrozoa no medusn-form is knt'wn, in cthors no polyp-form is knowh, t'nd thoro 
,J' r'- 1• St<lg3s between. The hydrOZ)[\ f1V'Jil fl ble at Wu>d~ Eo1 ill illustr te woll the 
s~; ·.<. :' ;r;»1 Vflriabili ty f the medusn-stC"~t8. 'Jhe best-kr.uwn exnmplo .:.>f n complete 
'" /: • ..t ,n with r. degen~rt1te !)Olyp strg8 is th· iderlizod j Ally-fish Grnir·nernus, but 
·. · i·; ul1fc.rtunf-ltely nr.w naflrly extinct ot Wcod s Hole. The gnnora picked f r study 
:; ·~) ·1:rrFl~ged in tho (~rder <'f rlimirdshing c;•mplotonoss of th9 r;;edusr form, the first 
'-,· ving flree-swiruning medusae nnd tho lust mere srcrosn.cs. The utter degcnor nti cn <1f 
}1E- medusa-fcrm is illustr:1t8d by the fo".lilinr Hydrn. 

Bec~use c f seasonal v <:Jri£\tious nnd unpredictnble fluctuoticns in the Coelenterate 
f~una, scme of the material described mny ne t be nvPilBble, ~nd the ord ~r of study 
~o~ill have t o be mmounced • 

. ~I},'Q.q_:re t\. ry Procedu!£i 
~, s ·i·: •. ldy of f, rms with Perfect~ Medusa 

~~mpleJU Bougainvillie, Obolin , Podcccryno . 
Ch!lrnctoristic life history: Zygote shed frOJ:l medusn; Devalopment t o plnnula 

lqrva; Met~orphosis t c polyp; Ase~11ll Multiplicr t i cn c f polyps by budding, which 
produces A colPny; Medusae fc.-rn1ed by speci"tl buus, in n gonc~u.2 (Obelia ) or 
serP.r tely (Bougninvillin); Shedding cf rnodus,e , which mnturo slowly ns so~nrato 
individuals befor e f orming eggs cr sperm. 

~Q.l!QAINVILLIA. (June, July, August; not ,.,lwAys nwlilnble in June ) 
The t~cmophores ar e ~.rne sir.gly or in clusters on the mnin stom "md brnnches, nnd 
·i.r tl.is genus develop intc complete m·xlusno. . Th8 medus'l-buns nre scattered 
~rn?,Ularly thruout the colony, ther a being no CJrClerly nrr,ngerJent nccording t o 
.. 'r. Select burl s that shew vnric. us st'lges of mGd US£1 ilev0100I"l8nt rtnr. mvunt thorn 
w.1:~. ' ~over slipfl, 'l.nd stucy their unfc l rHng structurn. Dr~w off w~tor from und u:c 
tho ccverslif' with 'lbsorb·:mt prmer t o pr oduce n slieht nressuro on tho buc1 s . Skei: r: 
,hre~ st~g8s in meouso develo~ment. 

lr.e1 ~ll c.f its rerts except the gon[lds a re fully forned , the nonusA bronks lc.os -; <:·~ 

;·,..: •. h .1wey • . It 11 ves indepenr.ently one or two n cnths, the gon 'Jr'ls gro<'lu lly mlltu:." ' · 
'F: t, 1 ., well-developed specimen that is swimning ncti vely anrl sketch 1 ts c~ ingrll.T'lT'l1. 1 • 
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structure. Identify manubrium, r~ ial a.nc1 circulRr CM"ls, velum, urnl tentncl"'s, 
~"U;)S vf tnargin"!l tentecles. 

... b 

:_lustr~ti :ms of nodusa in Hnr&i tt, C. \-:. I 01, 1 04; Nutting 1 01, of muc~us~ -lev 1 n
~dn in G~ette '07. hls~ Hyman 1 40. 

(June, July, .• ugust) 

7h(' ~t.~nc S:>1'1es Rre severf\1 tirles <~S large ~s the hydrnnths.. EX'li'line s. cinens nnd 
sP.e if they ~re locatec at r~nr m ~lon~ the stolks, or in regul~r pl~ces. 

,tn Obeli.<t gc•nusome hns nn enlnrger tr·ms!"'~rent c 
blastostyle extend in 7 thru it fr T'1 bnsa t c til'. 
bir.skstype ex. nnds to nake n locse :'lug fur the 

vering, tho g 'nothecr~, \oli. th n 
The outGr end, or tip, 0f the 
g nothecn when mature. 

~ cluster of gonoDhores is borne on the blr.stost~'e insirle the cn0thec~. The 
gonophores mature as medusae, anr nre 'lk lcc' st~ , esc~pin t o the utsice pt'lst tho 
blestostyle plug. They are com."'lcnl:r c~u;;ht in t ow nets. Their free-s'Wimming lif 
lasts two months or so, the gonacs U'1turing slowly. 

The older gonophores shoulc1 show developing tentncles, when press d slightly under a 
ccver slip. Which gonophores on A blnstostyle are oldest? 

With neerles, press on tha gcnotheca of n well-motured ..; ncsome end exn.mine under 
high m.<1gnification the gonophor(•S that arJ r dlansed . Thus~ thflt n.re oldest moy 
show s'Wirnming movements. YouP.g.)r stn:;8s · f ,~ evclopnont may be tensed out fr r.1 the 
bonosorne nnd studied, Ske tch sover'11 stngcs . 

If ripe Obelia col0nies are kept for nn h~...ur or twu in a cish of sea water on the 
desk (remember not to crowd them), swi:.mting medusno cnn usunlly be detected in a 
good light with the naked eye. Ex~mine s umo of thorn when nvnilnblu, nnd note that 
their structure is sliGhtly imperfect com~)'Jrerl with thnt of Bougrd.nvillin. 

The velum is reduced to a n'lrrow anc~ somewhat l cbed membrane near the bases of the 
tentacles. This mtlkes possilrle nn eversicn of the t-ell wh8n the ~aedusn comes to 
rest, so that the m~nubriurn sticks out from the center of the convex sir1e, like the 
hsndle of f3 pest-hurric11ne umbrella. Watch tho swirnmin~ mov8ments, and see how 
this hapnens. In the everteC: condition, the mnnubrium is still m0rphologically sub
umbrellar, though this tern hflS lost its appropriAteness. 

The r:e• .. 1ly shed medusa of Otolin geniculate has 24 tentncles, while that of Obelia 
commissur: liii hos 16. Both forns may be avnilntlc in the l!:lbrr.,tory. Neither has 
~onaf s dP.velope~ nt this stage ~ 

Illustrl.'ltiuns of Ob~lie emtryology in H:'ffi.'ln 1 40, Gcotte 1 0'7. 

(Juno, July. 1 cr 2 colonie s will he collected ,_Ti th each 100 
Hydroetinia colonie s frum Sheep-P"lr" HRrbur . Ncne frc.m Pasqua .) 

' ·· J ~ t.J..~hly srecinlizec colony gr cws in w encrusting m[l t on sn11il sh0llr,, etc .• , nnd 
5 < ~r st exnctly likP hydractinia . Both hove three tyr>es (•f innivic~U<'1 ls: feocler s , 

. n~p ;~1~~, stinsers ( Cf. ctescri r•tions of Hydractinia bel ow, p. 6 ) Po:.l-..cryne is __ _ 
nc:i•J ·le d here becnuse of its stortlin fr,et.'lgenetic contrast t o Hydrnctinia. 

l -:: 'u.sc"te of Podocoryr.e a r e nearly nerfect, n.nd Mny produce severn.l genero.tic1ns of · tl W 

•.:,J :·sqc by asexual burk~ing before getting "lroun~ tc.' their mt'in business of gamot o 
'r .r:::· .'+iun. Cf. Gcette, 1 16 (The srr.rOSfiCS of Hyclr.,ctinifl bonr vory li ttlo roser l · 
: ~ 1: ~- ~.o L!e.,usne, being highly r1eeener a te). 
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~~etch t~e three tYnes of lyps n~ sh w several staJCS in n~~usa ct velo nont. 
~orn 1s cnn ce r:vde out <> long the ra1ial c ..,nsls f the swi!':lminz medusae ,. v cy iml'ln
~~ra but sAxu~lly ~istinguish~blc . Th~ nsexu~l colony ~ivcs of either mnl o r 
''.J"le nedusae , n~t beth • 

., _st.u ' r 0~ F'Or1S with Ir.tror fect Modusne 

1·',..: >~. lns : Penn'\ria, Tubul,ri..,. 
f";":·;·;:ist- ric s : Zy~-..-te s~~::'l fr~"~ s:Krt-liveJ i:rerfcct m' .usn P~nnr1rin) '"'r 

·.:.v"ll104--l~ r o 'ucP.r~ sessile '113C'us r f0:n1. 
~Ttt';ul'lri'l): Dcvelonm::mt tc ,..,l·nn.:-1_: lJLY:! ·m0 ract'U1c r·~h'si s t c 1 ly . (P ·•nnnr i'l.) o r 

~evelcm-"nt t o .\ ctinul.., 1'-lrvn .,n .. ~ gr ·tr t o :-LlY\1 Tut-uJ..,ri11); .. l'e:XU31 nulti licaticn 
of p~_;ly,,s by br·~inJ t c rrcduc-a eel ':.y ; Gcno'"lhl r ~ f me by s· uci 'll hlh~S on 
ty·~rnnths; -:f1 tur~tic.n of ~ nv_.J;, r :: s ( i!'inerfcct ne~~us'lc) ~n·~ fortiliz "' tL.n ei th r in 
situ (Tulularia) or within the l ir:lits Jf the C<:lcny lurinP, their :1et,chmont (P n"'rin) 

fL_&&IA (July, -. u_::ust, Se~tuml'ar : hc_;ins t, ri on ni.-'1,'1._, 1f July) 
G-..T'C,1rc r e s l">u'i off si~ly nr ,·unil th.• lcw•~r : ·~ rti n cf th" hycr~nth. Th y f~.-rm 

sli_;htly r e, ucc~ mer1usae with ru~1 in-.;nt~ ry tuftlike t 1mtvcl es . Beft r o cponinr: uut 
as trnnsr'ar :1nt bell- sh£wer1 f orms t hey sug~_:Gst c ..;c "•tmts . A ~in_:le colt".ny h~'lrs 
.;oncT'hores of one S3Xonly, cut in tho livinG in~ivifu..,ls , eex c r1nn e ~1 in_ne;se only 
.,nth cl ifficul ty until th y mn turB, when the pinkress cJf eu~s oncl tho whiteness of 
srern oppe11r. ( Smallwc..;A'l t 89) 11 MAle" !ln"l 11 f ornle" col unL:ls l're nctuolly ·1soxuql, 
bearing mAle £tm1 femAle gunor~-or"l s res:-ec ti vely. 

M~turc Pennor in c ul ::mies f est , c.'1 )rl with sho:~c".in.; r.l<3!"1u..,:oe pr (JViGe nn nst ::mishing 
ar'1 beautiful srect~cl13 t hat ov1ry student sh .ulct e ertr inly see . Tho material 
ripens in the seasc.n of wa m os t water, 1111::1 n r1eJ:JCllstr fltion of the shed<~ing will be 
!DPde when p( ssi'ble . It st~rts eflrly in the ovening Rn · ccntinufls throu~h midnicht. 
It is usually best s e>eu in mnterial brc,u,::ht int•.) the lnt ' r .,tory the pr eceding ~ .. :\Y 
(i,e, the secc.n~ niJht). 

The ripe medusae grA.dua1ly stA.rt a rhythmic twitching . Those which nre mAlos omit 
puffs of whitish s;>crm, nnc1 those which ere f'er.ml 9 eject with gr e'lter tra vnil t ho 
three t o six opaque pink e_::gs . In the s cuth, PennC~rin me0usne .;onernlly l1r ouk l oose 
from the colony nnd swir.~ nbout furing this rlischnr~o, but llt Woo~s :-! l e they gen
ernlly rem~in attache,-'! , " 1-~ tho ee.::;s may not l-8 e j 3Ctec1 until1.mg ~tfter f ertilization. 
The r1eclusae fin!llly dr o off, swim vecy f oehly, if , t r.ll, shriv8l r nT'i'Uy nnr1 nio 
in t:t few hours. 

:out ~m'lll selectee' stems from ri~e "male11 ~Jnrl 11 f emnle 11 cul ..:!"ie s t ogAthe r in a 
.fin3c :.:·cow1_ afte r ca r eful rinsin~ , t~t J-4 _,. r.1 . "ld l e'1Ve them ove rnight. They re 
JXt··<·mely sensi ti v3 t o ov P-rcrcwdinr,l Noxt rlpy, r emcvo the s tP.ms 11nrl l ')Ok with 
.OI'.koc'! eye f or free medusAe as evidenc8 of sher1ding . If they CJ r e f ounr1 , l()ok fer 
:lwelo!1in:.r cg€;s. 

The e ._::;s 'lre ve ry simr·l e ond sl i f:htly Cl.me. cir , with nt1 R.·mnr ont membr':lne. Fc·llow 
:.hr-ir dev8lorment ns far fl.S nossible . If tho Wf1te r is ch·mgerl s eve r 'll tirnos, the 
I'J<:Pn-:1. <>. st!:!.gc shoulr' bo r an.ched in 24 hours, rmd stn:es in thn very simple netn-
!.• n! ·sis to the p lJ:1 fort.l n13y hP. ol:servect . (Hor_;itt, G. T. 1900, 1909). 

1 ~ 1pf'rt male n.nr. f-Jrnnle goncr·hores an4 exnJTlinc the e:_:gs :1 nti soerrn. Sketch 
G' .. 1 stace s in :3evelopraent of th£' ncr1usn ; sko tch tho mnture male 'lnrl f emnlo 

llf"!tius r;J ; sketch severa l clo'l.vnge stn~es if founrl , 

t~.':,d x-ntions of uer1usa rbvelonment in Goette '(J7; of clo!lvuge in H11.r _itt, C. \.. . 
rc, ! :.so Hynun '40. 
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(June, July) 

~1e G~n~somes of a well-mature . specL~en form lone r~c mes or clusters of gonorh~re s 
~·f ·.r~ing :>n· ~ ere r-in:.:: frcm the region between the circles of tentacles en a hy ranth , 
i ~ ~cncphores quite severely re0ucer medusqe which never becr ne free-swimmin , 
1,,.,,:l.y have n( evidant r 11r'lilll or circular C!lllnls nnn oevelo e n,: thin,; but uds f ('r 
a; ~~·les. M~e end fer1~e gcnorhoros occur in se~nrate col onies. in~ncsis of s ex 
~/ , :._:ht is in:'< ssihle in the innature, ut _ rnoPhores that c nt,. in emrry s ar 
en! ~c tell from thos e that nre fille~ with n clou~y mass of s erm. Early st~ ~es 
of · 1 ·:?>'.!"' in_: '"lnt'ry,..·s -~~ re f ount, by +e., sin...; with neeKl iJ , thofle no'J._ the h'ltchin£' 
5 .::- a r e visit l e iL situ. 

~:r.g.. :lne !l ri:'<~ m!l.le gcn-- :-h0r A, cons i derin:; it A S A v ry Je:;cnc r <: t e me 'us'1 1 Nc ticf' 
a11r, ske ch its m.:.:r'G ')f a tt-lchn('lnt, i ts sh" ~·-3 , tha structurt'l ~ f ·ts fr9e nnd "n ~ the 
r-csi 'v1':Cl'! of the s -.ern surrcm1 ~ in . th0 Clark r ac1 nunu1··riu:'l . Crus~ it en n slide "'n< ' . ~ 

inw,Eo-ct the motile srern under hich r wer. 

Ex,rr.ir:9 11.nc'! ske tch a ripe f enr l '3 g.:r-.-- her e . U"u.., lly thA t. ent<1 cl~s nt its , istol ond 
c.:_-'!_'.:8" r r nly .<lS f cur Sh':'rt tlurt knv11" ~ 1-ut IJnO a r lOr e l'f th E>l"l r. r e ~ (.!1E'times sli.:htly 
elort;3 te~ . The e __ gs come from ~::>v~red c,'cytes tha t r r c ..;Nssi v<Jly sw~Jl w Ut ' their 
ne:i.:;br~rs, lying in tho s: nco nrour.,, the s t nrl ix ( r:Jnr·uhriUI'l ). 

When ri! e the e:_::: is very b.r~e <· nJ s ·)newh'lt irre,::ul'1r in shD f-G (: 11\~n 100, L~)WO 1 26) 
,,.fter f<:> rtilizAticn, cle AVt1ge is often ch ~;c· tic, n:~· .t'rently either o CCJelollF~stula 
or -<t :!1 -:'rul :> L'l''Y re f crtte l (L ·we 1 26), an.: g'1 strul,.,tic }l c f th~ f c rndr hns l -eon <Je
scnte~ (Benoit 1 25), a.s a mixture of t\3le"linnticn tJn. multirolar :rrclifer1tion. 
The mnbrycs are f evolc_)eci u:1 t ·.) the 11 .\ctinulv" stot:e within the g-.mo:·~hc-ro . Tho 
;,ctinule. l nrvl'\ is tc bo cunsi\~ erod -s " ':"r oc .;ciuusly r.1ot:"norph,•sine form, pnrt 
planu1'1 nnri l'nrt rolyp, 

By tensing S')l'!le fern le gan(;rh.: r es onen with neerU"Js, collect o.m~ sketch e gs Pnd 
lnrvae in V8rious stages. The lnrvno just t,..,king sha:e nre flnttener'l with blunt 
mnr..::in"'l :' recesses. : t first these qre not syr:une tricnl in cutlino lut r nr1i nl 
sym.metry is 'lttnir .. e ::: lr.1ter. When the lorv'1 has reRchoCI the ~ ctinuln. staGe it hqs a 
mouth an.-'~ abor11l t entaclas, 11nrl e rounneo a bural roily thnt l(ltor becor:2os attached 
at its tip. 

Stuc~y "ncl sketch the structure cf !J fully formorl ~·~ctinule lf1rvl1. Look ove r s r-mo rir o 
"female" coloni~s for Ac t inuloo tez innine to e scnne fron the gon') :-'hcres. 1\ctinuloo 
.1.:.11 not c:ev "!lo ~~ furth2r without fo.edir.g . 

T11.hnbrio ~natcmy F.>ncl oevclo .;ment is illustrate(~ in the texts of Mnc !1ri~le '14, 
!-'~>r cl e;helt '36 anr1 Hyo11n 140. For cleavt=qe cf •. llen 1 00, H<Jr.:[itt, G. T. 1 09. Fr r 
,;on( phore cevelopment, cf Goette 1 07. 

c. Study cf Fcrrns with Degenerate Medusae. 

Examples with blast .style insi( e f{cnctheca.: CO!!lprrnularin, GcnL thyrcn. 
~ife Histc,rie s: 
A) Cc!'lrnnulnria., Gonc>thyrea; Zyguto (1evelc,~-,~ into pl,..nul '~ l a rva ins i de sessile 

decener nto mefusFl; PlanulA escapes, lives free ~wile , metnmor phoses into n 
polyr; Asexu~l multiplicnti m cy l"'u ·l s; Ccl ony f c;rnAtivn; Docenerttte modus-.L 
( gonoL'hores) f ormec on n 'blo stcsty~e; G· no ha r 0s mnture in situ; SP rm e r e> 
she0, e ~gs fertilized in situ. 

t) Hyrtractinio, Eudondriurn: Zygc t e devnlops into plar.ulr larv1 either ins i 0u 
gonos(;me (Eudent1rium) or nfter being shed frum g:m r s c,me (Hyi! r ncti nia ); 
Plr-mula metnmc~hoses into r clyp; Asmrunl multi plicDtic.n l'y burJs; Cc.;l ony 
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f 2rmaticn; Goncslmes fcrrnsd frcm Hydrorhiza (Hydactinia) ' r by transformnti n of 
-:y ... ~ranths (Eudendrium) : Gcnophores (hi hly reduced mec1usae <..'r spa S'lcs) B rne t•n 
- 1nvsones; E;gs ~nd sperm formed in the sporcsRcs; EgLs fertilizen in situ 
":c:;uden.irium) or t~uring shedding (Hydractinia). 
' 
j .. ~!?A fULARIA - (June, July) 

J-' ~-t snfe to try to ~istin~ish this genus fr~ Obeli~ hy th· ~nat my 1f tho 
f~P •..: ini ivir'unls. Even the gcn-.>se;mes a r e similar iP npr.onrr-mco in the t\.To 
i/' "': , 8'\Ch consisting of a trnns:1ar'int onothecn "'i th the rlac::t style extorl.4int> 
:·rc. .1 .-·,se to ti? MC ~ono•'hcres buic1ing fron it. 

7ne c-'~rikin<' cifforence is thnt Ob'3li'1 produces ne!'rly perfect fre -s\.Ti :l!ilim! ne.'usre, 
·;h<>-::- 23 C'U"'.p'lnulAria orc.~uces gono,.hcres s o utterly ~et",ener~1t th'1t their me'1usa-
.'.Jli. s true uro cpn only be mnde cut in secticns. Et:>ch :5onopht.re on the bl.,stost;vle 
:{ . '' 7cmale" colony contAins t1 W3ry l11r,..)e irr [;ulfl rly shr.ned e...;t, \.Thich is fertilize 1 
1·~ - '~ tt! , cleflves, fvl"'llS a morulu. , e;astrulf'_tes 1 y ol<1r.1inrtti('n • n 1 r '1Ch1S tho fr'1e
!''liT•i:::1;~ pl~nul11 stA.~e, still insi tu. C31ll ~ "nulnri'•, there .__r , r ... le.~ses from its 
,;t-:': ·· h.;ca not medus".le but plnr.uln.e . 

scc· :1·ss the gonoflhor es are so inccnsr.icucus nm1 tho enl·ry : s so (bvious, tho coloni s 
wh~. J~· ,1rcr3uce femAle gcno·;h\.)res an~ l~ ter cuutnin embry0s 'lre louRoly s cken of qs 
"fa''~nle11 colonies, nl thou :h they are [l..Sexunl . 

se:; .-.c t fr _ m o. "fem11lc " colony a mascme shc\.Tin~~ eg·-"" it• the ··asnl 1•onophores. 
~( ··wl it en a slide, study "'i th vnricus ma£;nificntic.ns un e r th. micr cscc ro, nnd 
sl ~·.-,c~ it. 

sc·.:-;t anti sketch Mother ~onl..)sume "'ith plnnulne showin·~ nenr the tip. Squeeze or 
qe:1 the gon: theca "'i th needles ano lH:er te thr> olnnulao . Notice their cilintocl 
ect:r'lerm am~ wn tch their move 1ents • . If the ~lo.nulnc are "'ell matured, they are t"'o 
cr three times longer thw l.;r oan . They shm.,r m'lgg t-like movements even \.Thilo "'i thin 
the wmvthcca. 

Ca.I:l':anularia is very .favorable for the study of plonuln mstnr11orphosis. Put A fe"' 
mature planulae nsice in sea. \.Tater (not more than 2 or 3 to a \.Tatch glgss) a nd cover 
them. They should attAch to the glllSS in abcut 4 to 10 hours. Each should then 
open 1'1 mouth, hud out tentacles, secret hyctrotheco. t=tn . (lOrisarc, ruln h~cume a full 
fnmed indi vi0uRl nclyp in t\.To or three days. When the plnnulFJe have nttached, the 
waser should te changA0 in the dish nt least t\.Tice a <~ay. Sketch sovem<Jl stages 
Lf Rtt r. chment and metamorphosis. 

The !Sunosomes of 11m11le 11 c ,loniPs nre simila r in for.n t c.' the female. The P-Onophores , 
uhen mature, E~re rounded pnn have 11 thin milky-gro.y color. The seem recc.'mo active 
when they are r'!ischarged inte; C<:•ntnct "'i th seA wntor, ns mny be seen by crushing A 

male ROnophore under Fl. cover slice "'hile \.T'3tchinf. it uncler the microscor.e. 

F:Jr illustrations of Ce.mpanulr..ria gcnophcr~) rJevel crm8nt c. f • . Goetto 1 07. 

GONOT''YREA (July, fm~ust) 
.• s in A rP-lifl, the me~usao . evelop "'i thin the ~oncthecn. When mnture, instc(ld of 
E1Wimming 1way they remain Btt 1:1 ched t o the end <j f the blast style, prPjocting outai<J<' 
the gone, theca in grou11s of three or fcur, like t"'y boluc ns. Within the l'~lls of tho 
medusqe the 6f:)7,S of "femnle" col0nies are fertilize'1 by the shed sperm from "male" 
culcnies. The zygote s develop to tha plnnulR stn(5e 1Jefcre being set free, after 
which the me0usae drop off. 

Sketch ~Jl('..nulae in VAriuus stnges of c1ovGlopm•mt in the proj ucting · ttached modus e 
cf r. 'ti ;1e "fem:tie" colony. (Wulfert '02). 
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::>nothyrea cleavage illustrated in Wulfert 1 02; Medusa develo ent in Goe te 1 07. 
~f. also texts of H~an '40 and Kcrschelt '36 . 

::v:;.a~cTn IA 
;.;--

(June, July, August ) 

colonies of this form are fairly common on Littorinn snail shells tnhahited by the 
s~F.ll hermit crab, Pagurus. There are three types of individunls in h full 
developed colony: ordinAry polyos (feeders), threadlike collin forms with no mouth 
~dan npicP~ knob of nemntocysts (stingers, common .st around the lip of the shell) 
wd goncsomes . The three tyoes all ~rise from a hydrorhiza network covering n ru.t
~d spine-studdied crust. 

a) Gonosomes and Gonoohores: 

The gonosomas or repredoctive indivi0u~ls rre usually without tont~cles ~nd have ~ 
l'J,rgc knob of n8matocysts on the proboscis; eoch benrs a numler of gonophoras, which 
qre medusa-buds reduced ta the stntus of sporCJSACS. Ripe "mnle" ~ d 11 famnle" 
coloniP.s can be told np::-rt with the n~ked eye since the eggs within tho spvrcs[ICS 
sre dull green agn.ins the r ed hydrorhizfl, -md the sporm when mnture nro n whi to mnss. 

Remove severn.l "mrlio" r epr oductive individullls showing ripe sp rosr.cs, nnd crush 
them slightly under a coverslip em a glnss sporosacs, end crush them slightly under 
1 coverslip on a gl11ss slide. This m'1y be done by dr11wing <Jff s T'lO of the water 
~o~ith blotting pAper. The sporos..,cs fnll fnr shnrt of being porfoct medus" .• N(1te 
stag8s in tho prcducticn of .penn within them. Burst n nature sporosnc ond study 
the sperm under high p~~er. 

Simularly, crush severru. "female" reproductive individu.,ls, t1nd observe the eggs 
~th their large germinal vesicles, in vt1rious stnees of devAlopment. Sketch the 
"femnle" gonos0me with its femple gonophcres and cont,..,ined eggs . 

b) Cleavage nnd Development 

If a numb'='lr of "male" and "female" col<'mies of Hydractin · n nro put together in o 
large dish of sea water (or ~ p~ir of prime colonies in 1 fingerbcwl) ~nd left over
night, eggs should be shed and fertilized between 7 1nd 9 q. m. WST. The shedding 
cpn be controlled by light. If fertiliz~tion and cl3Avaeo stnces ore neodGd lnter 
in the dl'ly or in the evening, the colcni <1s mny be kept illUJ"lin.nted during T-he 
preceding night, put in the d:trk for a c.ouplo of hcurs and r eillu."'linated cne hour 
before the time when shedding is desired. Eggs are shed in 55 minutes, sperm in 50 
ninut,s . Cf. Ballnrd '42. 

~~,~tari!1 ls fer the study of the E'lntire develc.ment cf Hydroctinin from egg tc p( lyp 
,dll be made av"'ilRble. If possible , observe the shoiiding of eggs nnd Rp8rm • 
.:>ketch eggs undP.rgc·ing first three clerwages , slong1tC'd e<Jstruln, swimrnin~ rmd 
1ttoched pl~nulne, metnrnorphcsine form nnd younc polyps. 

EF?gs are henvily yolky nnd usunlly gr oen, but occnsi<,nnlly gr·w, or n.nf'3 or pink. 
11,tur'ltiun t9~es plAce during the hnlf hour proceding shedding Rnd pol11r bvrli11s nre 
.Lest soun after, a loose jelly bein£S the only ccwerinF. of the er~g . 

vleaV'I.;J9 mny be irregular or even Ch!lutic, but USUnlly the slightly nJ'leboi<l Ofjg 
undsrt:;ves throe equal t 0t11l cleovnges, 011.Ch r.t righ t 1ngles to tho proceed ins. Tho 
separ,.,ting poirs of blast~,meres tend to ret., in bro.<Hi pr otopl.nsnic connocticns with 
each ether en tho side opposite to thP. cleavngo furrow, until just bef0ro tho 
succeectinr, clenvn3es begin. It is snon npo~rent thot there is much vnrintiun in t~e 
+imo •md der;ree of shifting of posi tic..r.s cf th:J blnstcmeres , but the extr'l.c rdinAry 
·md c:h~otic clenvage p':lttorns commonly Sf.lon in the clnssroum are e;ften tho r esult 
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,.. r -;rying up Pn--1 cor.centraticn cf S9t.l wnter, or o har unfav~r"ble circumstflnces. 

v1totic sychrcnisn quickly ~isn e~rs. G~strulntion is s~ io to st~rt even AS ear ly 
~s the 16 cell stag:"' , by mixe.i dela-:rlnatic.-n and multip.)lAr r roliferntion. Th 
.~astruln loses its spherical f t'I"l:l and S~)en~s n fe \..' hours ns nn irret!Ulorly burnny 
;blcn·~ nnss, then r eturns to the s hcrical f nn and ~rn unlly l"'ngthcn. into the 
nl"r.ull: !'':-rm • 

.:. t h' er:d of 24 hcurs the embryo is a "rreplnnulc." (Teissier 127) with <~n el n>;ntcd 
ovoi ~ f orm, reCOI:lllZ3ble pol~rity and ciliAtiC'n Which enables it t~ S\·Jim h avily. 
~uring severnl d~ys it l en· thens, ono end bee mmng slinner end slL~er, while it 
rolls E'nd crE>.wls !~long the bottom like a plonarion. The bi,, en,' which s;oos first 
in this I"lCV9ment is th .~ end which later . rt duces tho adhesive disc by "'hich it 
Bttnches f or metanL rphcsis. It becones the ab~1rol nd cf the p lyp. 

Following att,chr"lent cf the ~ttenuntc~ .!JlanulA, the r e is !'I ~~elay , f a few h< urs tv 
sever£11 d"ys, and then the tt'l perinP, frt~e end shri11ks down fllmcst to the substrnte , 
where it shortly pr cduccs a oouth nnct e successi~n of t ent, cles . The new polyp 
elon~:;r t e s, its attnched and t:hJanwhile ncti vely serJdir.;; \)Ut n number of nnnst"'m~)sin T 

and encrusting hydr crhiza pr ocesse s fr0Ill which spr <ut new polyps, 

Illustr'1tions of clAaV'1":> in Buntinr, 194, Beckwith ,' 14; uf later plnnuln d, volopment 
in Taissier '37; of devel0;1in.J, 'mos<...me in Goette '0'7 on<'! 1 16, 

~QDEtmRIUM (July, n.ur,ust) 

The [;onoscmes of this ~enus are degener ate sessile nedusa-forms or vonophor es , 
strikin~ly c iffe r ent in the twu sexes, borne ot the b:1ses of srecinl hydrrnths which 
lose their t entacl es E'nr de ,enernte while th0 gononhores nr~ ripenin!_S . 

11Fel'!'lflle" colonies benr loc..se irregule r tufts of socr osncs attnched to the stems, 
each rine sporcs~c being bri~ht or cmee in col< r. "Male"colonies bear lir;ht pink 
spcr osRcs arr~ngen in grouos of two to f our or nore in a line, the lines radiating 
from a common point on the base 0f the degenerated hyrr, nth. The ri-rest mole 
snorcs~cs <'ccur a t the T"eriphery of the cluster A.no IJ.re white with soerm. Sketch 
b~1th male "lnd fem!Jle SD0rosacs. 

Ecgs are fertilized within the fem nle ~cnorhor') or sr,orsnc, onct 'Jovelope t n tho 
:'llanula stage bef0re being liberA t ~)~ . (Hn.r eitt, C. W. 1 04). Tense out embryos frcm 
different coloni-:!s ond stur'ly nll ste.gos found. The eggs a r c so rich in yolk thet 
they cleave like insect eggs. The gtJStrulation is by an extraordinAry syncytial 
iel~1ina tion. Metcmorphosis is simple. 

~udennrium cleavage illustrated in Hargitt '04 (zool. Jahrb.); Gonusor.1e develorment 
in Goette '07. Cf. olso t Gxts by Korschelt 1 36 ~nd Hyman 1 40 . 

. 1JevGloj)11lent of Scyphozoa 

SH~ELIA OR CYA~~A (Arril, June) 

~cth the se j elly fishes have oral lubes extending downward . In mature specimens 
:rE>nul'l r material will be found entfl.nglerl on the lobes or contA.ined in small br oor3 
sacs in the lobes. Te~se off some c f this materi~l into n dr op of sen wate r on a 
sli·le, and exprnine under the microscope. Embryos of different stages cnn be f ouncl, 
from spherical cleavin~ ecgs to oval gqstrulating forms and fully formon stocky, 
active plnnulae. (H~rgitt, G. T. t·~ ) Hein . '00/ Q)s cleavage re;~ular? Sketch 
+,he embryc,nic st~ges the t nre nvnileble. 



-8-

welect a number of activ~ planulae and place them in clean watch glasses of sea 
·ater for further study on later days. Their grac'ual h"ngein fonn, nt f'Chment 
~~the bottom, acquisition of tentrcles and elon ntion into the sessile cyphula 
~tQ~e can be easily followedo The resemblRnce of the scyphula to n simole 
-~.:.yp is obvious. Att-.chment plus the fonMtion of 2 to 4 te tncle o.curs on the 
:,6 ·v:1'1 d'ly, '3S does the development of An open mouth. There nr 8 tentC'cles "lt 
'• ,.,.,.., , 16 at 2 weeks, 24 nt 1 month. Sketch the scyphulf'! in ~dde view n.nd in 

h" :~y:>hula or scyphistom~ stage lt1sts throughout the winter. The '\nim:1ls in-
c;r .. ms" in size. and undergo nsexu"l r eproduction by transversa fissicn i nto ephyJ·ne 
·rs-c:!':)biliz:J.tion"), end by other methods (Percivfll 1 23). The tiny ophr"~u (l•lrV'11 

jellyfishes) n.re lioornted n.nd gr1du,.,lly tr:ms6onn into th<' :1dult form ov r n 
period of mqny months. 

ur6liR life history illustr:ltod in the taxts of MncBride '14, K rschult 1 36 nnd 
;ly.ll'\'cl ! 40. 
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Reconstitution in 'l'uoul· ri " 

'1''13 P!'ecesscs ov ·mien o r snisms re1l c ~ 1 st p 
r:- 8 r": o i:: t s of s i · i l a r 1 t y ·, 1 n r "o n ~ ·· c '. o r1i c 

e ·---lor- :::~ t. 1' ~us, in tne o togen~. of lvS t 1er is e 
f•S.,., o of c <> ll .ulti li ut'or. i li it..~.e o,... no eel ul· ' ii · ~.:; r-

AJ:ti[; ion (cl J:::vo.P:J st ~>P.:es) fo 1o· e 07: t ·c er. o· i r. · ; tc 
c el_ulrr. 1i:1a.".:;::ti8tion •ccurs. In r egener'- t.lo. t. f• fi1 nt 
of th<;Se t··:o periods is r8 ! !' ~.;S..) .• €. OV l ne 10...,! c.. tion Of tnc 
bl E st ec~ , End t na s cc on ~ , b its difiere1 ~ i c t1on . 

Co.: len t 3 ~· [.. t e ::; r p lc c 0 lost p r. r t s · ·it 1 "" r c.. t f t c i 11 t. ~- but 
the p ·&.c e ss dif. a1.·s frO!'l tru.e re e:'}.3r:.... tion oe c ut s u .1o i >lCr3 sc 
i n c e ll di \l sion h[.~ be ::n de o ::.s tr ~.t.'d c:1l1 t-.0·~ is no olsster£ 
fro· ... n1 cn t ~-e neH n.drr,tn. dJ:i.:'er>oc· i rres . i kewi c , t n(...::'v r0 

n o spe ci r l r"' s~rve cel.i.s to be co · e ::· ct.ivt t -'rt b ,\· r· 
g iv ·.:; rise to t::c.-)n.:;·,, structu r· s. l nstt:; a, t ::.:.. cu·. 
nvr l ed o. Th e ·3Xt'c.!sion g,n,i rriCJ:r8tion of ·- 1: · co1t 
· itnout c-r.y na ''' rz:ro·:rr. n , tr <r sfo,..,r•1t tion of cel J s of tnt' 
p a rts of T,nJ by drcnth t " ke s plt: ce. ~··1i s t : I• ~ of r e r l · c e,,.. .3nt ef 
lost I'arts is kno··:n 8 S "'Gconstitu· ion i n st0:. d of rc h me"- tion. 

'1'he study of reconsci cutio:-;r. l devGloJmer.t h· s ot· . .:; innvrcnt 
s dvEJnt aga s ove r embr.:oni c deYe lop ent, C ~"' i cf <"f W!.J e n is t hn t in 
reco nsti·tution o ne CL'n study c e ll difl'e: o:-1ti c. t1on ·l i t n out n v i 11{" 
c ell division 8 S e s 3eious co.·,pli c utin ·~ proce::;s .. J.\nother r dvnn t nr;e 
is r,nc t. of size. heco ,sti tt:ti r:g e-r s:<;an"' r. r e gene r l ly crmsidornbly 
l 6rr;or , Bnd consequently e :::: .3ier to obs c r re nd J•8nipul2 te, t hrn 
<.r e thas.c i n the embryo • .jinc e th;:; &nE lysis of <.nl s process hus 
b een C C rricd f c rther in 'l'UbUl&rie t hr n in o the r forriS , V~ She ll 
study re co r i~itution i ~ t.his genus in t na l c bor~tory exe cises . 

ri'h·J dif i erences in rne tubul::, ' 1~ n St.t.; i· tH' e so s llr;:-ht t •ll t 
t r,GV E'or0 Y' ~f d j 1 ~y 81 -c e r ,~ ci OT' !'(:} C Y· 3Gri oy u 1 t or·£ t ions i n tne 
e xternr l or i nte""n<:.l e~vLrQnmer~t . If th8 s r..:;n, 1 ~; c ur into Sl,Ja ll 
piec e s er c •1 p1eca ··.il.t form r. hydranth at the dlStDl out none 
8t thJ p~G xim& l end , t hus exhioiti~; polLrity. owev~r, if t~~ 
distal and is innlcltod by eny means (by oei ~g cove red by sand, 
Mo~g2hO~; a g l as s tube, Barth 1 38; by being ll ~& tured , barth, '38; 
or by deoxygenated se£. wrtc r, ll,illor 1 37) the proximDl end will 
form & nydranth. lndeed, merely r emoving o piece of paris LrC 
from the middle ofthe steci wil l permit tnd c e lls underlying it 
to diffJrontie.te (Zwilling, 1 39, ,.,.ol<:umura , 1 39), Obviously, 
8nY cells of ~ubulrria if ex~os ed .t o norma l s ev weter wil l form 
a nydranth if they 6re not inhibited from do1n~ so b y ~n earlier 
developing dist o l hydr>Lnth. ~nis r e pr0 ssiva r ction is known os 
'tDominoncc" Lnd the ···or;1on 0xcrt.in:7, tni s influence is known os 
the "Dominant qegion 11 • · 

Do~inL nce is i mr ort[nt eroryolo ~ic8lly s s i t rllows t no 
form~tio~ of 2 sin~l 3 structu~a from £ mLs~ of tis ~ue wnich io 
c E.prblv of formin~ n1oro t n1" oni, structu~'u . . Lne rd!non w~1ich 
h os th3 p;r 01:•to r tandanc . to form u struc-curv r"p e s .;:Js tdj( c .mt 
tissue from formin~ t 1ut structur~. rnis miYht be 0Xl1 Ei nud on 
& nutritur.ionLl o c. sls with tha r~Gior. of r~rr,[ t~;;st a cUvit.y cirt,wing 
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m!'te i[: ls c.··wy from ed 'scant -r>ep;ions. ln a "'ro. dcd mus:.. of cells 
&3 001r ins in th~ gcstr~lE st~~a tnvr· rn st ba c kvd~ co patition 
oet"acn ·orious calls for nutriment Pnd a muturl inti itlon ov 
c~lls ccusJd b~ tneir excrotorl pro ucts . In both of sa pn~nom-
er.e:. the r.o:-J rc idly I!Ot&bolizing c 11 h~s tha t.di t.t.t g-v 1.. nd is 
most l:: :c y r.o dir'1"0rdnticte . 

Tr.~.a cbov .... si tu£~.t ion ccn be brou<-=ht c. bout cxp0riment .... lly y 
-v l'i!"l ~ !_ nr ss of cells r.nd plrcin,- c. b .rrier to free diffu sion 
o~- one si v of tha J.w ss. l'his is usuully ~:ccof'1plishorl y cllov•in11; 
~n3 mLss to sctrla on the bottom of th8 container. This he:.s th~ 
du~l e(fect of incrans1ng tne concantrLtion of excretory products 
an· dacrats i ng th~ oxygen tension.in tha regi n of contt.ct. 
Dif.fJrentic:t1on is inhio1ted on this side v1h1lc t e tndr" th 
forrds fro1,_ tha cells of tha oppo::>i te sidv. (Goldin r.nd .:%rth' 41, 
Child '28). 

In th3 cr.s..:: of 'l'uoulr.ri{ it hc s oaen sho·rm tnDt the puriscrc 
c. round the cells £.c ts c s c n1...turrl barrivr to fre0 diffusion of 
oxygen ( 1Yli ller 1 40, 1 42). r,nd tho t th.J nydrnnth forms r t tha cut 
end be cause the se cells Dr G relcLsed from en inhibition c~...used 

by both exc:ratory products rnd low ox:sen tension (Zwillin . 1 38, 
Goldin 1 38a , 1 38b, Mill8r 1 39). 

Collection &nd Cere of ~ubultri8 

~hooreticclly ~ubul cri & is c solitory form but rctur lly so 
mcnyindivuGls grow to~ether th8t c dense t ungled muss usuc lly r e sults 
in the older forms. ~oun~ short stems nrc tho bes t for experimon
tcl work end con be obt~ined from fleets rnd rocks where the 
current is swift.. In goncrcl it is bast to collect your own 
stems. Since the stems need running wct0r r nd n low temperature 
they do not keep well in tna lc.bor&tory. In natura the hydranths 
drop off &bout the and of July nnd tne stems rem~in dormont until 
the wctor cools do~;n in tho f ull. P.t •oods Hole the stems appear 
in mid June Gnd c cn ba used until August. Howeve~, since the 
wrta rs of Cope Cod Bey on the north s~oro Gre much colde r, 
Tubulcrio mcy be obt&ined from the north end of tho ern l through
out Au gu st. The b 3st method of keJping them in tho lrbor*tory 
is to plnc8 eccn bunch in o 3000ml beaker on steps which a llow 
the wr ter to c r sccdo from one oenker to tho n ext below to insure 
vi gorous circul c~ion. 

~he stems LS collected very in length, tnichness and in 
gen~ rnl physiologic~! condit1on (some ere crushed, so~o st8rvod, 
others old with l r,rge go no pharos). 'l'norafore, 10 cut the stems 
off end sort them out 1n c. lt<rgo finger bod boing c: reful not to 
crush ~hem. F'or most work stems c,bout lOmm in length nrc sui t nble. 
These Lre selected fo~ uniform dirmetcr end Eppccronce. The 
hydrunth-is cut off c. f ew mm from its bt.so. lt is nocossrry to 
cut off 3-5mm of the st.em with the hydrrnth os this pt.rt of tho 
stem does not r Jgonorote consistently, especi~lly in older stems. 

Even cft~r selection, the stems show some v~riobility in rogen
erLtion and so it is best to pool ell the ster.s for one exporimont 
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c..nd Sv .:c t r t r;::1dorr: for cne v~r1ous _trts of t."l. .·, · ri.\:.-1t . 
'.!.'hus , i f you ~ rG tr,; tL.- tho s oms in 4 iffe .... .:.nt 
S!WJ.ld s,.,p<:n. t:; 'Chv stors into 5lots r t Nndo-· usi:-1.,. ona lot 
E' s r con-c'~ol. '11hv nur;Jb~;;r in 0[ ct. lot duponds on t~10 n ~ tur of 
'ClB ;Xpvrir ,mt. ~t r;ny ~..;Xp0ri ,_,nt s t r~., of thv ell or non n·.turu 
:..r~d 10 S'C JLS in ~e cn lot erd s .. ffici '1r:t. I .._xpvrinJvnts ·dnvl'0 

ret e of ra ~anerttion is compc..rad under diff~rent conditions it 
is o"'st to us e nbout 25 st"'r s in 0uc n lot . '11h is iv~ s su.-cisf t ctory 
i CCurrc) i n cvarLging r~tes. 

~he stems cr_ kopt i n runni ng wtta~ r n ~o Loy p £C ln _ tno~ 
in SyrLCUSd w£tctl g l r sses whi c n Era fir st su ffi 3~gvd in l·r~e 
finger bo ·,. ls tnrou.~n ',tnlcn S vc ·:;~t:::r i s running . ~r; re must bv 
'C b~{.,;n tnv.t th.:; stens £. re not \ 'r"sn.:. d rhr.y . 

The instrumonts usod for cuttir p; rnd nrndling tro t• h1 rp 
sc~:lpel, c:. prir of snt.rp scis s ors, r. p· ir of fol:'c ops fnd f 

rnodic1 nJ drop~cr. In usi ng th~ for c a s c rd •ust ba tfl0n thc t 
only -cno pt rts ·,nich l'rv f 1nc 11.>' cut off nd disc~ rd..;d Ere hf ndled . 
::itcnls r r e most ar sily trimmed to si ze by c tti r,g them on ~ rrlflSS 
plE:. t G ove r [ bl r c Dcckground with t rule r r l on<r .·nich the oropor 
l .:;ngtn mty bG meE. sur~d . aft~r tne stems h Evo been cut to size 
~hey rre trcnsfJrrad ~1th c pipet-ce end must no~ b o h •ndlod 
·.;;i th forcaps. 

··hen the L;mp..;rL tur ~~ of runnirw sa ,. :.. ter gets obo ve 25oc 
i t is n0cessEry to k0 a p tn0 std~ S in~ rofri~orttod br th or i n 
s t opparcd f l L s k s ':v i th ~. n r tmos ph..; rt:: of oxy >;cn . 

Expvrimon ts to Perform 

1. '110 Dcmonstrc t e Dor.t inc. n co 

Four lots of 10 stums GL e n will bo us a d. 
Lot 1 long stdms (12 mm 'long £ftGr cutting) 
Lot 2 s 110 rt stems ( b mm long r.ft ..;r cutt1.ng ) 
Lot 3 short stet·JS (6 nun ) ligcturod i n tnv middl0 
Lot 4 vary s h ort s tmus ( 2 to 3 mm long nft o r cutting ) 

In propGrJ.ng tho s e lots bd Vdry c~rdful to r.:;movo 3mm or more 
of the s cera v; i t h the hydr :...n'Ch. 

vvi th ro r;E rd to tho proxun£. 1 hydr c..n th tn1s 1.s 1:1n ull or none 
typo of oxperimont. If tukon from he 8ltny coloni es thv d~veloping 
distal hydr£nth e ithe r will comple t e l y prevent hydr8nth reconsti
tution "o t the proxiwo l and of tho pi ~ c e or wil l have littla effoct 
upon it. 

Pl&c o the stam s in Syr[CUS 3 dish~a i n £ l e rge finge r bowl 
through which a curren t of s ~& ~~ ter is flowin~ ~ntly, or in 
finger bo~ls ke pt on the s Jc wrter t ole . At 48 hours the 
reconstitutod hydronths should hGV~ em..;rgod from the p0ris nrc; 
Record the numbar of dist ~ l • nd proximr l hydr~nths i n 0rch lot. 
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2 Effacts of r0ducin ~et~bolic axch_n~c through on0 n of the stem. 

Cut 20 lOrnm long St;~ms in such e ·.n:;:,- tt.r t th..3 two vnds of tho 
stems c~· n be dis tins;;uished . lnis rnr.y b e e.ccomplished very sin,pl~ 
by mddng tno di stcl cut c. t f n oolique onG:lo ond thG proxi.m~' 1 cut 
rt ~ rig~t; engle t;o tha stem • . 

Ins :;rt the distr.l ends of 10 of thus..; into some ··w shud s nd 
i n o finge r bo~l filled with sec w£ter end insert the 
ends of the other 10 into the s end . hfter 36 to 48 hours r~movc 
end count th..; hydrc.nths which h£"V0 developed c.t distrl t.nd 
proxirncl ands (Cf. LOrgLn '03). 

3 . Effects of Oxygon upon qaconstitution 

Cut 20 or moru 6 or 8 mm pieces, 1-lE Cv hnlf of thortl in e 
200cc Erlenmey..:lr fl csk fill ed to tho top vii th oxygon,1tcd son w .ter 
0nd stoppar ti ghtly so tnLt no uir is trcppod in the flasK . Pl c 
tho othe r h[lf of the stems in c. similur fltsk filled with suo 
w~tcr through which nitrogen h~ s be~n bubbled. hft er 3b to 48 
hours count the numbe r of hydrunths reconstitutud in ench flr sk. 
If you ~·1i sh to continue the expGriment, thv s t0ms from tho nitro
g~mr. t .:::d fl L sk mc.y nov1 bo trc.nsferr•ed to the oxygonr tud flL.sk nnd 
t ne ir ebility to r econstitute c ~n still be elicite d ( Cf. Borth'38). 

4. Effects of Oxygen y pon Sc a l e of Org8niza tion and upon 
dipol ~ rity (Cf • . fu ille r 1 49) 

Cut 60 or moPe vury short pieces (1-l~rnm long), se l ect 50 
which nre most nearly the s ame size end divldo into t wo lots of 
25 ac.. ch. 

Lot 1. ~lace tha pieces of this lot in the fl Lsk of oxygon ntod 
s e2 w~ ter you prcpl r ud for expe riment 3 • . (Since they ar c very 
small there is no dcngor of confusing thds e pi e ce s with the 6 or 8 
mm pi e ce s you c lr...,r..dy pl nced in it}. 

Lot 2. Pl~ce the se pieces in ~ cove r ed finge rbowl or Erlen
meyer fl a sk on thd wc t 0r tl.ble. 

Count the number of comple te hydrnnths r econstituted and al so 
the numbe rs of va rious perti a l hydrnnths beginning abou t 48 hours 
cft e r the experiment w&s started. Since the p&rti c l hyironths nre 
unrble to emerge from the poris nrc, it wil l b e necess nry in most 
c rse s to squirt them out by drLwing thorn up into en eyo droppe r 
ond Sque ~ zing the bulb rapidly. 

~ ote t hbt 0xygen incrc~s~ s: 
(1} t he percent age of piocas th~t r0constitut o . 
(2) tne number of pGrti ~l nydruntns ( ~ r~sult of its 

eff e c t upon t he size of tne primordi o when there is 
not enough tissue in the piccu to form & l e rge r hydranth) 

( 3) the percent t.ge of bipol [:, r types . Cftn you suggest an 
explunction for the incrG[St::d fre quency of bipolLr 
type s in short ui e ce s os & r e sult of oxygenr tion, 
when it decre[ S8S bipol[ rity in longer stems? 
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5. DemonstrDtion of the libcr£tion of inhibitors of reconstitution 
by ~he cut ends of stems. 

Fill 10 pi.ac~s of lmm glrss tubing 15mm lon with OX/ on. 
( r1..nis ccn bG done very rec.dily undar \:c.t.Gr) .• .hffix one und of 
~Ec~ to o s~~ll rmount of neutr~l plrsticine ttcched to the 
bottom of the fingar bov·l end inso::rt into 5 the di stcl end (cut 
ooliquely) of t lOmm piecG of s~cm. Into the other five i1 ort 
~he proxim~l ends (cut trrnsvarscly) of similcr piuccs. ~rt~r 
36 hours record the hydr£n~hs reconstituted et the exposed onds 
rnd thoso a~ the ends inserted in the o2 filled tubes (Cf. Ros 
end Rose 1 41, ~illGr 1 42). 

6 . ~o Dcmonstrcte Effect s of Acidity upon heconstitution 

'l'ubulr riL !"!: s b,:;er.. found to b0 vvry sans i ti vo to r.cidi ty .. 
( Goldin 1 42c, 1 42b)~ An ext~rnrl prl of 6 will co~plotcly prevent 
reconsti~ution. Obsarve stems whicn hLve been injected with 
phenol r ed 30 hours ctrlier End plrcod in ~lrss tubes which 
i 1tcrfcre with tho rolo r s J of those prl lowering substtncc s. 
Comprro those with sten.s wnich h.ve boon injcctud but hovJ not 
been pl~ced in long tubes. ur vw rnd color one st0m from 0~ch lot. 
11ft0r the hydrc.nths hLve emerged tnoy r.u_y bo drcv;n rnd colored 
ngrin (Cf. ruillur 1 49). 

7. Gredients in R0 constitu~ion 

There [.r~ quenti tt tl ve differe11C0S t. long tnG s t.;;m ~uuch c c.n 
bo dc)monstr r. tud i n r. VDri-.;t~y of vH J-S, but p.:... r h[·JJS trw most signif• 
ic &nt is the difference in rEt0 rnd size of tha products of recon
stitution ~t different l~vels of tho stem. If the re is mct8ricl 
r.nd time you mey demonstrcto this grEdient by cutting long stems 
into thirds 2nd r ecording the time of ~ppe . r r nco of the constriction 
s opc rating the future hydranth from the neck r egion (b~rth 1 38). 
Since this constriction ~ PP< Grs fror-. 24 hour s ~, ft-..r cutting nnd 
the still unconstric ted sterns should b e cxr mined ev0ry t';VO hours 
until it zppe~rs, it is well to begin this experiment 8S eorly 
in the dry &S prrcticr.l. 

Select 25rnm sterns for homogeneity with rogrrd to di~meter ond 
cpper.:rc.nco t.nd oft0r r emovr. l of the hydr8.nth cut ench into threo 
pieces of e qu cl length (6mm) end discGrd whet is loft. Pl~co 
them in septrnte fing0r bowls marked Distal, ~iddle 8nd Proximal 
2nd keep on r: vn ttJr t£· ble until they h£, VCJ been recorded. (If you 
hGve on oculrr micrometer tne length of the hydrcnth con be 
cccurctely mcnsured rlso). After they Bll have reconstituted 
£.verrga tirr:es(v.nd l engths) should be colculr·toEl. wh~t f cctors 
can you suggest which might plny [ role in the difforentirl 
vmich your exporiments reve[ 1 '? 
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ru::rr c:. TES 

A con r ehensi ve s UTvey of cev-~lopnentul ;:rocesses in he tur.icnt s would includ 
exo~ina.tion not only of eggs o.n' cn':n-yos but nlso of r.1 tnnorphosinr; 1 l .. 'lrnc., ""nrious 
v;!)eS of vegett.tive TC?roduction, and regenerr..ting for.~s . Be ~use these dev lop 

::;0ntr.l forr:ts nust be cons .ntly relntcd to -ho structu e of lt..rvne nd tid.ults, it 
::: nocesser:,' -chc..t tho stud~. ts should first of · 11 revim in n st nde.rd t xt the 
-;.: tory r.nd life historJ of the COI'!'.!"'On ty~es of tunic" tcs. 

A. SH:PLE ASCI DI.:J1S 

( "'l. "' t: nc ::le CynthiR) 

., ... :-'s cLssic doscri':"\tion of thi ... devclop;1e·nt of S-c:-relf< o...,r;s (19C5) . vi ·o ... t .... 
~1('; 11 ,c,log icnl buckground for the oxperil:ental o1·k on the o rr;nniz ntio::1 of T mi~ t... 
c;;~r. ~ r.nd e:-.:br~'OS. Con~li~' s figures sho ld cc rt: inly C' r cfe rrnd to uring th\, 
fo: -t ·,·;·inc stuC.ics . 

·~.::• \;h t r uly her.:u:tphroditic , Styela is or:ina.rily self-sterile like severAl ot'~ · 
.~ sc. ]jans (Vorr:an, 1~38). It sheds the e~gs and snerm betwer>n '~ • nd 7 n . J'1., lld 

.n""' ;"lization ta.:.Ces nlace ·.hen ri(le ;:.,ar.1etes from two rliff rent indivi unl~ i~et 

;;1:;.; .<. It :s easy to :nt.ve et;t;s she• and dlertilized on nor.r.al schedule in the 
lal c:·c. tor~r, be:'; this entails the disadvantage of having to study tho J:ligrntions of' 
yell··t. ~ignem; •'·ithin them by artificial light. 

The ·..:-.ass ic method of obt:-.1ining egz;s and embryos from St'Jc.l~ has be n to l"linco thu 
gor<rl.~ from a. nwnber of lnrge individunls tor;et~1er in a. dish of sen 'Vnter. This 
~:.1 :·c:..tes nll stc.[;es in the mutu.otion of egc;s n.nd sperm, end usually u few egr:;s 
v:'J.L be fertilized, 1"1/hr\ tever the time of day or night, end will commence normo.l 
d.evelopment . 

s. It! . Rose (1939) has developed o method of controlling the ncturrl spc\'ming in the 
lp.borr.tor y by illumination, and this is the best ·wr~y to get fertilizt't ion for 
experimcntnl m&.terial. It workS. well except for o. few "'reeks in mid-summer, when tho 
o.niinrls e.re s;.>ent. By such control, tho S£::nc butch of r.nimnls con be induced to 
shed e. nwnbe r of tiiT!os on successive d&.ys. They nrc kept darkened in running seo
wa.t\3r until eleven or twelve hours befo~e fcrtilizc.tion is desired, nnd then en 
artificiol day is st(.rted by tuvning on un electric light . i1. 40 vrutt bulb 18" from 
the c.nimcls is suffici~mt. Eggs c.nd sperm a r e disohnrged in clouds !'t the desired 
tim.'J . 

b. Fr.turo Unfertilized Egg. 

Sketch the mature, unfertilized egg (di~meter: O.l5mm.) which should shuw the 
follov,·ine;: 

(1) Chorion1 (.\. tough mcmbrc.no with perhaps n f ev; follicle cells adhering 
to its outer surfGce. 

(2) Smdl sphericc.l inner follicle colls ("nurse cells") between chorion a nd 
ogg itsolf. They contnin yellow e;ro.nulos . 

( 3) Periphon.l l cy v r of egg, c. clertr lay er contc ining minute yellow gro.nules. 
(4) Ccntn l p~rt 1 consisting of grEy yolk plrtclcts. 
( 5) Germinal vc~icle , u very large eccentrically pln.ced muss . 
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c . Post- Fertilization RearranGe~en~s 

:his is a difficult ~rocess to observe as ~ost er,0 s iave too little ~iGmru1t, nn 
re·.t are fertile in 11ninced 11 cul ures . It is better to omit this sect·on and to 
c:)ncentr e.te on cleuva~;e and gastrula~ion . !hen, if tir.le is available nnd if ho 
eGss this year contain sufficient pigment, these renrrnngenents nay be st diod . 

-:>!"0'=' e.:ure 
~;-h snall C.ish cor:tuini! g sor1e unfertilized pit;'""lented eggs, add a drop of sp r u. 
! h~r r~uickl~· trG.nsfer so!"e of the egr;s to o slide . 

~·v !·ei' ..:.: ~.' vr t-.::1 for the :·e· rrnn~m:~ent of et_"f: substn:lces stc.rtini; within 2 - 8 min'lt s 
o.:·~er fe:-tilizr~ti")~ . :"1c cle;,r :.rcl:!.o""isl: perir!.tH'~,l n tt~.;r stn:w~s o the lor~·:· 

,~ · r.-er t!1e ~-olk , fo 1 .0' Lei ·..::, the cL.Jcr '"lroto'"'lc.s:n from th~ r.ninnl :"~Ol • 11 tl .' 
o;{ n.i.r;rr .. mt is not visitllC , tr;r " ::;-,ore ri_:'ltly colored Cf'"g . U<.t1 Oll:.· ci~lyli ~t I 

f-::1· ·l lw.1in:.tion, t nd ht.Yc the dit n: rnv.~: of the :"!i roscor•' •nae or- n . Roll 'ho C(:f!. 

r.r :1d by :novin,; the co~.._rsfb 1•.it!1 t .needle . Tho ycllo" -i~ffliclc e lls mn:v 
~·l - he migrt.t:i.nG; wntch the 8(;g cortex . 

~·- · '-'1·t y yolk 1·i.s2s to occupy the U7):JE r nolo , ell cxcont tL~ s;1rc thn•· surroun 's 
t.: ,·.,tu r'"tion-:.: C"indl(, cor:rrlcx . Soon th·) :c1J01i sub:.;t. nee ~ccur.mlt t cs on ot:~.: · . rt 
r_, ·.:\u lo\';r ht.:r isphcre , \itlere it essumcs cre scvnti fllrr. lll!l1Cdintt.'ly \bo v Lh< 
" J pnrt of th:J :,rello•. cr .)scent is ~ h\yo:r :''o1·t.dd l:y thu clC'or cyto'1lcsm. 

•n,. ·tnst " C.·![ .• \:t.b le chc.rnctcristic of St~rcln is th t nm~· nt the cor:dusion of th '31) 

no·.- · ,ntc. t;_:; ~os ition of the future · :.rw. is Yisibly mcrked on tho surft' CC of th 
unc:!. ".vcd ecr: • The lJ y-oudest ·K rt of t he :,:cllm·: crescent is ot the nostcrior ~1ol•· , 
e.nd ,_nc horn[ \'rap half v.ra.y around the rigl:t rnd left sides . The animal Dole , 
where the t;e r :'linal vosic.ie lay , becOl;tes tho ventral-anterior side of the lC\:·vo. . 
Th• -,·,'getul pole , v;here the s~ernatozoon entered, is ti1e futuro dor"al side . To 
F.Y :'.d con.fusion , fi x firP1l:r• in your mind the r u lo.tionsh:!.1 b,;brecn 8£{; oricntt:tion . 
!"n.l dufinitive oxis of emb r yo . 

The .follm·: i ng appr oxir:tr.tu time schedule for tho embryo l ogy of Styeln i s from tho 
[r·::ut mo!lograr>h of C'Jnklin (1905) . Follow the events of cleav;.1ge in as much dotH il 
rs Possible . Observo go.s trul 1~tion a::1d lit.tch the tc.dpolc tr.ko shr..pc . Sketch a 
su..:cession of clcL. vr.r,o stege s, showing bilf'.ter £.1 symr etry r. nd lo co tion of yellow 
crurcent mc..tc ri c. l. Ske tch 1 t leo.st 2 stL.ges of e;ust r ul£,tion ·cmd 2 of elonc;nting 
pro -t:\dnoles. (This schGdulo is fo r normr..lly shoct co;s . If egr.;s ure obb' inod from 
11 mincod 11 cul t urcs , cl ec.vr·. g;G is dclr~ycd, the eggs C\n!)n r ently mrturing nt vrri c blc 
intcr vu. ls fl.f'tcr s t rikinz; the sen ••rr,. tcr .) 

!"crtil izution to 2 cells nftcr 40 minutes 
2nd clco.var;e " 4 II II 30 II 

3rd 11 II 8 It II 30 11 

4th It II 16 II " 20 II 

5th " II 32 II II 20 II 

6t!1 " II 64 11 II 20 II 

7t:1 II 11 112 11 11 20 II 

8th 11 11 218 II II 20 II 

To ncurc.l plC'. tc stUGC 1 2 more hours 
Fully l'or~ed tudno] e 12 hours t fter fertilization 

(1) First Clo:·.v[,ge . Equul , sepurnt ing tho two horns of the yollow crnsccnt from 
Elf<ch oth er, like ·tise b isectinG the o]o .. r nr otopl11sm f nte r io r to thl, yollov: . 
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"b·;o postcr'or cells (B3. on he left -~1d 3 on the right) conuia little •olk 
r,nd r::cticc.ll;:; n:!.l ~he yello·: cros.:cnt substn ce. Tho ntorior c lls 
(A3 on the left o.nd :.3 or. tho ri6ht) cont::,in ''1U~h ?Olk, e:.nd nro tic, lly non 
of "the rellow cresc01.t substunce . J'ho cleo.r "'rotopl£ Sl r;ocs oqur.lly to the 
four cells. 

(3) Third Clcr.vcs.J. >forizontc.l, the unner qu! d runt (c lls na., ~. 4 . nd b4) 
sone•;!:n.t sJ~!'.ller thr.n the lowcc qu;drt.nt(colls A4. A4, B·1 n B'-1.) The 
yello·.· crescent substnnce is c.lmost entirol • con1'ined to" tho ~ oo8t...,rior 
dor~r.l cells (B~. !!)• 

(4) Fourth Cl crwtt;e. The pbnes of cler.-.·: r; vnry in differen u drnnts, ut th. 
ne\·' c0lls do not OYo rlcr- tho srgi t nl nl::.no of the embryo. 'l\·w of the ontcro
dorsc.l cells :-.nd two of t 1e nostcro-vcntr( 1 cells of the 16- ell erabryo nre 
crov:ded u-Yiuy fro;-1 this sr, ~i ttcl ;1lnne, u· t r~ll other lls t uch it.. Tho 
dors:::.l hnrl vcntrcl !wnispheres at this stt\t;C or r.1irror ir.\c.t;cs . Tho y llov: 
pigncnt lies in four nostcrior cells: (BS.l(.lart;t·r cell), B5.2 "':aoller cf'll), 
BS.l e.nd B5.2). - --

(5) Fifth Cloavnge. Cloc..vaGe in tho dorsc.l (vcgctul) hcnisnhoro precede thnt in 
the vontrnl ( n.air.r:.. l)henisphcre , und clenm\GC in the c.nt0rior pCJ.rt of ouch 
hemisphere :)rcccdee: thL t in the postt.Jrior putt .. 

At the 32 cc;;ll stnse, tho yollm·; substa.nce is · .lnost entirely confined to six dorso .. 
')Osterior cells, thrc•3 on e' ch side of the midline (36 .. 2, !36.3, 86 .. 4, B6.,2, 86.3, 
B6.4)., They give ris e to nesoderm tnd :-:1esenchyrw. - --
Six yolY:-fillcd cells ::.t the vegetd 
the yellov: mcso:icrn cells, vill e;i-.,re 
B6~1, 

( dofini ti vc dorso-nostcrior) pole c' ntcrior to 
rise to ondodcnn: AG.l, A6.3, B6.l, A6~1, A6 .3, --

___.. 

Four cells o.t the r...ntcrior borde r of the oobryo just below the equntor (A6 .. 2, A6.4,. 
A6 .. 2, A6,4), cm d bm just c.bove the cquotor (n6.5 hnd ~) vrill Give rise to tho 
notach~and neurul plGto. 

All the rest of the ce lls u re ectoden1c.l. 

(6) Later Cleavage, bastrul&tion, neurulation. The gnstrula pnssos through disc• 
shaped, snucer-sho.ped and cup-shaped stnges starting with the 7th cleavage. 
As it finully becomes q;;:;-shn!)ed, the ge.strulo's blnstopore, found nt the 
smnll hind er.d, becomes •.r-sh""ned, the stem of tho T bordered by the yellow 
mesodenn-mesenchym: cells. 
Thccells overhnnt;in ;:; the crossbr.r of the T-shnned blastopore eona titutc its 
dorsal li!-'• They overgrow it, finully engulfinr, the yellow cells which from 
then on a re only seen dimly through tho translucent ectoderm . 
vratch the g r Qduc.l olo>1e:a tion of the embryo t:tnd the o.ppoo.rnnce of definite 
to..dpol0 form. (see Borrill, 182 9,. fi ~ . 10.) Ex!ll~tine old e r cultures 
shovring mcto.mo r phosis to c.dul t. Slkctch n 7 do.y old spec imon. 

In 1-day C'tl tures note CS:;Jecit,lly: notochord, musclo tc.il cul ls, cerebrnl vcsiclo 
with otolith r·.nd eye , cndostyle, 3 ndhos ive pf r>illuc. 
In 3-duy cultures mcto.morphosis is well o.dvanced. ·!ote the well developed 2-4 
res?irntory mn.pullce; orotostigmntn mny be nros0r.t v ith bontine; cilia; brnnchinl 
and o.trio.l sinhons; 0ndostylo , d ev e loping gut. 
In 7-do.y cul turcs ~ tho c..dul t form is woll snown nnd ore;tcns wedl dove loped. Tho 
respiro.tor~r n:.1pulle.e no lon1;or functionr,l. Hcrrt bet .. ting. 
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:.. li;ula {egc; die.net"'r - O.llr..r.:.) -
:r.e eg s of l'ol ·..Ua follm .. almost exa .tly 
':;ut th e;r do not; have i g;nen t. '"'he an ina 1 s 
-:e.y be obt&.ineC. at any time by mincing the 
:,~sus.ll·r occurs at daybreak. 

he ""18 "t " n of .ev lop:· .ent se n i1. St:eln, 
~re self~fertile. A few fertilit g-s 
gone s in sea water, nlthough s~mmin 

;:ose• s nethod for controlling the spawnin of !olgula or Ciona is to ut a few 
ir:di·:i d,.m.ls ir: a large dish of sea M.\ter aP.d store them in the de k, for instnn , 
ir. a desk drF! ter, until eggs are needed. :t.~olbula will shed 15 minutes or so nftor 
beinG broubht out ir. to the light, Ciona L'":'.:-nedia tel_r. The s , awning of th .s forms 
·.-:ill be ' ie:I::..J strated, 

start some rl.olc;ul&. egss developing. If dcvelo.,..,int:; e~t,S o.re isolo ... ed in \'!\ h 
gle.ss, tad;)Qles and young st£ges o:' metamorphosis E-re obtoinnble. Tndnoles uro ftlly 
for:ned in 8 hours. (Conklin, l905)._rote ebsence of "eye" but vell~devoloned otollth. 
Examine older cultures shov.'int; i•letamorphos is. Sketch u 3~dt.' ~pc imen •• 

In 1-dt.y cultures note the nrogrees of MeterlOrphos.i.s !:.~ n the nppeo.rt.n e of th..: 
resnirrtory en~ullac . 

In 3-day cultures note on0 very long res :1ir:.tory t:moulln t.nd severvl "m:tll ·r ones 
{Berri1I, 1929, fig. 18b); other structures s for Sty · ln. 
In 6-dr.y cultures noto the en1ergence of the 1 dul t c.ction system. The r•mul V\1 icle 
may be s cen close to the beotinc heart . 

1. M.J\ROUCIUV: Tf.DPOLES , i ET.AliiORPHOSIS, EPIC1 HDI1~L EUDDH1G. 
(Usunlly not uvcilablo until July) 

(See Pratt, 1935, Fig. 960 for sketch of adult r.m tomy) 
o.) Hethods, 
Tht: lD.rvae of Styeln end polguln nre so smell thct study of their interncl orgt•nizo.ti m 
is difficult . The compound c.scidic•n Amnrouci urn is vi viperous , and the l1 rgo tndooles 
o.re co.sily obttJined from ;JE1 r nt colonies, ?rovidcd th" mf'terinl is ripe c..nd hLs been 
collected quite recently. 

Tadpoles usunlly loc.vo the pnrcnt colony shortly r,fter sunrise.. These undumo.ged rnd 
fully developed individuals c~n be collected in the luborctory, ~nd they (...re the best 
materiel for the study of svrimming £tnd of motL>mornhosis. They collect Ht the top of 
the vwtcr on tho side of the tonk nenrest the liGht. 

If colonies t r e kept in t. shrouded c..quc.ri u;·n the shedding onn be oos tponcd until u 
more ser.som.blo hour, swc. rms of ~ctive tcdpolS>s usunlly c..ppeo.r within fifteen 
minutes of bringing ripe colonies out of the d •. rk. About n third of tho tc..dpolcs 
•rill ertcrge within hnlf c-~nct hour, if illumincted first nt nine o 1 clock in tho morning; 
if the colony is kept dt~ rk until mid-f.:.ffsrnoon r bout three .ut~:rtars of them will 
emerge within c. hdf nn hour. Nonrly ell of thorn v· ilJ col7l!'lenoo metnmorphosis within 
un hour of boine; shed . 

b) Trdoole structure rnd behGvior . 
Vlo t:.h Amt.rouoi ttm 'tn d p0ic s ·ww1fng in c Ji sn of Si.Jl' W1 t• •:r , :;hi! t r rt: thu rc.t.c ti ons to 
light 1nd gr•' vity'? How do they oropol ti.cmsdvos? ?lcco u fcvr t:dpoles on u slide 
an u smnll drop of vmter cmd study their c.nrtomy undr;r tho mioroscooo, (G,rc"ve, 1920, 
1921; Scott, 1946) 

Not ~11 structures oon be 5ocn in ~ living todnole. Nato the thick test with 
contoinE:d test-cells, the t dhesivc ·'c.pillne , the t•t r.i. rl sinhon (ncnr th~ tt.il) , tht; 
orul siphon ( usULllly lurgr;:r); n nd the sans ory vesicle between the two siphons. 

~--
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:r.e snall pigment cup with lens is c l ight-pcroei ving rf;t.n, nnd there is n smnll 
round bl~:ck st!:tio or,;nn t.lso within the sensory vesicle. In th 't:-il~ .ot 'tho 
:Juscle cells r,n' notochord. 

c. ,_c tnnorphosis. 
vl cc r doze .. or so tr:dpoles in c 1rop of wr tcr on c. drv :r.tch glc.ss for study o~ 
;:c-c.::o:-Dhosis . ··-hor. in the co·..u-se of the next hour tho t a,l~,;s hn\r' fir .. ly r.tt,chtJd 
~a th-, gl' ss, _de nore sec. \"~'ter to the dish~ After uttt. hr nt (so:lCtimcs • C'fore 
~h-:: r• . is ti..t J f,ttrch) tht:. tissun of the tt il is vstroy b,. ;:~hr.gocntc·s, t . s 
s";el:..s [!"ld ract··.J"1or nhosis is t·ndcr V.'r.y. \:ithin n couple .f h urs, novel~ r.t" ,f th 
!:JoJ:r r.i' y be )bsorv-;d. The n :sul ts of the c xtc!"lsi vc :..nd r:-mid i t rn l re gr•niz· ti 1n 
th'.i: is goit:t:; on ccn be ol.Jsorvcd best t ·10 1·ys to r woek h er (C'rt1ve, 1935). I. ko 
scv'.r' l t-'.me 'l sketches o:' the 13Xt.;rnr.l :.:. n<::cts of ; .• etc.nor1 hosis. 

ct . 1f,ter Stc.t~cs. 
ubserve r.nd slratch J~,et~ •.. o;"~hosed Am.r;.)uci~;:.l. indi vi uc.ls l"hich }u ·o er•n g"" ing f ,, r 
four dtys or so c.fter [ tu ch::1ent. Tht::y r r:J fr.steJ, ·d to \~ u.tch r;l: sscs vhicl hr o be n 
stored in frrliles under wc.t0r~ Gently fl sh debr is fro:i. the1 .• t.t the sot•-'•'·' tcr tn , , 
'nd ~void tioping of f their co•;cr of VHlb;r. Afte r .·king your r(Jcords yo \'ill 
retl~ rn th'...; spccime1 s, still living i.:.1 thdr \m:tch t,l: ss"'s, to th" frnm.s frot;~ v•hi h 
they i·re re t~-~:e:!'l. 

Ex' r.!i:!'le tho Rnecimer,s under low power first, for o rie nt< tion, If they nr,' gro\ ing 
uDrig;ht they I .• t.J be- flc.. ttcned out be gently lov C'rin n cover glhss on thc1~ . J'.t · no 
rmd of this c.nir:ol r.re t'~c ::-. tric.l t·nJ or- 1 si'1ho:1s , ·•t the , th< r is th post-t:bdom n , 
d th the he·, rt · t its ti;~ . '.''ntch th0 heert fur -;1C'riodic reversu.l of bon t. Ictontif'y 
t~e e"'licllrdium, c usu[~ lly -oig:l'1cntod str· ntl of tissuo running throughout the post
c.bdomen fro~ p"l· r ynx to hco.rt r e gion. It is the :gent in csoxuo.l reproducti on n.nd 
colony fJrmcti)n . 
Belo·w the sinhJns is the phf· ry:!'lx \"i th its throe ro-rs of l.UP'l<: rous stigr.1o. tr ( visccrr• l 
clefts). It op'ens into · short esoohe:.gus vrhich cor.11ects with l' round ycllo·J stomnch 
norked by i:luscult<r b!\nds . The intestine turns shc.rply c.ftcr lc·;ving the stomt.ch~ 
(,.Od ends ne r: r the o.trial siphon. The endustyle is sht.rply indi or tod ~g the \lOll 

of th-::: p!1t.rynx~ dclil"1i t L"lg the tv:o nttiol pouches. Those pouche~uao~HB pho.rynx, 
c.nd ooon to the exterior ot the o.trir\l siphon. 

e, Epiccrdinl Budding. 
Asexuc.l renroduction of new individuuls m .... y be seen in lo.borntory cultures o.bout 
17 duys oftcr uttc.chment of the tt..d?le.. Or, sv:o.rns of buds in ell stages of gr,JWth 
nnd l'!lif;rution cc.n usuc.lly be found nt the bc.-sos of the tiniest trc.nspu:rent finger
like lobes of u l nrge heel thy colony . Demonstrations will be niL. do of them, which 
should be sketehed ot low nognificr.tion. 

,'..sexucl r enroducti on is oceomplished by strobilization, i.e .. s egmcntotion of the 
oost-.c.htiomen which c :mtc.ins tho epicardial str(.nd. The buds consist nt first of 
inner vesicle (from cpicL. rdiun) end outer coverint; (from parent epider mis). b.ll 
internr.l orgc:ns of the new individU£..ls forn from tho e'JicurdiUI!l tissue, which wos 
c. pho.ryngc~l derivctivek i.e~ endodcrn .. 

This m.thod of t•sexuc.l rcpro<iuction is distinguished from others in Tunic£1tcs by 
being otlled Phuryngenl or Eoicc..:rdif,l Budding (Kowr lovsky k ' 74 , Bcrrill t 35). The 
enicc..rdir.l buds · While diffe r entiating into new zooids T1::>ve up t•nd tnko their plncc 
!)round tho ocrent . During the sttobilhntion o f the pr rt.::nt's postnbdorncn, thc, old 
herrt is isolr,ted end det;enerntes, r.:.nd t ... new hoLrt is regonerc.ted in tho pc,rcnt. 
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~·:::; ~YLLUS: '.1_";)P0LES, ::Er.·,.:oRPEJ'IS, _·,T~I.L Rt'DD::"G 
(Sketches .... -ill bo found in BC! .. rill, 1940, 1911) 

3otryllus is r..n.:>thc r cow;:>ound Lsci inr:, v:hich is found en rus~il."' on rocks, , .. h rvcs 
r:d flor ts. Ct:r· :::.ir. c .)lo:'d8s, brout~ht il to th" 1: .. orr.t.>ry cud '!)lt . c~d i. dish< s ()f 

oe:~. '. '. tcr, .. rill li:cr:.te 1;0~::; trdnol0s. T .... d :!>lcs rnd :...11 stc. 0 cs )f le, v·.~(· .n:l 
~c·.-.-._o""~r.e:.t ::~.y 'ls•.J be obt:-.inod by i.li .cir.g the coloni s ~:m! huntin in th d~,; r:~. 

~f 'tht' r:o~u!ly-shed t~.d?vles ~-rc pl~ ccd in c little sec \:~',ter i n ,,t.t ·h gl·~:>s, th~y 

_ao.: i: t t::-.ch 'C:) t.~3 dish ... nd c :1.'"1en ce t!,eir rr:.. ·, it:. netr.r.:orph.sis (:ter~t.n, F.c., 19:~)-

rl. • ~ i" ~ l c ~ ur 0 .... f :-.: d p 0 l c • 
:hY. ~.l.:=p~\fe is not t.s l: rbe t..s thnt of •\1. !'rvu iui.l, but s .J\•'B: til'. interestinG n· w 
fectur:. Juft undor the t.dhe~he ;?fnillce is r rir . . ,f 8 t .. rpull"e v·hi '1 nre di ·-)rti ul 
CJf the b0.::!y n 11, Jestir. )d to be r~r.rts ::>f the r s :c t li n-f .cti:m .1 t nd i~ c nl:l) h· 
cir::lul< tory systc':i (Gr· v0~ •.r..d ... oodb rid[;e , l92ll). Ir: n~tr.nor':ll10sis they unf1lc li:-:~ 
:)etc,ls of h i'l ::>wer I !'; d S"rer d I round th8 occ;c uf the d-... ~clo. ing tu:1ic·At • .'. thu 
colony grov:s these incro£,se in nunt.cr. 

In c.d('iti ::>n , identify the strt0lith, t. der.scly tlr-ck cu;' s ~~c1.dcc~ in the sensory 
ves ic l.c by t\ slender stal k c.nd cl.)sely ~-S SO •! i : ted t :i th light-scnsi ti ve e l ('fl(' 1t 
(Cr: •!e ond Riley, 1935); the two siphons; the nh:1rynx ·: itil r.everrl stit;Illu tr; tho 
sto~-:.'1 •;h <1nd ir.tes ·~il:e . Sketch the t~dpole . 

Tn.::· ':.(:;S ~·tt~ ch to r. substr• te ,·•ithin r.n h;ur or tv·o rft<'r h .tchi.ng. Tho J .. ot: nurphosis 
is u~r;: ·enrl: rf"'id (Gr·vc , 1935, Grc V·3 •nd Nichol, 1939). They often m8tUJ:lopphos( 
··i t::out • .. t-l:;:•ch:'..r:g nnd cttr:..ch n dt...y .)r so lr tor. 

b. Tv·')·d ·•y Old Fo:um. 1:..trirl Budding . 
Tc.dpor;: sh·:~-;,:e ·ooen r.llO\···ed to r.ttrch to wr tch r;lr ssos n.ud grow for twr) duys. They 
ere no\· lr.r&or rnd clcn r e r, end usually so oriontod thr t the observer looks directly 
dovrn into the <·.tric..l Lnd or a l sinhons. The l1.rge ph~ rynx is in the shr.po of 1'. 

truncoted cone ( nd bc:. rs un the three rows of sticnt tr. (visccrul clofts) v:l ich lPt 
ViD.te::r pc,ss out int .) the (, tric l cuvi ties of th o h 'C' sides . Tho cndustyle lies on the 
under sido .1f the nhO. IJ'nx ·md thus :::.ryp~c. rs c s l~ r od und"' r the nouth. 

The stoncch orginnrily t ; ~pet. rs r.s n yellow boJy und or the r tril, l opening. Tho intestine 
r.ftcr turr.ing to one side fron the stoT.lc ch, r oturns t u el"'.pty nenr tho t.triun . The 
nulsC'Itine; he~ rt c.nd its vessels l re of 1H rticulnr -inte r es t , especiully the fl ow of 
bloc.-ft urounl tho nouth end phr.rynx. 

;-.. new bu-1 ( First blcstozooid) nnpeors from tho scxur.lly clevclo;1ed r,nimnl (th . oor:oid) 
us nn ovaginr.tion of the ctrium o.t onB side . It is furnishc cl '::ith c.. blood supply, 
nnd presently the differcnticti~ perts cr.n be distinguished. CominG fNm the ctril..lr.l., 
the whole but~ , f•nd f• ll nc rts )f the nev,r in•.!i viduul, ere .!erivcd fron ectoc~o rr.1. This 
is the ntrbl type of btK~ding (Berx·ill, 1941). Sketch 1m oo zooid showing butls . 

Co Week- old form. 
In these aninr.ls , genc r nl siructure nlror·dy studied l:lD.y be eosily soon unde r lo'' power . 
The nhPrynx of the oozocHd hc.s develo"1ed 4 r ows of stigK,tc, ond the first blc.stezooid 
mn:-/ r.1lsv hr' ve three r)r f our r ov:s . Blestozooid buCs of thn sec ond t.nJ thlrd orde r nuy 
be present. 

The first blc. stozoo iJ bur' ir Botryllus is single, r 11 th8 lt~tcr onUl f,r in 
symmetrio(ll pf\irs. The SClr.1C orgE.n structures m:.,y be seeR in t .. ll the inc\ividuc.ls, 
not\'Tithstundinr; their diverse er.1bryology, with the nd.nor exccnti on thot tho ooz0oir1 

does not rievel0p gunnels . Through reerrnnr;cmcnt .:Jf tho incl ividunls, tht. completed 
colony shows c. conmon r...trir.l pit in th e center, with separate nhc ryngcnl oneningr. 
at tho noriphery (sec wt ll churt) . 
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;cc!1 b<.~d consi~ts at i'irst of n isc, ther: c S"1h r\.:. 'Hw S"'herc oxt.::-ud ··ox ells 
t one or toth sides l'n · Leco~.os ")f'rti tio .. cd into "-.}, reo ·es.:.. lc~, thl l1 h ;·~l ones 

:'Jrnir:; at::-it.l c:-.r:..'lbers , the r. it~dlc one the phnry:u . (Lr, t~"r stf';es show .i.ffer ntic ~ 
-:.o:1 of the r est of th<.. o:-G!.ns :'ro~ the Pho.rvn."<- vcsidc \ B.:-rri ll, 1941). 

3. !):_·'')?·: .-..'. : S~: \L 3\.:DDL:G 
-:-r. ,. st:-:t0l;cs €,. · Berr ill , 19::':5) 

:•o::-,' ho:-::. js r lit-'-lc- ;rccn- colorcd r>scidit,n , ·;hi l. by 1C-., S 0' stolons forllS ]C• •. 

fl .:...~so:-~ v·! .r.r:' r.ili41£.S, e-:;c . Piccns of the colony ;:1. be''"':: ly th.J· t ""~ · n 
-;~r, .s '."it!, ·,:-c.s~li.r:c, .nd stored :.n run:1in; sor. v•t.t" r. Af dr." or ·o, s ·loll 

, s;:n vut ov0r 'Ch" :;qrfo.ce of tho f~lt ss · nd n~r blr,s ··ill be for:1 
~"t: :n-c'n-.ls . Ex~· : i:-.r~ t,.~,.; •:.~.tc'1 -glrss cult re of 0 c. rophoro. hich }• s bot.n )ro i' 
:'or t':. o ;· c.;::s. 

,,otico the br·.nc~1in;; nrtt,....rn of tlr s ol:x.s . T .. o ti·)· r..~m·· CX?)or,tory t end• n i~s 

lik'e s: .. 11 ns, udopoL.in . 'l'he outgo::.nc r.nd in oGin~ llooj s r c: r.1s in th , ~tolon::-

snp' rr.tcd by c~ LOSO!!chyr.·c sc;)tur,l. All stnr;<. ~ ir. th,· •'o.1•11 tion of nuw in<:ivid u.ls 
·"i! ~- b.J f0und , ['. rr"nr ·')d like pwn ..... ki!'s on :- vi!1t.:, , -i :-t the youn;;ost P•"· r ·.st th ~ t · ps • 
. :!:, • )unGo~t buds cor:.sist uf e out~ r ·:csicl<.. de r i· ed froM tho · itlc:·1.1 of U color.y 
'.:';:; r n in, r.r '.'CS.; clc> f''1l'.:!Cd 1Jy the snlittin,:; of· t 1h. '!QSP! e\,"n~ . tOU"' stolon S ntUT' • 

L'·<·· .or;cncsis +.~i .. cs plrce in the inner vcsiGlc , > .uc;l is (:criv d fl'O!:l .. crwnchyr.o 
(Lv· ·il , 1935) . This :1ct'rtod of bu.Jdin:; is distht;;'lished ns t!1c s':)to.l t~·pc . 
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· brnl vesiclP = e7 . 13, a7.9, n? . lO 

:~todorrn- nt}ar a 
oll b 

1·~'}.3ClC = d7 . 4 , 37 . 8 

!'e30r..~!::._,'!:l.O : L7 . 6 , b7 . S, B7 . 7 , :37.3 , A7 . 6 

~eure l Plate = ~7 . 4 , J7 . B 

Ct1rda = b7 . 3, A7 . 7 

':!u:·Jderrn. = B7.l , B7 .2, i\7 . 1, i\7 . 2 , "'';' , 5 

.~~.r:t~"ri r) r eel.!." :.r•') j, 1r u . 
~0v 1- ,,;·i·~·r cc lls ·. rc B .> r u, 

.. nirnnl hcr:tis:Jhcrr; cells r re f< -:> r b ) 
V< .::;.:..t!\1 helilis-rhcrc eclls r rc A o r B ) 

nt 8-coll str.['_,e 
o.nd llcy 'rd 

veg = do sul 

G4: 

:.eft 1. n ,; Ri,:;ht cc,rrc..S'!JD 'inc blr.stvmcres b·~:. r s[lm~... :-k si,;n~· ti 0n '-'xccnt rie;ht :)nos 
nrc Lm·:c r scoru-.:! 

h e first nw.tber [;i vcs the t.;cnorr~-ti m Jf ccJl, o~u!lt~r'c Ul•- cgt~ ·ts firrt E .1wrtd .. ion . 



/ 
I 

. ' 

----~--·----- -
,r-,. . ·- . - - -- .. -: - ' . 

·\ 
\ . . 

7·>· .. ' 

" 

···/." 

. ..... 
' · ... 

.,: 

' ' ·' 

-\ 
\ \ .. 

:. 

- ~.-. : ' \ / ' I··; .. ,, . : 
· - ~\~' ... ' ' .. :·;j· ' ·_. 
\- < I . 

\. ~ . 
' . 

\ . ' 





-1' ·- ·-·--- - --- --- ----- - ---------4 
Unshe.ded: ce~.l.; I Based o"l dt!ta in -\- . Uoi <;t::h , 1 939 I 

develop ing r------------- ' 
t-· CrLLS EXTIRP!.'IED --f 

. ·2-·~:7-:3 12 B6.2 I 2 A7 . 8 I 2 A6.1 I 'I 
2 A7.7 I 2 B6.3 2 A7.4 2 A6 . 3 8 an 

I 2 B6.4 2 a 6 .5 2 B6.1 16 
- • 2 a6o7 I 

~-----4------4-------+------~-------1 

,_ 

1----....-~ I ( --;\I ~ / --:-. ~'-, I 

',, _/ I -, I 1---+- I I 

I p I F i p I F~-_j~ p i F I p I F 

ectoderm t t 
~-

cerebral ves. I I - -

I I I I I I - I - II ~ 

- _,_.·_- I! 
I 

- I - 11 
~ I 

I 
" 

~(~ 
I 

1 I (lji. 

. " - 1-1 - 1~ 
1- I I I 1 I 1 

~ I t- t I ~--- --~ __ 1._ ' -!---~-----+---+~ 
otolith f f f 1 .:. ' 

1 1 1 
' 

1 

~ _,__ 

nerve tube -f-i I /_+ /j' -t-~ 1 

'

1 ·~ '

1 I I · 1 1 

~otoohord _ _L_ -~~-+_uj _L J___f I I . -+--"-

muscle 
1.---------~ I t - -,1 I I I I I I I I I (I) 

mesenchyme -~--~-- ----- -

L-mtodenn +--'-+ _I_ --l.-

I I (/) 
=-=--+--''' I l--. 

------ 1\ 
I I I I f L . ..l --- -- ·····:.: 

/ I , / , ~ I i /, papillae 1 
-- - -- - - -·-

I 

'T·· - t "s U':cr,ti ve 
• - L " t ' 

F- !.'.:n· •, , ; ~ - t ~s s ue not orge.n dif.fero..n·· t1 
__ ·-· _ _ _ __ _ _ __ _ _ j_ ____ ~ia~~~l_Ji 



---·------- -- .. ----- - ---- -.- ---·-----------------------------, 
I 
I 

1-- -· ·------· .. .. ·~&~~;c. on -~c~~~ :i.a ~- ,.;;E, n:; I 
Cell, isolated I ---~TI~C-e~il_s_i_n_T-ra-ns~la-nt-a-ti-on~Co-~-i-na-tl-.o-ns~~~~~~. I 

I · all less I 
f:- 2 A3 2 B3 

2 b'.t.2 l 2 B'r.l 2 b4 .2 2 A5.1 ! l A5.2 2 A6.4 2 B4.1 
· ~z. a4.2 I 2 J-.4.1 2 t 4.l I 2 a4.2 j 2 a4.2 2 A6.2 2 a•i.2 ·~, 

i d c~ rc;, I /;~ I c~ I m~\ 1,' pff;-\ I //~ I t.Jt~ ! ~- . . ::. I l-::. "::.:::1:~· I [~~ .:::.:::·: rfli, ! :::::::.:·::j;f;c-1 r;,;:::.:::};./ ...... ,;:J \ z;z I r~_ i,:,:;-::;! I 
~ ~ 

1 I i! ! i~ 

!-t-~-1 
I I I 

~+-- -. I JL; .Jl - I ±' -11['1.]~ I J)";~l 4d4-t I ~~~- i~l 
r~~ -~ _I J."~:.EL~- --• Ctfl ti-~!~:if-1 r .·_ I I· I I I e~_.:· _ 

I · - ~ 1 1 J'·"'--·;-7 ...... --:.j .. ~ }; , .. ;-;-,;;:··:r--~1 ~ -- ·1·.- ····j ~~v--·--·· · ··-"J 1 -····-···· 

_r -+------+ + 1\i,,:,.Jj ~+--_1 __ - );·~.,~,,~,) _r_J,.~.Ji [;'_.,,,", ~ .. !Jt 1- )L:.J 
I (/} - - _I ::_.,:._! I i i I I - I ' w 
I I - --1- +-=-lW-~ I I I I _j I I i - I I - ·-i--1 ----i 

-1-------4--!_ (/) .:: .. J - I I I - I - I - I i I I I I 
I ? I I ? I - ! - I ~ I I I I - i I I I I I I. I f 

. I 1 -f c/)~- . - I ~~-- -! I 1--r-t I I t I . I·· 
t- - ~---~ -- ! I .--i·--+---j--·-+----1--t- I I I ~ 
I 1 j I I. . ' Poor ! I I I I ! I 
1 1 , I r ""<' 1 o I : 1 1 1 : 1 I 

-----.-. .... - ------ - -· - - - --- ·---·- --- - _.. · ~ -- ·r· - ·-·--· -··- --------·- ·--- ---



BIBLIOGR..'J>h'Y 

GENERAL ·oRKS AND C~TIVE EJLBRYOLOGY OF })ROTOCHOr..DA TES 

Berrill, N. J. 

D'llcq, b.. 

Do:"'Ydoff, C. 

P.:-3: d.man, E. C. 

;:"' .... dman, w. A. 

r ..-.·s chel t_, E. 

8ec.l iger, 0. 

Willey, .~. 

Castle , 'ii . E. 

Cohen, A. and 
Berrill, N. J. 

Conklin, E. G. 

· Dalcq, A. and 

1936 

1932 

Studies in Tunicate Development, v. The Evolution 
and Classification of Ascidians. -Phil. Trans . Roy. Soc. 
London B. 226:43-70. 

The embryology of Am, hioxus. Jour. Mor h. • 54; 69 -14°. 

1933 Development of isolated nnd partially seoarnted 
blastomeres of Amphioxus. Jour. Exp. Zool . 64 : 303- 7~u 

1935 L' Orgar.ization de l'Oeuf chez les Chordis. Pnris. 

1938 Form and Causality in Early Develo ment. Cambridco . 

1928 Trait6 d 1 Embryologie compare'e des Invertobr /s . Pnris. 

l 524 Botryllus. Live rpool 11arine Biolobical Committee 
Hemoirs, XXVIt 

1899 Ascidiu. Liverpool Marine Bioloc;ioal Committee Memoh , I : 

1936 Vergleiohende Entwicklungsgesohichte der Tiero. Jenu. 

1893-1907 T~~ictlten. Bronn's Clussen u. Ordrungon des 
Tierreichs, IIIt Suppl. 

1893 

1929 

Studies on the protoohordato.. Quart. Jour. 11icr. Sci., 
34:295-324. 

TUNICATE .EHBRYOIDGY 

Studies in Tunicato Development. l. Genero.l Physiology 
of Development of Simple Ascidians. Phil. Tr. Roy. Soc. 
London, ~ (B) :37-78. 

1931 II. Abbreviation of Development in tho Holgulidae. 
Ibid.,~ (B):28l-346. 

1935 III. Differential R.etnrdntion and ;,coeleration. Ibid., 
225 (B):255-326. 

1896 

1936 

1905 

193'1' 

The early embr-Jology of Ciona. intestine.li s Flemming (L.). 
Bull. !Ius. Comp. Zool. E:203. 

The early development of ascidian eggs . Biol. Bull.70;78 

Organization fnd cell-lineage of the Ascidi nn op;g . Jour. 
ilcud . Nat. Sci. (Phila delphia), 13 (2nd series)al-121. 

,.. . ' 



.:-lwyn, A. 

:Iarvey 1 L. 

Kinc,slcy , J . s. 

Scott , F . E . 

8p"3nce , J , and 
R1chu rds, 0 . ·,: . 

Tuc~~er, G. H. 

1937 

1927 

1883 

1871 

19~5 

1940 

19~2 

·- . 
Some stages in the develo me t of the neural ompl x in 
Ecteinascidia turbinate. . Bull . re ro1 Inst. N v York. 
6 ; 163-177 . 

The history of the ytopla"mi inc1u ion 
Cione intestina1is (L. ) during o~~ bne i 
~ion . Pro • Roy . Soc. London. E. 101: 

f th egg of 
tnd fertili"t -

So.ne points in tl1e dev 1opment of .. :o1gu1n . Proc. B f" c)" 

Soc . tt:.t . Hist ., ~:441-450. 

· eite re Studien u er die Entwickluflb der Pinf' h n 
Ascidian . Arch . !~ikr . Anat . 1 ! : 101-130 . 

7he devv1opmente1 histor y of Amoroeci corstcll~t\ .• , 
Early eJ,:bryo ic ei. 1oC>:ncnt . Biol . Bull. 88 : 120-138. 

~~ative Cd1u1ose in the scidinn Phullusir, nig:rn . 
Carnegie Instit . Papers Tortugss Lnb . ~2Jl63-167 . 

The histology of the gonads. L nd dove1o. ment of tho ( ·:c 
envelopes of un uscidian (Styclu licrtu Lesu ur) . 
Jour. Horph . 70 : 81 - 108 . 

Vf.'"l Benc::,Hn, E. and 1887 
J•4J. in, C _ 

::'cche rches sur 1a morpho1ogio de ·· tunici ,rs (the 
deve1onment of Clavolline ). Arch . de Bio1 . 6:237 -476 . 

Vo.n·~..;rb rook , G. 

von Ubisoh , L. 

Berrill , N. J. 

Chabry 1 L. 

Cohen, A. ond 
Berrill, N. J. 

Conklin, E. G. 

1937 

1938 

Les mouvements pro top1csmique au oours do lo focon Gtio~ 
de l'ocuf d' Hs cidio. Ar ch . exp . Zell forsch. 19: 411 -420. 

Eine ve rg1 eichende Studie ub cr die Orgunizotion dos 
~clues von Seeigehn , Amphibiun und J·lszidien . Bio1 . 
Zentr alb . 58 :370-385 . 

EXPERIMENTilL llN..;.LYSIS OF DEVELOP! 1ENT 

193 2 11os uic Devel opment of Asoidian Eggs. Biol . Bull . 63:381-
386. 

1887 Contribution a 1 1 embryologie nor.male et tbr utologique 
des As cidies simples. Jour. Anat. et Physio1., ~:167-319. 

1936 The development of isolated blo.stomeres of the o.scidian 
egg . Jour. Exp. Zool. .zi:91 -ll8 . 

l905o. Mosaic development in a3cidi n eggs . Jour. Exp. Zool., 
2: 146-223. 

1905b Organ-f0rming substance s in the eggs of Ascidians . 
Biol . Bull., 8:205-230. 

1906 Docs half of an nccidiu~ egr giv0 rise to a whol o 1nrvu? 
Arch , Entw. HGch. 21:727. 

Mll Tho orgt~nizc. tion of tho egr, o.nd the dovelopment of 
singl e blostomor es of ?hall usia 11lLVTllllillc..tu. J. Exp . Zoo) • 
10:393 - 407 . 



C::::11-lin, E. G. 

Cram ton, H.. E. 

Driosch, :1. 

}' orgo.n, T. H. 

Reverberi, G. 

Ries, E, 

Ro se , S. H. 

Schmidt, C. L .• 

1931 

1897 

1932 

,, . 
The development of centrifUged egg of Asoidiuns . Ibid., 
60:1-120 . 

The uscidinn hnlf embryo. Ann. r. Y. j,cnd. S i. 10: 0- . 

Etude des local5so.tion~ germin les dans l'oeuf vcrg 
d1 . scidie par de~ e :>.'Porionco de m ro onie •• rch. d 1.\ no. . 
rnicr. 28:224. 

1938 Form and ccusdity in enrly devclo r .. cnt. Cc.m r i dg U l~'- . '!' • 

sity Press . 

1938 Etude microgrt..phiquc et qunntitntive de l t. merogonit. 
double ch~z As idicll ~ scnbrn . ) rch . do Eiol. 49: 391. 

1895 Von dcr Entwicklung c inz c1ner As cidienb1nstom r on. 
Arch . Entw • . och . 1 : 398-. 

1903 Uber ":..nderung der Rcgulnt1.onsfuhig ·:c i t en im V l"lnuf 
der Ent\,· icklung boi ,:..scidien . Arch . Ent.v. l.lu oh . 17~ 

1938 The genetic nnd physiologica l r obloms of s o lf- ~ to 1 i·~t r 

in Ciono. . Jour. Exp . Zool ., ~:271-334. 

1942 Cross- c.nd s elf-fertilization iu the C\ scidj nn Styl. ln. 
Biol . Bull ., 82 :161-171 . 

1945 Normal nd abnormal development of the eggs of Ciono. 
Jour. Exp. Zool.,l00:407-4l6. 

1945 The conditions that lead to normal or abnormal develop
ment of Ciona. Biol . Bull. , 83:50-62. 

193 1 Studi sperimentD.1i sull ' uovo di J·.scidie . Publ. Staz. 
Zool. Napoli, ll:l68. 

1933 Lu segmentuzione dei blostome ri isolati dell 'uovo di 
Cione e di Pha -llusiu . Pub. Stnz . Zool. Nuplh1i ,li: 38G . 

1937 Richerche sperimenta1i sullo. strutturn de11 1 uovo 
fecondute delle usoidie . Commentotiones Pont if . ~'. cud. 

Scient ., 2:_:135. 

1939 

1939 

1931 

Versuche uber die Bedentuns des Substanzmosniks fur die 
embrynale Gewebedifferenzierung bei Aszidien . Lroh. exp . 
Zellforsch.,~:95-l2l. 

Embryonic Induction in the Ascidia . Biol . Bull'., 77l2l 6-
232. 

Die Entwiok1ung der Pulpen bei Ascidieu-halboilarven. 
.-rch. Zool. Ito.l. (Torino) 1 ~:490-. 



Tung, Ti .. ;how 

Tung, T. Ku , S. 
· !1d ung, Y. 

von Ubisch, L. 

Bra dwny, V'! . 

Grnve, C. 

Gra.ve, C. a.l'td 
Nicoll, P. A. 

Gra.ve C. t.nd 
Ril ey G. 

Gra.ve, C. and 
Woodbridge , H. 

1932 Experiences de colore~ ion vi tale sur 1 1 ocuf 
d' .:.scidiellr. cspersn. Arch. de Biol., ~1451...;69. 

193~ Recherches sur les potenti~ lites aes bl stom res 
chez Ascidiella scnbrn. Bxp rience d trtns
loc t.. tion, de combino. ison c:>t d' isolem :1t d e blnsto
mere s • .'.rch. d'.:\nat. micro., 30: 81-410. 

19~1 

1938 

Tho d e velopment of tho .• soidi t n egg c ntriru d 
befo re fartiliz oti on. Biol. Bull . 80:lb3-lG8. 

Uber Keimve!'sohmelzung r.n .. s idicllu o.s. o r · • 
Arcl. Entw. tech., ~.18-36. 

1939 Ubvr di e ::sTit\·:icklung von i scidicn1crv n noah 

'. 

fruhz e i tige r Entfernung der inzelnen orgnnbil dt 'lt:.\.11 

Kein bczirke . Arch. Ex:.tw. T.kch. 139: 1"8-4 92. 

TU!':rc..TE TJ.DPOLES A ;n THEIR UET \J.JURPHOSIS 

1936 

1920 

The experimont l a lterat ion of th t> r ... to of mvt -· 
morphosis in tho tunic r te, Clnvelinn huntsm: ~ 

(Vc..n Nr.mL; ). J . Exn. Zool.,72t213-. . -
dnr. roecium cons-cello.tl.lr.l. I. The t ctiviti e s nnd 
r e:. ctions of tho t t.dpole l n rvo e . Jour. Exp. Zoo1 ., 
30:239-258. 

1921 ll. The structure t~nd orgr.nizn tion of th t ~tdpol o 

lnrva. Jour. 1lorph., 36 : 71-101. 

1926 Molgulc. citrinu.. :Lctivitics c.nd structure of tho 
free-swimming lurvc . • Jour. Horoh . £~ nd Physiol. 
42 : 453 -471. 

1935 l :etamorphos is of J,soidian Larvae. Pnpers from tho 
Tortugu s Lr. boratory , ~:209-292. 

1940 Studies of lcrval lifo and metamorphosis in Ascidia 
nigrn nnd species of Polyandrocurpa. Co.rnogie 
Inst. Pnpers, Tortugns Lab . 32:1-46. 

1941 J. Tho 11 eye-spot11 e. nd light r e sponses of tho lnrvu of 
Cynthia pnrtitn. Biol. Bull. ~:287-. 

1944 The lorvG of Stycln (Cynthia ) partitn. Structure, 
Lctivities and ~urntion of Life. Jour. Morph ., 
75tl73-19l. 

1939 

1935 

1924 

Studies of larval life and metamorphosis in Ascidia 
nigra and Gpecio £ of Polyandrocurpu. ~apors from th 
Tortugas Lc:boratory, ~:l-46. 

Development of the Genso organs of the larva of 
Botryllus schlosseri . Jour. Pornh. 57:185-211. 

Botryllus schlosseri; the behavior a.nd morpholors of 
the free-swimming larva . Jour. Morph, and p.!zy t;; i.ol .. 
39:207-247. 



: c:.mgren, E. 1933 

Kovralevsky, A. 1892 

:~ .o.st, S. 0 . 1921 

Ein Jai 't e 0 zum oxpcrio .nt 11 n Studien dar Cla,relina 
metamorphose. Arch. Enu:.•. ~ ech. 129,199-205. 

Beitrc.go zur Bildung des .~o.nt.Jl d r Asci ian. ' 1 m. 
Aced . St. Petersburg., 38t 

Reac"tions to light in th 1~rvae of the oscidinna 
Amcroucium constel1o.t~ o.nd l~rou ium polli id~ vith 
referenco to photic rientotion. Journ. E>.'T'. lool., 3<;, 1 

149-188. 

r r. Bened;..n , E. end 1884 Recherches sur l o devolopm nt postern ryonnnirc d'unc 
~T ·..2lin, c. I hcllusie, ....,h~llusia sco.broidos . i,rch. de Biol . 5:6ll-r. .::s 

3errill, J . J . 

Brien, P . 

Caullery, t:. 

Deviney , E. 1 ~ . 

Kov:ulevsky, A. 

Pizon, A. 

1935 

TUNICA?E .<\SEXUAL REPRODUCTI N 

Studies in Tunicate Dcvelooment. IV. 1 soxuo.l Ret rod ct~on . 

~"'hil. Tro.nl! . Roy . Soc., London,!25 (B) ' ,)27 -379 ~ 

1935 Cell division r.nd differentiation in n5exunl l'nd o.~ li 
development. J •..• orph? 57 : 353-427 . 

1940 The devclo!iment of the colonial orgnnism S:mple nin 
vividc . Ibid.,79:272-281. 

l94ln The devehument of the bud in Botryllus. Biol. Bull., 
80:169-184 . 

194lb Size o.nd mor phogenesis in the bud of Botryllur . Ibid ., 
so~ 185-193. 

1941 Spr..tiul o.nd temporal growth po.ttorns in colonial orgnnisms 
Growth, Third Growth Symposium, 89-l ll . 

1947 The devel opmental cyclo of Botrylloides . Q.J . Hil'ros. 
Sci., 88:393-407. 

1927 ~lostog€lnesc des Tuniciers . Arch . de Biol., 37: l-4.6. 

1930 Contribution Q l'etude · de lc Regonerntion noturelle et 
experimentelle chez les Clo.velinidae. An . Soc. Roy. Zool. 
Belg . ,.§2:_zl9-ll2. 

1909 Contributions o. l';~ude des Ascidies · ~omposees . 
Bull. Sci. Fr. Belg.,27:l-l58. 

1934 The beho.vior of isolnted pieces of asoidinn (Perophora 
vividis) stolon o.s compered with ordinnry budding. 
J. Elishr. Hitchell Sci. Soc., 49 : 

1874 Uber der Knos!Jung der J.scidion. (Didomnium & !.mnrouoium) . 

1905 

Arch. r~ikr • .'_nHt . J 10:411 - 470 . 

L'evolution des Diplosomes (Asciriies composocs). Arch . 
de Zool. Exp. ot Gen., IV:l-68 . 



:-i-.:;"ter , W. E. 1897 

de Selys -Longchamp~1917 

'.utters on, Ruy L. 19~5 

lorri1l, N. J. 1936 
and Cohen, A. 

BirminGham, L. 1941 

Brion, p , 1933 

Drio·ch, H. 1902 

Hu~loy , J. s. 1921 

Budding in conpound nscidic s, bused on studi s 01 

Goodsirir t.nd P rcphor • Jour. orph.,g: 149- 238 . 

/. 
Sur 1e bouq;eonne .. ent des Polystyell.l cs . Bull. Biol.-s i. 
Fr. Be1g., 50:170- 276 . 

ber die r:intcrknospcnentwick1ung, hogonerution und 
Rcduktion bei Clavollina 1epadiformis, m dio BL.d~.: 1b~: , 
bosonderer 11 omnipoto tcr11 Zellolenot tc fur diose Vuq:;t\:., ·c 

Roux. Archiv . 111:119- 172 . 

nsexual reproduction in tho co1onicl tunicnto Botxyl1us 
schlosscri (Pallas) Snvigny , with spocinl r f 'r .. ~l c" t0 

the do•clopr:'l.cntul history of i1torsiphonal b nds of 
pigment cells . Biol. Bull .,~: 71- 103. 

Regenerntio.n in Clcv'()linu le;rudiformis . Jour. F.p. l3 · ~1 , 
13:352-362. 

Regener ation in the ot.rly zooid of Amuroucium oonc·toll "'v\nn . 

Biol . Bull. , 8lt287- 2BG . 

RegE;norntion thornciquo chot J .. rchinscidio . Bull. BioL 
Fr . Belg.,~:l00-124 . 

Die Hestitutioncn dor Clnvcl lint. lopndiformis . ~rch . 
Entwicklungsmccha.nik, 14:247-2 87 . 

Studios in dedifferentiation II. Dcdiffcrontiction und 
r esorption in Pcrophoru. Qunrt . Journal Uicr . Sci., 
65 ~ 643-697 . 

1926 VI o Reduction phonomonu in Cluvellinu lopc.uiformis . 

Rios , E. 1937 

Publ. Stnz, Zool. Nupoli , z:l-35. 

II. Dus vorhulton diffor enzior t r und undiffor nziortor 
;.ellen boi dcr Regener ation, Roduktion und Knosponguon 
Clnvolinn l cpcdiformis . Arch. Entw. Loch., l37 r327- 362 , 



Alnagia, Fiorenza 19~ 

Bartholf, Lloyd I.:. 1945 

Brien, P. 19~6 

C:Jf' , \ 'esley R. 

Goldin, Abrc.hnm 1948 

Le suiluppo dei frflrJ!len i centrifut;a i doll'uo o 
vergine di Asci ie. 20 : 179 - 197 . Pub. uel . Staz. 
Zool. _ &ool i. 
Acceleratint; metamorphosis in the tuni te, Sty ln 
partit . • Biol. Bull . 89 2) : lb4-l 5 

La branchia es T niciers . Ann . S c. Hoy. Zool . B l • 
76 : 6~ - 72. 

utrition and sexuality in protnndric gastropods of th 
genus Crepiduln . Biol . Bull. 9~:156-lGO. 

Regenc ro tion in Pero horo viridis . Biol. Bull. 9·1: l::l4-
l93 . 

Reverberi , G. and 19~6 Le noter.zcdei qunrtotti eniMo.lc e v-r;otutiv isolPti di 
tscidiolln esnersn. Pub. dol St z . Zool . N~poli. 

20:135-151. 
Mingnnti, A . 

R0verberi, G. end 1947 La distribuzionc delle potenzcnel ge rme di ,\scidic nlJe 
stodic di otto blustomeri enalizzntn mcctinnto le 
combinozionie i trn icnti di blustomcri. Pub. del Stcz . 
Zool . Fnnoli . 21 : 1- 35 . 

Mingnnti 1 Antonio 

Reve""oeri 1 G. t nd 19,;,6 fenomonydi evocnzione ~llo svimuppo doll ' uovo di 
ts c i d ie. Pub. del Stnz . Zool. Nnpol i. 20: 199-252 . 1'i!'tt;onti 1 A. 

Rcverberi , G. 

U'h isch, L. V~m 

v .v\'ecl , von P.B . 

1939-40 to sviluppo de i frrmcnti dcll'uovo ccntrifugrto dollo 
!.scidio . Pub . del Stcz . Zool. liapoli ~: 129-139. 

1938 Eine verglcichende Studie ube r di e orgnnizfltion des 
Keimes von Sccigcln , 1unphibien, unc.l Aszidien. Biol. 
Zentr nlb . ~~ 7/8 ): 370 -385 . 

1939-L .. O Dei t r ace zur Er nnhrun;sbiologie de r Ascidion . Pub . ctcl 
Stnz. Zool. Nnnoli. 18 : 50-7 9. 



I~; :.s often 'les ir2 .le to v'..ll 1.re sin·-1 srnll . u:~-
t c rs of t .. er.: l::1 < s:·:s._l -~olu:~E' of ::u''iu .. c-o "'ch-:J· th ·;; e r nc :' / 
~~.:J8r\·eJ. frv _ 'cir..e t.:) ti:::t::l an·• so t ..., ..... their S\ti':;·n: •'T ac'Li\·it:..• · d 
.,...~:_.t r.r!·:e see.r~Linc, ·~cr t· e .. ·uc ti:.,e cc::sw~L ~· For ..... l ·s f.'rpose 
t:-e~l ; r-.·· ue ::ept i'.1 r, s:·w.~l ro i-:. a c;.c.:;.._ r f r:·ed bY a lh c r'"' 1 
c-~ ·srsli.t-' sealed i.:oue·:~hor ':•it:: va. elir:e . It is ?ls oft~.;;n ir"·. 
t S',:ture lar:e ~··-:1 ers of e':"::lr:us in ::.~ather once1 trnted 
'Ihe 1.:se of ~e~~ o}.-'rlnae tubi. [ :lblps over Go•~e t!w ifficu17y .> · -
i::lg to trnnsfer lar __ c mJJ'.lJers o:' s .. :i:.1ning or~or:1us to fre~h sen \ .. ~,tor 
and l;Orrr.i ts so. t isfactor~r do"elo},;> ·e 1 t of rather ·~once trn ted su" .t- n-
s io:13. 

~ip:·ent: Vc>.seline (fr~irly p1:ru petrolc .r:), sliL1Nl, ovorsl.is, 
ord ;_nary dr o ppers , f 5.ne -t i~ .t-ed 9-rop u s, cull :)ho"le tub "lf" (V~ v· nr
c:t:,~J.ulose sausage casin~s ca. 1'1 diar.1 . ), fun•1el (S''), Syra'US' dls'1.us , 
finr;er bm·1~s, anc. s c.:ss ors. 

Solutic"ls: Filtorud soa water , Dintm culttre . 

Vas cline - Slide r·ct.hod: Warm a. small a .. un t of vascltno in a buc'.J·er 
to just abnve the n11..:lting 1->cint r\no v:iti1 a "nr111 dropper mako n hull. w 
square of vaselin'· on a clean, clry slide . A b":nt metal rod cnn l'lso 
be used for this purpose in place of tho dropp~;r . 'l.'he outs ic'le dimen
sions of t'1o square of vaselinu should be rou:~hly tho sam<:J as that 
of the co•.rc:rslip tha.t /is to be used ctnd V1c., hei::ht should be nb(.,ut 
1 mm . P lace a c.ml?.l l drop c o'l t<. iLinc the u r,gs or e!·,1bryos v:i thin tho 
square 0::.1 thu ~'lido . T!lis dr op should be of such sizo that ·when 
tho coverslip is udde~, completely scaled to th slirte and c ontact 
nadc \·:i th the dr op, the (1 iamoter .;f t.1e orop wil1 l)o about 2 to 3 m:n . 
The coverslip shoul d bu pressed down sufficiently so that a conpletoly 
scaled chamber is forncd, with ilU air chan :10 ls runnint~ t. rour;h the 
vasolinc. Avoid ha'Jh:.g t,lC d::.• op com..., :l.n contact with tho ,,nsoL.nc . 
The slide shoul.d. he kGpt in a cool place .'lnC'. the em:)ryos transfurro(l 
to a fresh prcpnre.tion at invorvels of ono to four dnys dupcnd:tnc 
upon the amount of 1 i ving rna tor:i.al pr ·sent. 

Cellophane Tubin_c; ~~1ethod: T;_1G s oamluss ctjlloplwno tubing is usually 
suppl iod in i'la t rolls of a b out 100 feo t. Cu ;, off ?. pic c6 about 
one foot in l cn:-;th and ti e :=- knot in one onci. o f it . Soal~ 'Ll"'o piece 
in sen wa t0r for p, fcv; minutes , thtu open the other en<1 b~r r 1 irHng 
tho tv1o Gidos of the flatte od tub u ac;ainst on8 8notl1or . Introduce 
n fu'1ncl into th~..; open end of thu tuhv n.nd pour in a1Jout 100 cc. of 
tho snspens ion of oggs or c·P11. ryus. 'l'io off the tub'.J in such a ·1o.y 
tha -.:1 nn c.ir pocke t of about onG -fifth of the voh::.Je of fluid is lof:t. 
':!'hen pln eo the tube in n 0 ish or aqtwr ium of runninG son wn tlir in 
~uc:: t:' wo.y t::.o.t tl:..; V1hter tcmds to flow }!art it . ···i.l;h snu•ll oml1ryos 
c-f anna lies , mollusks , or (•chiYlo.:1orms, s ovu rr..l thous0nd ortbryos pur 
100 r: c. c£1.n be b .. pt ali V8 :"Ln th) co r.1a'1ncr prov id, ·c1 thuy Dr~.. chr, J11'ud 

tc frush tu>:.) s ur:.cc or t ': ir- l; .~ ,,,ucl<:. To o1Jtnln later dovolopn ,ntr.l 
st.J.p:os and grov1th f'.) ' >o. PJatcri :ls rr~ust b•J <'-cldod . F'cr this purpoDo 
a sn£>.11 ,r.;.0unt ')f r. d•Jnso snsprJmJi:m of diatoms (Nitschio.) gh;)ulrl bo 
addotl at ur. ch trans for . 



':''-:.·:... fo::. .. o\·:i:--.r.; is c bJ:•ie.f E~.ccJ.J ~~ t L)::.' a rnpid li c-. .1aki. ,; -ch. t 
1.[' l~h~.:. -~:: :~2!' su.cl pu!' ... os v s o.s :-.. -<l:L1~~ hronh•sor.c co Lts, doi..C'l'tlin:!.llg 

• ~ ; · [ . J .. ~ ~::: Js::.s , f(·rtilizati0n, ~:.:t.:- . , on dcvclo1.: 1fT "'[!.',[.:" "r. ·Jt'"'.. i) l' 
,_. . . ·.-. _. ::- l = '· -~ '"\' ol·re ~ +'lat t"''"' ·! !1 ~ th · €l rr ..,., c•r ' ·1 r\' >S [10 t,··o "' t ' ' 

.... - l - ·--- - • v - 4o '" "' .:J ~ \,.· ,. J.-- (. ') 4 ...._ \...· \,., ""' .. ... " ~ " ., • - .. .,. 

~.r. ;:·-:· :il~r t:i:f> lf1 1 thur 0f'Jl't' , m:suitc.hlc fo!: 8-n·· •·orlr in !l )_...,h it ) 
d c si:.-·d tc. r~.·t~.~- :1 t>c n rr~~l shr.pc 0.1.· th. ct..lls. 

G S :·:· c.-~ use C.!_::;· , ..:.. ,,r mc:'t' rlu·.:~ 0. __ C•)Vt . r.:-li~'s, 
st::.~::·:-"!1.[ C.i:.:~t~~ 1 CO\.iC·I'Ctli -siz ~) 1 l i'"t;'('~jt-'S , 1 (i~!lUC t i~1[1: 

, .:~ .... Ct•] .. \'..'1 
}. ~~ . C). i'1 

Ir:)c(cn.~.~~<.,:- '.::'!.c ... ,,;·>:.rli..:d c:unf]ist.s ::;:L ,l~'Jy :1.~\ ~0i ' t~--0 .nd l.1~.c r Sl ' l= rt.lt:.. 
j_ ·-<~ ~cwo cci·,.c:-sli:c:s, •)n0 of vnich cv•' ,2.1'13 r-, c!.ro1 ~:r t~1~- fi;o.'1 r J'J uc~ , 
th<., :-chor <' :.lrup ·_f t.h(.· er;g s·1s1)onsi·.m. 'I')'t.r; co\ c}·~~ .. ps \'.:.tl1 c. ( }~.<.:ring 

fJ.;: tteno .. 'l. cr.t ·s L'.ro subs0cruc~1tly .. <-mL1lcd . in tn-.. sr-•:1e .< n:-ter ns ~ 1:1-. ... o:~ 
cf soctiuncd :::0. tcr:i..fll . 'l1 ~ - fr.e;:l.}. itetc: latur so: · ~lrc.'\: :t :n t~ •. cov"r.'1i1r 
r:h'"<t.1 c1 hJ ~:,:.:\.,:cd cross\·!is0. ·~'he ~olluv1in3 illv.stratl:s tho prJCt..)(1u:.:•o . 
Su:-'p(:·rt •·?1.::: r.(FCr::'.li.V t:"n the, ..::dgos o:~ t·:.'u S.;-r~c. nSl· c:::t sl1~};:. 1-' 'l['l. ~od no::t 
to cr.c~ ~-P,c r (cr sr:.;mo otl~·· r ~;wwc•11.unt ~'-'l p._y•::·t) c~!.cl at.'l.r"': ~· s:~12ll drcp 
Of' -rJ·v~nry -r l,, ,,: (Bouin''") iTo1 ·-1 ·t · ·'1•' C·Ch<'l' C:"l ' 't:. 1~sli··) i ·· l •'J"··) ~""'' (~ r1nd • A. ... \._J...' ~t, .l l ..... ,_- ........ • -- ..-......... ,JJ ·' • i\,., ...,. -- J: J, .._ .l.,,l, .l I 

add n C.i:rlc.ll dr:..:lJ of the q"':(". .-"U3pcnsi :_ ::"l. ' t"'..: t11o d;Jc_. il'vc1 s"t:.[e . Invert 
the scco ·,(' coversl.lp uvor tr.-. first ir Cl'GSS\"I:i..sc p-:.;r.}. tion (so t .... ::.t ·L, }·1 e 
c::;rncrs do nvt coL1cid. u ) an ~ rele:.~fJ( it r.,;; ::;;)Jl~ nn th~' dr :1ps l.ouch. 
r'J.:hr• drcps shr:.ruJ.d not b8 r.llv ·-J·)d t. ~) anderpc: 8.~1:r np}:Jrvc in:-:-1c' ovnpcr,'t"i.; ic:n 
b0foro ,jui'l.inr . 'Ihe size f the c"!.rol.:.s nhu·J.l.:.: 'o.:.. :J 1 lCh th,· t wh·' n 
j cinc c~ -:.,~'1( fl'li\3 do8s !!Ot qu :l.tc' fi~~J. t~I.C' S}.nec bet\'lc~m th0 t':": cr,.rl,l'

sl ips . The eu.~s ~::.x·c t;'1U3 flc.ttun ·; il r.nd the: ;\e:r,roo of this fl['.ttcn ·inrr 
co.n he rcfu}.nt od t (: some (.xt..::-1t ~"Jy "clJ,·, s:.zi; of thv c':.rop.s. Tn.c fix~.ng 
fl,l:J.c'\ n.ct[: rapi c1 l~,. on c r·1J.s ..:·i' :::r.1<..1J. di['l-:J.Ctcl', ~;speciclly vv1·lun t'1oy 
nrc flnttcm;(.i. ~.'i.i.th mcst l~ ~nrl:::"w l:JG[!;S o::' .0.05 to 0.2 rmn . , twc t, ton 
mLnJte;s usunlJ.;t suffices f ,")r ·; i...:c1 f:i.xLtl.)n in nr ·u:l.n ' s fluic1. The 
joined GOvcrsJ.ips r, rc thct~ c::-,rcfull.J }J1 <tC~jd tn L. Syrrcusr: (.lis h nnd 70% 
alcc•h ·~·l is i.'i~dv(l '1Jhc..rcu1h ... li. the C'.J\·,;r3l 5. 1 ·s ton(~. t() scp .. l-ro..tc . Llft the 
u:)}JCr cc.·~;er~:lip ::Sf by X!lCr.:ns 0f c. fine furc; .ps usinc ~~ ncr::;· :1lo J,JJ.~ce:d 
",t th0 r.pp•:,;sitc (!dt;u ::> f til(.~ u;.)per c ovr.· rsli-=·· to l:rovcnt i ~; fr•(•Pl sl.i~~ing 
.-/J.l.llt 1")e ing l'tJr.' (J\i•:d , o~;d pJ. :-.. c._~ it CGf:_- s:tdc up in f'.ll'·tl".vr di.2h Gf 70~:; 
~tl cd-:·).1. SJ.5J1 :~ne; r· f rjnc C (:VE~rs lip over th0 _,-~-.l10 r ':.till c; ·.t~.s: disV'"Jrt.i jn 

·1d los8 ~ .. f t;fgs or f r nc:mcr.ls tho:":'ce~f . Or(1:i.nori ly Gb >n-1; ·b.~l-lf cf tho 
<.lU~ S '."iill cr:JlCru tu cc.r:h c ~vt::rsJ.ip . J:.r the fix:tn~ fluid hL'-rl b~on 
nll..YJcc: tu t ct f .Jr t . . -1 lc.ng ~- tim" bof ) J't. t.l1c c;· G VHJl'f L'.ct:J_;·.Jlv 
fh tt::nnC: , 1-:10.ny .. ..Jf tho Cf>f[l 1•.-:..'!.l:~ fc~il t~; ['dhGru . tu t 1 l.1 e;,-·,r.; r.J.ips 'Nhcn 
thc·y a :.. ... o f.cpctr,r.tc..(~ . AlJ.cvJ ·L;l''-' (~'"'".._ rsJ i;_l t..J rcr ... j ·i i.n tvil •:1' U1r•J c 
:::H ,, ~.o s of ?o;.:, cl!.cc•Lr•l fc.:r >.t suffL~i~.,nt J.cncth ~ f t· ir-1·.' (tLsucJ ly ,--~ 
.J. c:-· . :~ r.n h ur) to r-:.;·r.:Gve th~ yclJ.~lVJ c:,J.or , 1f picric fJl.;id (·..~f the .!..'·'' 'li"t 1 [.1 

f1uid) fr0::: t-.!:o •.n·:J . 



-~ -

1 nt; • .:r . The C,:,h'J ;ia sto.i:n. r-:; ~i~~'CS "..!'C. c"~nv .... ni(mt .tcr t .. i ~nd 

s'...~bs(~~u<?:-:t :.cndlir.r; . Th~.m •::nsh ~~~1C'e in tGp \'!atc:r r.nd pl[CO tho 
coYcrsl:.ps lr.. t!;.·_ reid nlcuhol . '.lb: latt2r shO'..ll: o in ' Syrocuso 
,'is';. c.:-:. t11c :roc:;r<Jss Jf the d'str.i .. 1.:.:, foL .. ~..wv "'0 . 
·.: •.!_--,_ ~!~. s·cr:. ;·h~ l~nr:-cr cor.!0S out .~the or;r;s i. '"i h "Jo cs 
:.~ l:Jr..ut ,rL -'l.r~lf ::.o _.:~c ~ i ",'t. · "f-'-cr l' - __ - r~.i~u IJS st.H .... ni i:":!\t 1'"'; 

r 
' . . 

b< 

'..·;~· .. Y'si_ l· i~1 tr ... ~;nto:. • . A.ftt:' e .. ~ lt..s.s-c t11I"\...o ~ .. lfl1, 1 l ... ..1 .. tn}) 
t-::.' C.l.lri:-1, 5 tc 10 r.:ic:.~t .... s r1.L ...,f't.; CCV"rslips ll' t ll">Ufh t.l t' 

,::s F.X' .Y::rllj1 o.:1d n0,m': vn, s.i'c \'iit:l~:-1. 1 ~:·~ 0r r:rl·t the':~:~ ..... 
.'nnt i:-1 C'..lpa.rrl. c,.:'...L:tc-r"tfir:i'1. · ··it11 ccs"in ()r utb.\...r dy" l~!'l~ 

us~,d in tl:c st.:cl ... ,.,,. ... i!~ do:: i~('t"'d . 

·: -Jl( r , 
of ~".:[fS , 

1("'\ 1l:. ' •. :. • .. • , J"~v . · ~'-f-.ll ... ~ 

rroto~oo. , etc: . 
~,li 'r -r"lr.':i~1f! ,>e:lu;d 
': 1 c.. C ._.J lv :~ t ~-:1. :"' :Jt' t., 



•. --;-AS U:·t:E:.:::.: .. rl OF OXYG:-':~ G , .. 0 1,'P'l'IC 
;.:rD OT!E~ J .. ~:r:~L.U) :3.._ 1IL ·.:r:;;\.:r....:.R 

'.:'11e . i:ll~lcr : .. et nod for ~·e8.sur:.n• ':!.ss ul ed 

0~ 'CJS u' AR~ACI~ 
i.E'IT D. 

~-: _ied to t~ .. study of tl:e ::-esyirfl.tor: :·C~.tes o of 
i;·· .. :o}i•'("' ._; -,:s b·r r . '"ar'mrg (1008) i:-1 ,:_s c1rssic 1 c:•m·"t.rat::..o.'\ of 
~( r'-19..-.r~ i;; .__ rat~ result.i!~ :~ro·: :'erti:j~[ltiOl i:t Arb:'c:[ . · '- Pe 

"vitr.:..-~atric r.1et .. od .1ns !l'WI been 18.::'c;el.,' s _) ::"sec,ed •..,: 1"': o·.1 tr· 
::"'· .rc:,!e;"lts : t st:!.l1 rn!"'le.i'"ls ,_scful i. l~:al~.:- ty:'·"'s of ox eri· c .. ts :11 ·' 

is ··:-y2.1;1a of t:r~at sensJtivity . Th·.ls L · ~.wdific:J.ti n c.·•.1oyed '' 
3ar·::: (1? :2) for c:,.:. e::"L:e::ts C•il f:;,"cs:.~ l·c.s f r."' ')L.:.bio .. ~~:..:. st::.•u"' e.t' t:~ .... 
:,-~ ...... ·tiOl"'S v!Cre fou. d :.o '1e rcrroc·-.ci' J.c to,. ithin 0 . 03 CU. ~7J:l . .-. • .... 

·.l . , :-o.1s o, mc.ny ol' t::c st"\..: c.'l .. :,n t" r·e.~.· '.'.Jt i:• th 1r f hF't- y:o •' t~'\V 
·.·;. ,: acce.sf to t~1€} ... ore cxpe:1si·'(' ~- ~~t·',:rctc ·;:"'' ;::l:'iric ''<1 !il ..... nt , 

, .. ': 1. 1 ic ri ty \Tl t ·., -c;~e ·. ink1cr r.lf't:v..:.6 .::n:• be of il.::) ll"t.c.:1(~0 . S c o .... t o 
,_· .. ~autions tc l::o take'"l for occurc.t:.:-: l",.~i...._:_ts ·.re i$CU~ ... .<: d by 'l'ho .. ll'S01 

fL'!~. :io'iYi.r.so:1 (l '::J.7- 9) . In tt-o n~es .. _,l-.t .-. .( J'C so t ·in r. t .. 1od \'i1J >0 ':O.S d 
-'..;1 :..~c_ativel·:;.r crude fer; ~ , 1."'1.lt ':.·ith s _ff~ .. c.:i -.... ,t [cc-...1rrc: to ann>lc th• 
stud .... ·-:. t to o'·.toin c:uP...nt5_totivo datu on Cr'c eff"cts of fc'rt.L 1 . ''o.tion 
and pro[rcss of cluvc.l opn•€}nt on rr. to ofo;:.:yp·on "pt;-o!{t:' . Su1r1 .. - ·cntr:ry 
ox:t-·cr i~"l(.;I' ts involvin[ ·chG :.se of yrrio·.'..s :rt!t;tn': 01-:ic sti.·m}ant:.; rnd <lc 
prt..~s~nts arl- listed bol 0\'1 and 11R:r '-)e 'U:.(1 rt·.::on by ..... 1cll stu(~~·1 ts ·Lo 
11::~vv the tine rnd intor"'st .. 

-.-.ivi"P.:: r··r. t · ric:-1: Ecr:s and sperm of : .. r 1)H C i3. , Jl..st,•ri:.'" Chn tvpt cL'1.'S , 
?1::-, c tra , : oro is or Os trco • 

=oui~~ £nt : - (per t wo students) : Scissors , forc0ps , bolting cloth 
(for strc.ininc c~rs) , 1 bco.l<c r (1000 r:1l), 2 bet~k.,_r (500 J-:-,1) , 1 l:o2kvr 
(10 ml) , · 2 mu~ici~c ~roppors , 1 grc.duci~d cyli:dcr (100 n1) , ~Bloss 
stc..p];hJrod •·uttl..:;s (100 to 1~5 -. J.) , 2 .[_T: ru1: .... r l' .. 1ds (to fit l·l"l[t·1 -
,.,,·cc "r' •"Yid 1' r)J_.._l·"') . . c-1'"'S"' sto·· '!'>~,< -.....• -J S (o:.O 1 ~~li1 l'"t d") •.· •· _ •. : c.·. V \..o~ . .. v VU._\:.J ...... , c. \... ...... ..;) ~ }-U - '-.i~r..~ i....l ·U L· .t.. v !., L· ""- . ,' (... l; ·,· , v 
pi:pcttes ( 1· l ···d. t h·O .l nl [rr,durtiD 'S ,) l SL;r Ol O[ iC (~]_ pi}JC'tt · (1 m1 , 
wide 0 ~- ~:m i:-<:; , de1:1.v~,ring t o ti l) ) 1 6 illJ.l'~·) 1,~3 or l:.i.rg~:; [;ltt.SS 1 Oc.d::, (1:11St 
pc.ss throu~h nccl-~ of tr 0 .r~J. :o.ss -s~oppcr· .. c: 1.;Gttl..;s ), l s · v· on ll'lOuntod Jn 
[' t 1.vo - ho1e ru"'bl: r stoprc.r to fit the; 12r.: r11 hJttlos (tl ·l- innur ru·m of 
:;he s ir•hon sho'.-1.10. extend do·:!l1 abo ,_t 2/3 of the lcnct'1. of tJ 1~,· J -.·ttJ u 
e.nd s~1ou1r'l. ~ .. nvG c.n upturned oponi:r..r..; ; t G outer arm s~1ou1d O):t .... nd [>bout 
'1 or 5 i nchus ~)ul ow tho b tto··;l o f trw bvtt1o ; t_1e ot:tt..r op(min,·~ ,)f c:1o 
rut·~)Cr stoppGr sh.ou1d hr.v' fi 3 inc!-" 1or ... ~t~ of ;·1::-r:s tul ·ln•j Ylld.cl; ncod 
n'~ . 'K: ;rt~ cPt: --'1 L~"rt1-·.r t~p:•,n ;-: , ~ · •-·- . o'" ·'-'l" "'Jc-,···r·,,...-,) l 1 ·r tt" " '· ...... - • - ( t -· .. '- ' J U '· V ..J \,1 • .- ..J. -.....J loJ V ,l .;. .._.,.,I. ' ...... V \'\o. \,_, I \,..1 

(5 nl or 10 m1 E\rnduEtt~..; d in · 0 . 02 ::1l), 1 ri:1e; stnnd vd.th burottv hc1c1 C: r , 
1 Erl'-'nr::,}~T<.: r fla s k ( 125 ml ) , 1 tltor~·r1!.1l~li..)t~r . 

G-. norc. l Ecm i pnunt : (for cJ.8.ss): 1 sJ u'·! speed f]r•nlC(;J' (ce\ . 5 to 
25 r .jUDd tri}J.S per mir: .o tvd at 2 t ') J 0 i·" •:>c. s :lmp1 i tUt: c , t· · h0J.d n bout 
thirty 125 n:1. bvtt1os) ; 1 htl['ncu 'iJC i r}. •.n[. up tc 200 gr<'.Irl S to wi t'1in 
::-·)O'lt 0 . 2 groms; 2 i.)11nson hur r.(.:rs nnc:l. trlpvds wi th V'lira scr•)C;1 . 



<1 
-~:.-

Sulut ions ( 1-cr t· o stud · nts) : 10 ' .. 1. 
, s<:t 'n · 3r::.8' • olT 10 , .r H 1 _ 1:J }:? 1.:1 ~;= .,a : j ·::_ V.L C0!1C • " · .• ; 
of n2t·; 1 st2.rch solJtio!" i!. dro~l-~in£ b ttl 
wat0r; 50 r l of frash:y ~oil~d Jisti:lcd 

of 4CJ: , ·ncl2 · 1\ ~ · of 
0 n.l of r 1160 • ...... -:.C3 ; s ml 
; 20 0 1~11 of fiJ.tc tt sl,.,n 
a+- r in STO }..:t:r ~ 'ottlc . 

Stock Solutivns (for clc-ss 0f 1- .~:-~-irs of stuc1' ts,: 8f0 .-:1 of 
40,-· n<l.:lf''nvus ch::. oriel... s olut iun ( '!S ~ .i..l' r~ - frvc . !nCln , 100 :::.• rc.;Js . ,~ 0 
up to 250 --1 ··.ith ci0till"'d v·c:t r); 2~U ··:1 of 15~: Y in 3C,;· r,.,LE 
solution (diss:lv"' qo cr~n~e of ;'c.OH is SOJ,h.. 'i·tL1 1 1 •:.r,.t:r , co01, 
ndd 37.5 gro.ms of :1 , !l :.'!C u1. to 250 r:l .: . c., kc, ~· in d"rl: ~ott 'ith 
rubb0r sto-pcr) ; 2.:::0 cl cone . ~:Cl (C . 1 . ·.it. nu fr, Cln); 2000 to 
3000 ml r /100 .sod iu:·· thj osul_ }1:-. t, 0..:..t·.ticn (m .. :c. up in !ooo l''l v (' l u
metric fl csks if 1~rr~r siz~s navnil~b1c; tor c~ch litlr ~..i sol' 
2.482 gr~:ms of c. l . gr::.L~~ ~·a0S00 . 5H2 C in distillcc'\ r·ctor to '10.1~' 
1000 ml at c nl i _rr.ticn t<J:-::, ... : ·tttir8 of flc ~:: ; i · solutio.1 is t o 'he lnpt 
sevorc.l days '.)·,for. us~... , includ, 4 ·.1 of l ,. :·r.OH por lit, r); 1 0 'll 
of uM;" stcrch solut:i.cn (ormls::.f~· J t:;J.'~':-1 of pot~:.t o st~rc' . tll 25 1.1l 
of \'.'O.tor nnd p our slor: l y i r.t o ~-but 2.75 !1"1 of boilinc; ,,, .ti.r , bo!l for 
c. fm·: r.1inut0.::· lonc:.. r, nllm: to sci. t.l0 ~'.·;d ch, rnt cl :~' r :3u: r'l~:tnt t; if 
solution is · to be kept lone .r th::n c-. f..,y; d"'ys r.dd ~ or 10 dr::)')" of 
chloroform) • 

. :anipuln t ion Gf Egg::; : Collect, s tra :i.n r~nd w~lsh in fiJ t r d sou 
v1ator ~:. l~:.rgc s~mplo of cr;r.s of Arbc:cir. (c;r ot~1'r £nimcl rvciJo.blc) 
in th.:- mo.nncr dcscril::od i··1 pr..;vicus ox~rcis~.. · • Allm1 t1 c cc;,2;s to 
s e ttle in a gr~.ch.w. tod cylinde r f or nbout 10 to 20 minnt cs [:nr1 mc.:.ke up 
(in thG lite r bcak~r) approx~ Gtcly 400 t o 500 ~1 of a 1 to 5 yorcont 
sus pension c;n the bc.sis of th~...: s ettl ed -:vlu.,..,o. Stir r.nd cliv1.do sus 
pens ion into roughly c qun l pr rts i!1 J~ 1 :~c ~ 00 1111 . b~.'r kcrs (pour in[; 
rnpidly but gently) . Inccr.:in;..to one bcr.kc r of eggs (n.:tinc; t. nc 11nd 
tomporo.turc ) Tiith [ fc~ dro~s of 2 suspcnn ion cont2ining just s u ff i
cie n t spe rm to f-.;rtilizc l r c.. cticrJ.l:,. o.ll of tho ogt;s ( :--c jud~ud by 
prior trir l on ~- snmr lo of thu susp,.msi ~.n) nnd \'Josh once ocl jus tinG to 
orig ino. l volUJ.10 , Allo\J Cf.[.S in bo"Cll 'jcf'l:ers t o sottlo s ufficiently 
to en :J.hle sivhon:tnc; off un;"JUE;h sup~..'rn<•.tc.nt to fill tho co.l ibrntcd 
50 ml b uttlc to ovc rf'lovling . 'J:hc '..h. t tJ.,Js sh uld c ontc> 1 '1 tho sc .. mo 
marbl o .-;.c gl c..s s b ..:J""ds us ~..od in c n l i'orr, t. ing o.nd pro cc-ut i ons shou ld bo 
t a ken t 0 avoid mu c h ~or~t ion during ho fil l ing . ~he pros :ncu of n 
f cvJ eggs in the suporno.tr.nt \:ill not int~rf~..:r..., suriously \l ith tho 
o~ycun-d0t~rmin~tiJn but it is best tc ~void including oges in tho 
s,-r:,:t-lo . ImtHi~di:J.tcly c: ft c· r fillinG, en-- stucLnt sh~JUld c..dd tho 
Winl~lu r r cn.gonts to thes e il ini ti ~". l roc-.c1 ing11 hottl ~.,:n , ns do~· cribod 
l')~...lov: , '.lhilc tho othor studen t proceeds c-.t cncc with further hr.ndling 
of th~..o eggs . 

Stir t' Jc SUS!)Cnsi · n s of eggs , fill ccnplctol:r thL 125 ml bottle~ 
( ~ont" i nine; nc.rblo or c; l c.s s b cc.ds ) '--' i th vc-.cl1, ins crt [:; l ns s s t opp..;r 
l·;c.vin_c.~ nc.. r:i.r spr co , nc•to t L.c :-.nd t .,l.l.;C ro.tur0 1 p l f' c ... ru1·bur bc.nds 
J.<;nrtl1wisc around h :...· t tlcc to he. ld s tuP.:.J(,r i "l r1 ".~o rnd plo c0 b ,J t tJ.c n ' 
on >'1t~lccr . :..,r. vo r•.m<~ in.dur cf :::us~~..:n3i .. ns for osti,,c.tin[ conc ... nt-rn. -
-~2.. .-: r;,f crss ~ s des cr ibed b-:; 1 ~:,'.; . Al1 ·)\J tho 11 rospirrtir_,n botth:s 11 ~o 
.~...,·-.'"'.iYl ·m tlll: "' hc.kc r 1'or ;-; pGrior1 .__,f til.i(- thrt is e;ctinrtcd t0 givv 
a r ..;a·'lj_ly nur.surc.'l:lJ.~..: oxycon u p t L'.b:.: , b':t rot , in ... "1y ..;v~...nt , for r 
pt.rJ uc, th2.t ;·ould u s" up more tho.n 3/ 1 ,.f 'c"~-lc oxyscn rv":l.l'1~·Jl<..: jn th 
su:'. - 'Nc.tc r vr for long,::r thGn t\JO h...,urn . Thu fol l ov•in;; fi gur•,s mr..;y 
hG l~ the s t u dcnt de ciclc un. the rcspiro .. t i ,n time for Arbr.c i1: . 'l'hc 
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instructcr sh"'uld ~c cun~nltcd for dc.t~'- Cl"' t 1~.;, .. ~ i.~~- ls . Or'i11: r,r 
s u ::: \:T.t:C :> r-t 25° C c cnt~i:.s cb 11t 5 Gu •.. :n. Of · r n.l. n(' illit'n 

f' r,t· .;~ cl Ar "'Cl·,.. -~s ( = c~ 1 ..,, vf ll·,..·~tl-.- s f-t·l d c ~~s o 0,..., ,.,1. ur:_ t...' ......... ..~.. LJ v .. f.,.. ~~ "-.~c. ~ • .. ... _ . _ ~ v . - • t:_ ..... 

ofcvntrif~;.ccd, }:~eked oc-s) constu•:-... c-t· u ·t, 10 c l.m · . 02/hr ( q._,~_ . l i t.r.k .r, 
1 933) . So c. s"J.s~ension "0!-:t:"'ir:in:=- 2r::o , , .0 \..:rr · r •~.1 r·Ll ~onmu1'0 
ho.lf c:' t-~'-' .:.--:r_- ... 1:. !)rvscnt i~: tl;.'' ..J~. · ·:,~. t , r in[~ 1 TiL of hLU.L'• 

As c ::--i""'..i.. .u... , 25 , vCO - 3:s J::C:' d m~-:..:• ... 1 :::>Ld i'\.·r ~- t·. o-~1c ~r '.:1 
for "-; 1 l"Z 1 c~~r c -· S" 1 c ····r: ~ " t " 1"'"Ut:::;. l' . t ''"' "' "'t> "nd tl1 u ·-~ -1 ._ \ !:..Jt_ L- ' ... \..- tl· - ~ '4.-'y b v- .L ..... '- "-. -' \.I •• • \J "'• ..... " I... ~ • (. .. • 

r0s·.::..rc.ti ·r:. t::1-:c r.r:r bo cstL:c:tcd c.ccurdi. gly . At tro c d of 
res_ ir~ ti . n ~.d'ivd ~ lJ o·1 the c1·gs to Svtt.J.o suffi i vntly t .... " [.b '-• 
si_:::>~1:.,nin~ ·,ff r.t lv··.['t 55 ,_1 0f .su.t-'-r.'".trnt {pr ctic~ll~- fr~ uf .~:"') . 
Rvmov~..- stv.lpv r, i !::n dic.to}.:: i·1scrt si;.'hon ['.nd 1 ill L1' 50 n1 , lj' l',"t d 
t Jttlv to o·J rfJ ov:inc_ , ~vo idinr: c.:r:.ti... .. n . l'rocccd :' t 
r:.ddi t i.m of t>c ·:, inl:l• r r._::-.c~nts [',S c"lcc cr5.b-.·d be 1 C\J . 

C·::mYltin:~ ·t "to r..,"TS: !ith tht '::ic~...:. :.'~:u.t ';.cd "l r ,)J • ricfl.l 1 i p tt ... · 
r cmov ... 1 r.l -... f 1·11~. stirr, d oe;z; "us:Jt.-nsi. n , r..:.m~ lLint in , hl ')\,;rl·or , to 
99 :--:1 c,f ''C['. '.'C.tcr . Stir this ilutvcl c•ur-~· "1:;: n :·Dei" .:l(Vv J. 1~1 

(or less if n~rl· thc.n 500 (.cgs }-ocr nl ::.rc: 1rcr."nt) t..1 c, <Lsh for 
count ing . The counti~1g is f :--cil it:lt0d i... .... tl" ~~l 1-- l o is r,tr, :-- 1 : .... c1 in "l:ll 
d is:1 in s tror.ks n-:.-t ':;idcr t1~n.n th' fi,_J t. ~.f t:1c l~.i '.rc.,s c ·l)'-- .. t. (~ 

magnificC".tion e>f 20 tc 40x . AJ.tcrnc·tiv ,l:. , thi. c.e;s:;s mo..y be ,,otmt.. ccl n 
t~0 :r-ipottc pl~c cd .:m th..; st.:.:.g> of tho nicros c ~...pc , prcf rt'.b1y in a 
dish o f s vc. ·.'Jc.t~. r t v f cci1 itD.to obscrvc.ti\,ns .. 

De tcrminr-. t i Jn of Ox-,g.__.n C(;nt ~n t: ~ _ the s::-.m 1~.. s in tho 50 :. l 
c .::- li lJr~. t .:d ,_ ttlc.s c~uickl~: c.dd 0 .. 2 !:11 r)f th<. :::nc l2- soJuti .-n rnd o . :~ nl 
of the lJr.Oh- I\1 scluti n . '.d1c~:>l.._; sr . ..;ul( i o i ntr;Jduc,,d c:ouut h~lf-vJ8J 
d(;';m tho b:..;ttlv with 1 :r.1l f i D..;tto , nd nci d n, ·, t be. ncc.sur,,d lY'OI'l 
2 c cur f'. t ;; l ~r t h::. n c. b O'.l t 2 05; • Ir:u" l. c<i r t '- 2. 7 j_ ns '-' r t s top p c r , .r t. r c inc out 
svn.e Vlettvl' (sub tr0 ct 0 . 4 ml f rr.:· c c.:' i "Lr:'.ti'-n vvlum ·· ) [nt1 r.v·_ id trc>ppin~ 
air bubbles . Shc.kc b .... ttle for [',b cut et mi nut ..: : .nd c:llow it t _, s t c nd for 
2 c c,uplc cf -:--1 inutos fer t he 1.rl c ipi t" t0 t<_, s '-'ttl e suffici<mtl:r to 
l c[' VC' c t least 1 em t:, f t~-:c u_t";p~..-r end v f tho bottL fr l.'-' of pr,,c ipi tC\ Lo . 
Cc.rufully r emov e; st ·:J! 1 o r end int.rvdnc" et ~)~..,ut 0 . 4 ml ,·.f t~,o T.:;Cl just 
bclr,·J t he surfc~ cc. of th'.J J icr,.l id in the lJ:.· ttle . StOl..;ror r g:--.in r,nd 
shal: .... 'J.nt il }-rccipitc tc h1'.s clissolv,.d . 'l'rcnsfc r to tho 125 n l 
Erl~Pmoycr fl ~ sk f0r titrrt i _n w The mixturo n~w c ont nins frtc iodine 
\''~~.1.ch sh· .. uld 1,c~ titrct ;d f c irly Suun tv c. v :J i '1 loss due t - its v olclt ili
t;;r, In titrett:\.-.-tg first c~dd sufficient thivsuJ phc.t,, sclutL1n tc c~uso 
rros t cf th .__, y ,:l l ovJ color c ue to the LxLi.nc t::J d isc.rpcn.r . Then etdd 
en,:-..:..gh stc.r ch st.lutic..n to r:; ivv f'. distL'.ct bl'..l.G C' >l ,r to th~- s~)luti•Jn 
( ~~ c-r 5 d r cps will vr·:bt bl ~{ suffice) 8nd continu., t-he ti tr.:-t ti n u ntil 
t:10 b lue color just di s [ ppoo.rs . Eo.ch Jal . t.f I./100 t hiosul pllf'.to C()rr u 
sp-·r:c's t :..·· 0 . 0025 niJ lir:1 o l .:::s ;f 02 ( -o.oo nt; 'Jl" 0 . 056 Jll C'3 :_;f eoc r.nd 
760 r;:!. IIe; ). Sin~u 50 n l vf s,o. •:Jct.~..- r in cqu.:..l i br ltu-,, ,., it:l:l r.ir cont t.im: 
8.1Jvt'.t 0 . 25 >nl c f c1i[; s :::,lv<..d ._:.;:~_r£;'-·!1 th...,·;. (,b.Jut 4 . 5 1•1l of the. l~/100 
t!.1.ir sul lJ~ T t - ,_ .. oul d 110 r - ~uir,_,<-1 for :.. s J o. ·,, n t•.·l' b 1_: nk, ['nc1 ,. p 1.,roxinf'. t e; ly 
th , sr'.l-:le C!1.)1.lll t f vr t he 11 ini t i:--.1 rl.D din.~~" sa. '-'rn[·. t[ "'t .- F'r · ::1 tho 
rU f"' ,;rene.:: i:1 titrr.ti "', ::.f t~!c suvcr·r~t~·nts :-Jf tho 11 lt.itt8l rvcdLnc" 
·1nc 1: rl.:: p irn t i . n bottl es 11 , frcn th,. cr.J. ibr:'. ti on V')lumc c__;f tl11 r c<>.ct iun 
b t.ti(.)s , fru;.l t 1'..; c'l urc,tj_vn (,f tl'"L ru>1 , [•nd fror.1 th(.) o.,·rr c .. unts tho 
stgdcnt r-:ny- ".r.l c ulc. t 0 the r c.t0 :-f ,)xy~~c..u1 Cl.~nau.-:1pti .n pz;r c:r,g (or pLJr 
10 Cgf;S) • 

~·he ro fl c tions involv..;Ct r.rc LS fulJm,s . r,:n (OH) 2 is firflt fo11n0d 



by ree,ction of tl:e :·nc12 with tLe :·aorr . ...'.s it fcrrk SOl~:e c :nbiL 
v·it •. the oJ:yver. _resent to f•:.r:1 :i.n0o3 , .. 1. ':rem rectritntc, .. ·..,i 
e:':coss 'ill(O::l;<? f1ccc 1ates as a ·n.nte .~:..~cci tt't • . ~~·he bE'lo..1ced 
eq_· ~.tions are: 

, c·-) TI\ '.L 2 

the 

~h" a·~~tic, of !~1 ~~er csuses the i~cratio 1 of fr·e i,:ino fro~ h,e 
Fl 2-CCO"-"':'~r:f to t~.e ecuntio:ls: 

So for each :11olecule c..f 02 present t\.o ·t:::..cculu:; of' 1 2 nl'C 11: crat d . 
In t-j trat:i..r.2· t:1e free ivc~.ine l'oac ts w •. t.' ~.Le t.!1io ·uj lnatc to form 
tet~athionate and iodide , 

which are 1oth c o1or1ess , I-'ermi ttinc; t~1·~ end point t o to c!etcrr i cd by 
the cisa.:_::pear<;:'lce of t:'le l:::lue color tl.:.nt f orm.., \:hen iodine r'ncts •;it 1 

the starChin~icator • . 

S"LrpplEnenta.r r · .. ork: As addici1 :--:1.:.. exercises the student ruay 
attem:r.t one or rnvre of tho fo~.1owL1[''! 

(1) l~us~-iratol'Y r[ .. tc rt vr..ri~'US str co s of dcve1 opnent • . 
(2 ) Ef fe ct of cynnide 

(3 ) Effuct of dini t rop' l0-:'101 
(4) Effect of idoaceto_te 
(5) Effect of low pH. 
(S) Effc.. ct of l".ie;h pH . 
(7) Respir ation of a rticially a c tivated eGgs . 

Consult ins tructor fur •1utnlls and refuronces . 

LiteraturL Sited: 

B -._ rth, L • . G., 1942. !-hys io1 • . ~ oo1., 1 5: ::J0-49 

·vJo..rbur g , . 0. 1 1908 • . Eoppo - Seylor 1 s Z0itscb.r . f.}'hys io1. Chc,!'lio ,. 57:1-16 . 

\·/hi taker, D • . I"., 1933 . J • - C. e n • . PhyDiol • . , 1.6: ~75-495 



r cure ;.cr~:;s r: 

It is rec.dily ap:t=:arent t:~qt t 10 tc·c .. :1 o..nount of n lear .aterio.1 
increE~.ses co:--.sic'e "a'·_ y durin~ cleavage r..: e().r1y ~evelo."'·le 1t . In ea
urc"1l:--.s Gvdle\'iSl~i ( 1?08) AstL.:r.ted tl:e i·1crease ._o ~e abo ,t s venty .. 
!'o1.C. frO!:: t_..,e unclea\·ed er; in Yih.l.c:1 t:.e nucJ.., s o~c, i" .. 0 . 2· of t ~"e 
tot[:!. \ clu:::e, to the b1as tu1a S tae;e, i \, 'l-l::.ch t l:e 1UC1e i 0 C 1'Y 4 • 
:~o·.:e·.-er chenical esti.·aticns of nucleic acids, hased c.n detcri.li at · on, 
of nuc_e~c acid p.cs~·:orus and of urine nitro·en s1owed (: a~i·r, ~ 10, 
1~:!. :~ ; J . u~~d :) . :·eedl-:.a.· , 1930) n o .~rcr..;ase duri.: th ear)~ :evelo ( t 
of ;:;· e sea-urchin . '::.!lis .··arndox was lcr ely resolved J":n:nly thrc , 1 
the ,--ork of J . I:r .. c.•ct (1933-<!:7) a.1tl Co.s_)crsson E' d ~chu1.tz (l ~ '-·W) 
v1!1o c.CC'..l' ,__.._lz.ted e\·irerce to s :wv; t~ ut ~-;-e c~~to_.lr.!:'. of cmil:·nl cells 
C:):.t~ ins princ:l.p:Jl:- ribo:1uclejc a i(l (r,:~o C['.l1ed :\·erst or p:.yto'1U
c1e5.c acic') ·:·: .. iJ.e -c::e nu.; leu:- co-:".b ~r s ''2-inly desox:-ri."lG"" tclt i.e a :ld 
(alr.o callec: t·~ymo!ucleic E>cid) a~ ..... ~ tha ·c t 10 for nor is trf'ns! ormcd tnto 
t:1.c le.tter durir:.g oev..:.lo~ ;·:ent . •r: ero is , ~-ow~. v··r , still or·e <lis~m.to 
concer.'i:.;- tht- transfur:J.ation (st-e , for .. , x,:·•pJe , 'cb"ic'lt .t =-ll ., 1 9•!0). 

In th0 1 re8 .mt cxorc:i.sc tr.c st-..,do•1t , .. ill nttem1 t to c: ''OPstr: i e 
the t'."O types of cucleic 2cids by c·vto':~1'Licc,1 ··ct'IJ.oc1s, naki'l." usc of 
an enzyme C C' lled ri G\;:1UGlcr,se ( Jo•"(;fl, Ll20; i.\\m i tz , 1 039 ) to cUr~. s t the 
ribonucleic aciC'. . Tre OET,gs and Cli'~ n'yos ... re to be pr 'parod bJ t.ho 
fl2ttsning tecr.:-.ir:uc, (lrJscribed L1. a so~·~rr.t ' lnborntory outli '-'• rl'his 
me~hod will ~ot give ns ~ood rosultc o.s sectioning , particulnr1y with 
egr:co of P ··bac lc v-:,1ich arc; hig.:uy piQlJ.<-nt~·-d, bt t v;iJ 1 c e:.doqun :.c in 
most cas< s to 1J0r1lit sntisfactory s tnini:'~- · 'l'he present oxcrci.so cl l"'O 
includes son:.o st:-ni- qucntitativo tests :Cur thu sugar constituents, t):.-
trn cti•)ns r.10thods ::-.nd some pro}•crtics uf m~clGoprot~; ins and nurlt.iic 
acicls v;hich !'1:..\Y 1~c unoortakon if t5.mc ~c:em its. 

Living I\. f, terial: Er:;gs r.nd sporm uf Arbr,c in, Asturias , Mr,c trn, 
C~actoptorus, ~cruiu or Ortrca. 

Equi-o:·.10nt (per student): 12.;. P l co-vcrsJ.ips (squnro), 12+ r-nicro
sc'Jpc s ~ides , 2 ~ covcrsl 5.p stninins jo.:cc, 12+ syro.cus e dishos , 1 dic
ser~t.ing ncor'llo , 1 f'orC-.;lJS for handling CO'JC:.rslips , 6 tes t tubes {en . 
15 ml) , 6 cuntrif~J.ce tubt-s (15 r.1l) , 2 sr.lr-11 cc..ntrifugc tubes (for higl-J. 
s po(·d :no. chino) , · 1 t~,s t tube r eck ( 12 pJuce; s) , 1 bLf kcr ( 250 ml) , 
1 h:·.nson b1,.'nGr , 1 tripod o.nd nir1J screen , 1 dropper (tu reach bottom 
of :; 5 ml. C.Jntrifuge tub~..;s). 

Solutions (por t~o students): 1 litur of distillo2 wat0r , 50 ml 
-:r!"' J.- of 50, :_~5 , 95 , and 100;·~ £~lcohul aJ'l' of x~rlol; 2 ml lincl1 of t. uparal 
g_--,_' of Ca>:1adu b~.1Sf'1(; in bottles v ith glass roc.1; 10 ml of 0 . 017~ 
:cil. . .;;.1uclcnsc in :;cih.'ains b uffer at pH 6 .6 to 7 .o; 10 m1 of :.>nJ.o 
buffer; 20 mJ. of Y IiCl; 10 ml e;f F:~:ulg•,n. ' fucbsin-sul!lhurous ncld 
(sre :18.fnl~o, 1946) :- stir l c r c ;1 of i)aoic fuchsin ir-tto 200 ml of 
b0ilinG distilled wr, l: ... ,r . Allov: to cool to 5ooc rend filtor . Under o. 
CDCmicn l _lQOCi bi.l')b]c S00 g8.S thrOUGh t[1_ir solution for f'bout on~: hour, 
frorr: n flns J-: ond tb.:i.s "clc t'.tbc g~,n.urn tur con tn ininr, s oct i UJn ;, l:.m1phl to 
.:lno d ilutc rll.l.l~·hi. .r ic c.c id; t)1.c 1 iquid t1.~2,~"~S s tra-.:1-c ol orcd; nt1d nb ;ut 
~~0 grrrms of r.ct ivat , d chcrco; .. l (lJi .. rit), ~~tir for ~.bout t\JC. ninut ur; "'1U 
:'iJtcr throut:~h fnst pap•_;r . 0tor ~ c01urJu.;~; flltrntu in d[lrk in ticht1y 
.... t .8vpor,d tottle; to stf'nd for 24 h-:mrs ((.fOh. usu; k,,up ;,ottl~..; Hull 
stoppered in dr.rlc; 50 1r.l SO - watur Prn'J0h. so2 t!'ron:~h clistillcd 
·1ntcr for one h!:;ur; stvr..J iB tightly stul;rvrud flos1c ; 10 ml of Unna ts 
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1}, "'Cr:..l ::-eu: 1 r-rt ( f or cl::.~s) 1 r· ~ l' b~t 1 ct 00° \':it'~ l'~. ;, GO 
.F;J( ·'J out 20 cov, l~~ Ji.t- - St:'.i:·in t j<''r3; 1 c .... ~1trifU[::L lOl' rvO'tt" ,) 00 ,· . • 
1 c ~t r:l.fu.::; c for . '···ut 10 , 000 C· ; :..;o i.ll of l' :_1o.~ut i o:~. of ri:l )C . , •• r1 o· 
or ~ .... c':-:t:J.os·..,; 20:--11 of 0 .1: ..> olut:~m o:l <~·so:·yr ,__, ~.c ; 1 ,_<.ir of 
r;olo..roi 's; l \':.·tc:r bnt:1 for 100 08 '-it'~ ·.ire J-.~_sh.:t 0 }' r" .. k o holc1 
['1_'-'J~"L~t 20 t ... st t".-.. '-. S (13 x 100 :-:nn, . 

A . St·..,i·tin,--: .tr o~·;C:nrcs for thu Ac "1 .:: . r ·lO.l' , cs ll'"vi·nwly 
described , occs .:-.no .::-:-;1':.1ryc s ct v t ri.:-us st~-.,g~s of dt-VL.l Of'!''Cn~- of {'l.!l~r of 
tho above l:l.. s t cd : n i n.:11· , or of o ther.:.> JC1 't:t rr.r..y o G V •• il['blt' . F'. x 
t~1rc.o or rr:Jrc s~..t~~ of v:.,c~ '"'.nd ~r.1bryos in Crrn oy ' r. fluic on covvrsllp'" , 
by th·~ fl<: tt,·ni~g ;;1othod , f~r 1 5 r.lim:tos. Scpr, rn t...; cover lipr·, tr~.n~ 
ft..r to r' l cohol cmc' ruE the::1 do·. n to pu·c~r . Then stein for tl"c t\:o 
tyr~us of nucl<.;; ic c.c ids c s follov:s : 

16 Pc ul pon ~occt ion for DasoxvrDJt-nu cloic Aci 1 • · ll~cc ono sLt of 
c ovcrsl i .!:-S in N ECl a-::, 60 0C fvr 10 to 12 minu tc 3 , lc."'.ving ['n othul' S-.' t 
in water for tho SC,mv jOrie;d ~ S & CDntrol. dns·: iYl '!ILtor , t~.u'1 S0;2 
VJ8. t cr nnd ste in for or1c L;ur in Fcul::c.n 's r<~r.e::~nt . ;vc.sl') 1 minut L~ in 
ea c h of thr,:c chrngcs of SO?. v.·a t -..: r, the . 10 min'-1t.;s · n r:~ t..;r ; dchydrn to 
i n 50, t' 5 1 95 o.nd D.bS oluto c. 1coh ols n.nd r.' OUnt in vUf:nrn l. . 'I' hi s' pro
c cd·,.:_rc stJ.ir:s p rimar ily c h r()mc tin mr~corinl . (S.;o St..;fE>n o, 1 948 , for 
r c~'·'nt ~i:;·1c":,· c :L' t):.:.. rcE'.cti ' n.) 

?, ):>>onucJcic Acid. Pl eco _n.:_ s-::.t o:C CO'.ic r s lips i n c. 0 .01;~ S:)lution 
(•f ·t .. b onu~Tc.u.so (inl:clh'J8.i!13 1 s citric c.ch1 buffer nt pH 6 . G-7.0) c.t 
C-0° ; for uno hour 2.nc" r. ccmt.rc,l o~t i n buffer soluti,.n \'J.th~ ut tho 
vnZ-':·c . St cinin g nay be c'l·:.- no oit~..;r vJiti1. ( o. ) U:1no. 1 s m.::. thy1 cr ~cn 
p;r.~•,t:1.!1!') nb·turc o f (b) t :luidt:J.c blue . 

(~) ~ t nin b .... th s e ts for 20 min lL.s in th,· m·..;thyl· c;rL!vn- p~_rronino 
8·: ·L,lti--m , ri s0 i n •:Jeter, c~ iff i.Jrcntil:'.t,~ in 95>{ r. lcohol, run throur,h 
r0~;-·h< t<::: rlco~1.1.1l f'nd xyl'Jl , ."''1d r" ount i ~1 bclsc.m. ·, ,hil.:.. c·.l l :x,s ic 
dyo.::: ·,·,il l strhl b th t:rp~s of D.ucl~..,J. c o.c5.c , t1~ ribonucleic r.cid tunds 
to st'"' i•1 red o.~·:o tho dcxozyrib t"Jnuc l ~ ic c.clc1 grucn in this mi ;cturc . 
Digc;sti.·n 't1it11 th~ ribonuclco.s ~.., shoul (~. J:'-.;r'l ,,- L. th-- r< d st .:-- ir.ing mat, .. r:i£' 1. 

(b) Stn.in be-th sets fer ::...o minutu.; ir cc)uicl LL\' blue , '.'!i.'. sh in 
nu V• r2. l cl C. 'i_,~s uf "E'. t ur , Ciff~;r·vnti[.C,. :li. 05~) c. l c.:>hol (f'bout 5 mim;tr,~J ) 
".nd .. ,,..,U!1t ... s <:~bovc . 

Ho t~.., ".lld r.'J.k(; sl~ctchcs of th-·; (Ji,'3 tl·i h u t i('n of th(, s tn. invcl mr tl.r i n. l 
i.1 but 1• t:nv <..,'Zy-i-!L -t ri.Jo.tc d nnd ~ontrol sots .::-.ft .... r ono '>r both of the 
~;~).vc r.1Ctl'!A1s ~!' s tr. J.ninc . c,.ntrifugv c. s~.mpJo o f or.;G,n r·t rJv,ut 5000 G• 
vr cb , t 10 mlnut .... s nnd Slh' jLct thc.sv t'.J the S['mo proc~duru rs ['bCJV.J 
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for t:1~.: dct•.)Ction cf ri' )nucle ic ncL1s . 
rl ')t._,«"'" the ri2c'r:u ... l~ic :--~ cid ~-l ~ ... ,.J~"'..I' t v "co ~.1- inl_T 

\ L~- t nn t.vri~-
s .;C i~ ~- C • 

he c g 

~ ;:.. ""' ' r~...,.., '· ; n " ' c' "'I..,' ' .,..., ,_ i . '~ 01~ 1 . ' 1 ..,.,...r"" ·- l. . "'"'"' .._ 
- ~ ......... 't.." .. .!.-~~""-,·--:... . '-t ~ ~ ~- ~ • L. . .. : ~~J l iiJ\ ·• (..-.~Ll~l__--,:__;:;;_,;_;::____:.:....:,::._:: 

:>1:-:st~ ..... l: .. r:~.:> of ·-1!Cl ,l8 .. C1.<s . CcntrL:t:c~..- C' s 1S.::Lr.S1.0'1 
~:~-' r ~ ut l 11'1 of .:.•~-c~:tJ( ~..--:s . ;' .. dd 5 r.i1 of ... '1.i"t -~l. .... C: \"'t 

, "'o··,.l·· •'"' ...,tT"~..., rr--~ .Po.,., " O"t 1" ... ; !'t' ·' S ~t 7.. 000 c· "11• l'Ot \r }_ ""-' . _ ......, _ oJ e v \., .;.... - _ .J.. C \,.,.; - ..:.. '". .. -4 • V l .... - J. t LrV ._ v , C • t .. .. "' ~ 

sq~:-r ::i· !1 ;_r.to l:-iQ' .. --:1'c , .~oll:, ~.ic:.·osu:::['.~ (cloud:·) , Ld oil l~y r s .• 
· .:~_vt~ • . .:::t of t:1·-: :~:i r or~17lf' l lr~yc r ,"'.nc1 ,~~,.,··t.r ifur.;v t 1ls nt hir:.'.J. « ... k 

(c~- 10,000 c, . ) l'..Jr ::0 r::in'...~t-t. ~ . :, 1::ovc t 1'c "'U}icr:1r-t~~t ~:td su }cn1 L''"' 

sc ,, ·cr.t i:t dir.till"C:: ~: "t'--r• Adc D.n ..::c t• ;-1 ull.D c of ,0~ trirl.lo.~.·o:-.cvtic 
.... r , r (r.; c ~. ) t ' b :. h ..,. , ' . ,.,... ~ t f' .1,t ""' ..:l <; •.. -) .:·, , ~...-., ... - ,, ~ l lt -~ 'l .. <> 1 r ,. ,., t ""'1' 1 r:: 
(.\. '·4. ~.. ..!.. ~.... · - :.J v u "--....... .•( ..... ... ..... ... J.\l. ..... '-"·.J...--~ ..... ... - . ..... ~ • "'"-'--1,. .I \,,; ·-

1!,~~---;tt ~; so0 c. It h:.:. beer: sh .. · ... n by S .h~. iil_;r (10-~r:: , 1 ~1 -lG) t;-.r~t t.1•s 

PP~~--/urc h:,rdrcl:rz~..s !1':cl,. ul rOtui'1S , pr1. c5l-'n tcs l 'rotcin ~nn C'Crr' lct....l:r 
c-;.-":_",'.. Ct::J tl:G ~1·. cl...:ie c. cicls . Tvst C'. 1 ·i_quvt~, t.•f t:.c~' 'l'CA xtr<' t f' .1. 

p~mtcst. c.:r-:.'"1 c'lcs ~x;;pcn·L.:'S"- b:.· i'h'-' · icl •)rei· :·J r .:;:::\ct. ':.!'. rnd tl•- D.i."cl~~ . 
clil-~•onylc.n::in~.. r .. r..cti:..n dc..scril .... d l.1c-;·:, o.nd ~ om1·-..r 1 tllc eel or t;,, 'G i-
t5.vs r:~."'UC.l ly \'J~th st ~.ndrro[J rl~dv t:p fr·,_ t '11.. "1;:rrs t ~) _.ivc C' 'OU[)~ 

cot.inr,tc o.f tht qur- !"l titius llrc~cnt . ( '.2w rrL1cs -:•f 1-)~::tur;c cr dcs o.·y -
p·.nt.)sc r cp:L,\JSt.. Yl t uno v.~Cl L- C;f t '·'o corr. Sf• '~C1 in[_: f' UCl<..iC f'Cid "'i:\C't" 

c~Jj the s·c1 .~ r uf t'c_...; r uril"lO !''...lC]~:..CSit'_,~ , '~"Jt i·hrt Of thu J:rri:.i ,~ inC 

!We Lcoc .:.c,0s , ru ,-..ct s ·.: ith t. ho r ..... r.c\ n ts) • 

Pr . ..., r "10~ "''l"l("'''l· -,.., f "l•'' l"'>'A .~n .• d fc ('1_. r~ .~. r CU"l . ,-)"t1'' (.' of" \,.; J:' <.· \...; \,...'- _ / ) t. >l.U ~ .... J.~ .. \.J.l \./ l:'v 1:1.. .... . • ~.,..;,... . 1 l.~ , •• - ... • 

4 f.' Ni Cl . This r ~~ sv.lts in c. hic:l11~- visCL'W..: ~cllt.i ..n of nucl(oprot, ).n 
from ··1l1ic~1 scr:0 undissolve d nntcri c- 1 Cf'.n b u l'Ln,ovcd hy hi[~l 8}-:'t'vd 
cur..tr lft-..gc-tL.n . I' . .~ur this solutiun L1C' :~~)';ut 6 volu11( 8 of r;~·tL. r . The 
mJ_c:·_c , r) -prot~.:i.r> pr,,cirit.: tcs Cc"' c. fibr::U<"l ll'n~·s v;hjch _.r-n b0 \.nshcd in 
O,J LI.: 11 NrCl nnd rcdissulvod i r 2 r; N2.Cl . H·~t ... ' the; p'1_tsical pro~)l1rtics 
of t11c sc·1ut.i· T' ( cxr<~Ii.inc for bir ... ,friba:ence (_,f flo\'1 if pol:-roids arc 
O.VtiJ.r'.'·_. l c ) .• (Soc pCI.):Jurc :)f i~irsl~r , l' .JlJ.:istc.r , D.nd h is , 19~2 , 1~17 , 
for i'n;->c,rt~nt cvntributicnG to t)l.U' lcnt.JY,J.odrr.._-; of thG propc rtic r; and 
cor'!pc::·lticn of nucluoprot-..; i ns cmn (~hr r)1 ,•. u;,_r:!cf' .) Extrc.ct to n:t. c o-
pY· t:;;_,1 <·c. lutic,n \li t h h()t 'l'GA ::>s d.cscriLcd ;·_ ~Jovo c.nd tvst oxtrncts 
wit: ~~o ~i~l nnd Dischc J'0CGunts . 

Dial ' s R ~;c:eti n . 1dd 1 rn1 of lH£:1 1 " r Lo.c;ont (s vv S·.)lutionf> , 
::.hcv•J ) per r,1l of unkn i.'•Y.n soluti · .. n . ~-i,;c_t in builjn:~ wr.tc;r bnth for 
2C .T.J.nut~. s f'nd cor<,pD.rc i n t ensi t y of gr ;on color t:b.c.t d\jvclops v:i th 
:~h:::t if st c.nd~rds prE.:pc. rcd frcm c-.cr:L::ll C:1iluti .. ns vf stock r ib '"o , 
x:Tlos~:.. or n r 8.l.:in·. sc s .. Juti .;ns . (S ec· I -:; j~ IC Ulli , 1 ')39 i'..:r <~U~'-t•tl t ~•. tivc us o 
0 f t his t ~ s t • ) 

Dj_schc ' ~ R0c.c ti. ~ To c.n r.liqu/c. of tl'L unknuwn scluti:·n r.cld c\P 
qquc l volu;nc of Dischc 1s r v<f3Ln t ( st; ·: ~~ - 1u~~i~:-1s , rhc-J\; ) r-.nd t.o f'n~) thor 
r. liqu :_. t r>.dd Di~chc ' s blcnk rc~.gcnt.. C·,--- r v1i th 8. e:l ~_ss vi ::1. l < nd 5.m
nwrsc in b Jili'1·~ 'J ft,.n' b.:-:.th for 10 ::1 i nr_~, ~3.. Cc ')1 und< ·r runnjn8 tr p 
nr tcr ."nc: c·...~r.: .::> r c i "lt(;ns i t7 (_f bll:~.- cul .r· V'i t:: th· t •)f nt::tnrlc·rd fl t_,f 
ccs ·)J\:yycnt•.3l) , c-.l lu.Ji:'1.~' fr;r blr,n)· . T'':o rc:-c' ings n o~llr1 ly r1 ono :-;}1. rtly 
~.ftc:c c cc.li ,. stncc. th~. c ':l1 r i ntL·Y"l:-:ity :1·.-,crc..c.3us on st..,nnj_; . f~ · 
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:.:i ~f:; l:y' .t' • • - 1947 Ccl('l :...pr i~1c li::-. r~) c 1' s~ 1 l-· • t,uo.nt • Bi· 1., 12:1..:3 .L o ' 
?·~iflS ky , ' ~· c. n r.\ rcllistor , II 19 1±~::: roc • 

~ .. nt. Acnd. Sc. 28: )1.~ .:_. .c, . ' ... .. . J 

I. .~J."' Sk~{, f. • • b . ' ~~nd l'o11 is tcr, J.. . F/ 19·16 J. " PhJ~s i )1. 30:117 .. . ucn • 

:·: i;:-sky, A. I:. c.nd Fis , H., 1947 J. G,m . lhysio1. , 31:1 

1930 J. ~xpcr . Biol. 7 :317 -
;:.·.~1 ist o r 1~ . ·: . • r,nc1 Ris , L. 1947 Cu1d Jpring lir.r,;.Jr Syr.1y. C'ur..1,t Bbl . 

12:147 
;{c..: 'c. lko , s . 1946 Stein T0 chnclor;y ~:91 

3·~lrr·idt , G., 1Iocht, L., r.nd rl'hc,nnhnt~s~.-r , S. J. 1 940 . J. G.n. 1hysl01 
31 ! 203 

S~hncidcr , ·:; . c. 1045 J vur. Bio1. Choi~l . 161:293 

Schneider, . • C., 1946 Jour. Fic.1 . C:1mu. 164:747 

qtcf"n~ H ~ 1 9~8 ....... C. • •• \ , • ,, • , • ~ 
. F . c.. .t'roc . •D.t. ~-~cc-,d. uct., 34:75 



Cel_ular cxitatic~s a~e ~ov k~own t~ proceed thro g. an elaborate 
chain o:Z. enzy-:":atically catalyzed reacti• .. ns 'l)y \'J~ i h the init.:.al su .. -
s tra te is broken d~'Wn in stepwise fashion and i . ·:hich s r.~e of t:1e 
intermediates -;:ay undergo cyclical reconstructi01 (e • • , tho I\reb ' 
cycle; see Krebs, 1948). The enzyn.es im·c1vcd are, so1:e'Jhat arbitrar
ily, termed dehvdrogennses and oxidases, based o c0rtain propertie 
su·:h as ·;hether or net they are a le cLc,ero icc lly to roc uc · ccrta i.n 
d-;··s 1 ik:e nat:·nlenc bl 1e. But this doas n0t im )1 - a. y funcL .. ':.ental 
::l.i..:'fcrence in th.e r.:·")de of act Ln of tl"le t ·:o gro 'PS of nzy ,1e s, i.. 1,,o 
the reversible ~:i~ation Rnd reduction t.at tl~y b0th under~o CP. he 
ex.ressE;d sini:.e.rl-~ o:1 a!" clectro:1ic "Lasis . Tht~ dif er"'Pces nrc c'-.lt 
r<:!~··cr tv differencvs in potur•.t 5..al at '.'I~:J.ich t: o:v 010rat • l'1e O'Ci.
dnsGs arc co.r.~~.·.' l0 o.' rcacti;""'- \'•j_t!"l ·:o:'.cr:.:.J::-r LIZ.Y<c:' 1 a·1~~ fc,!'l t:be 
term:!.:1al c. d of t·~ -. ch2.:i..r.. I:o'.'i('rc.r , c-..:'t~ i:1 ~f· .. '-:ro.so''t s· s C ... t'<l~·t:. 
of' ~educing 1:1CthyL::nc bl.tv), ~uc .. as t;1e 2.lduh: C(' o:,idas~ (~r· RrH:-. ·o r 
C.!'lsymc) con~r.1o:•ly found ir ~·:ill.~ , arc c.lsc ablv to l'f't·ct w~. t}1 .~ol~, '-.l1.etr 
ov::-c;en and nm:r· rc t0r-::1vd c.urn 5 c ctch..-,i~': .. c·~...;~a sL s 1n contrast o 
:::.:--.: r,r o'.:lic ont.-s , such 2.s succ::. ~'i c dt-hydroccnas ~ . 

In the; pr<;s~,nt exercise t e "'tuc'lent is to perform so!'. si1.plo 
t3sts rolnting to the occur1•onc"' of COl'tnin of t~1 so cnzyr·os in s l rm 
,n:d eggs of r.rrrinc anir~a1s. r~...lative l'r littl<J do.t[~ 0'1 ma.rtn<.; nni• n1s 
i'3 E'Vailf:blc in the litcrtJ.turc. r.'ol' rof(.ronc~ s consult i·'oodhnm (l 0i:~,) , 
:Sr2Chi,t (1947), I3aJ.l .,nc1 f·v:rvrhof 0.9'1,0), PnlL.~:tine (19'10), Rm,nstr ':TI 

( 1930- 135) , Ors trorr and Lindberg ( 1 910) , 19~3) , nnd Krahl, J;.\ndorf nnd 
':::10'.'!03 (k942). 

Living r~;r.tcrutl: Arbacia, Astcrins, r'actrn , ·cruiR , Ostre.a or 
Chac.toptorLl.s. 

Equipment (per two students): 24 + tc.,st tubes (l3xl00 mm), t st 
tube racks for 24.+ tubos , 2+ pipettes (2 ml graduated), 2 t n clicino 
drol-'purs, usual d ishos for '-: srs, spcrr:l and er.1bryos, 1 bonkc:-r ( 250 rnl) , 
1 bu'1scn burner, 1 tripod with '.Vir-:, GD:J.zo , 3 feet of collophono tubi:1g 
( ce.. 3/4 inch d iar.1.) , wood on s pl in ts, 2 con trifur;~... tubvs '15 ml) • 

SoJ.uti1ms (per tvJO students)~ 100 r:l of 0.02% mcthyl<mc blu-3 in 
0,5r l';acl; 20 ·:nl of 0.02~~ nothylunc ;Jh.10 in 0.5.1: NaCl containing o.our 
ICCN; 10 ml co.ch of 0,5I:i NaCl, 0,371'. sociur,; succinate, 0.37!'1 sodium 
t;lyc<.;rophosphatu, 0.37t: sodiur.1 malat0 in H . KCN (prupn r...:. hot more 
than 2 hrs. before- usc), 0,5r.I scrliun lactatu, 0.27f sodiur.1 citrate, 
11: glucosu; 100 r;l mineral oil; 2 rd of 0.2~; 8lpha-n['.~.phthol in o.lco
hol; 2 ml of o.~) dim·.thyl-p-phunylonvchamino (prc,pnrod just bvforo 
use) ; 5 ml of 3,.? hydror;cn per ~:·ide; 20 ml of 10~'; formnldoh:rdc; 10 ml 
benzidine s olution (2 gm benzidine;, lG r:1 clnci<l l acl,tic nc:td , 
10 gn soditu"! ncctntu, 100 nl· alcohol, 100 ml wat .. r); 2 ml of 1% 
sodium hydrosulfite (Na2s2o4, freshly 1 l"'cpnr od) . 

Gonurv.l ~quip:i"!C.. nt r.nd I.~a turirtls for clc-ss: 1 c '•ntrifugc (for 
3000 g), 5 lbs. of dry icc in m~thyl·C.~~lusolv~..., spectroscope 'lith 
stronc lisht source. 

1. Enc'.og •:; nous :.ct ivi:ty: (c) To 1.5 r1l of e.Iproximute;Jy 5;; 
suspL.nsi·:ns of sp<.:rm, Gf,CS and \..il:l.or:ros ucd 0.5 ml of 0.02~ mGthyJ.cn·.; 
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bl .c (in 0 . 5;· :ac:) in a 13xl00 rr.r1 t;st t-..l • Cov"'r \'it' :1 out 1 nl 
of !.t::.:;.crr.:L oi_ (us0 I:1cdicinc drorpcr , forr1s "' lr,:~ .. r of c".::>ont 1 en) . 
Set -u.p c cont".rol •lit"' en c;;g suspension tr .. nt hc.s been boiled for 1 
nin'.-'.tc. :·otc t~<] ti:::c for 90,-_: dt:Jcolo:::'iZt'.ti n of th ffi('t:1~Tl~_,n blue 
(usi~g c. t":ln- fold dilution of tlF rnct'1 :!., nc blue in bL"~ilcd ~.,;~G t!S:•cn
sic~s r~ ~n cnd- Ioint standc.rd) . 

(1)) L'e: .. rrc 20~; suspc:1Si).1S of sp r:-.. , c_::·gs ~.nd "'·bryo'. li'rvl "0 
{ · -;,,.c .: ~o) '"''ld t' 'r-~\'J ....,,... -'~ ndd '·~ot1-,~rl IlC ~- "( n'1rt "~il CS "~ ··o C 1 -..&. • ... • ' ..L # (....;,- .-.<... <.1. ~ .1. ~.l (,..,.. • - -,,J ...... -. \A. ... • .. """ .. ' .... • • 

r-~r(.. · ~-.C' r".tcs of dccolorlZt'..tion ·:ith tl:osc c·~-.b i1 od ·it 1 ~..tc livLn 
::•,. ·,J r .:.::-.1 . Do t .... o c!n'·,~os C.ccolorizo :::: t'" ~lonJ 1:.;) uc ' 11c rc ,,, pj dl: !·3. ' 
"-~ •.J.nc1e;n, .d c:;pc in 1ivin[ co:'Clti 'J:1 r.~1c cft•.c' ~1' 'zi· :.: ~n t1~W ilt": 

z . s'--~t~ ~vr IJL'~ ~rr~rO"":Cn~tior1 of ' .. .L "I'.S s .... ~ ... ; .... ~~~tcQ: T r1
"''' 

~1• '--~ St:.:'!;lcs Of t!-':--f:r'OZC"l r.nd tl-:G\''C-Cl~;~,:.:_o.cn:;,lo··~~- ~rCl-'<.1'(~0 f't OVt I"< 
<..1 'j 8.,5 ;"11 uf t>· fo110V'ing oluti011": ~· 1 J.) o . r::i. Ho_ ] ' (2) 0 • ._:)7 ... 
~:uc.. .-.u.; succin~tc , (3) 0 . 3':':. so··nu:~ ~Jyc.v'•J:hc.sD't[ ·--.., ('1) 0 . 37.~ sc : :..:. 
:1: i,._·(;._, (i"1 1;.: 1-:C:· - }:r..;r-:.rod net r:vru t: r·1 ~ hours c.f-..ll'l US1. - ns~.. 
ci.l ··~ ~"'~.;r f0:> :pi~otti:1g L.r.d ~.;xt-::-t :·:e cnru tc c.voi-1 cyri ide pois ·.1 ·' c; l 
~:[.1 ~ . .:: C::c:Hc1ror,..;nc.se o;'id >·.o s n:~ L .. tc to · x~:.lccctc> to \'Jhic" r turn in
l·j·, its tLo oxidnti(-'11 vf :mr~l[',t...; . 'll.c cyt'•ic' eo l •·· .... s v·it'"' t}•o 
:·\~_rrct:,to o.nd J,:rov•,nts this L~ )1-,.;_-~:;j·.n . ) , (5) 0.5·· soJi , 1~ t .... c . 

(:: 0.27:• sodiun citrc.to c.nC:: (7) 1:: r_"luc.sL. . H.c1ucti~.'n of t.'.O 
·•~:-:·'l:lcno blue , wh~ro it occPrs here , v1ill rro'~ur.ly t~h plo.c0 w't !"', 
~: ~:.-~·.n's . Cc'!"nrc t 11o r~tc of r cducti n ':it> ,~.nd '.·ithcut t'•e c.dc:tJ: 
su s·:~rntc . Di['_ l-~zc SC.!11)1Cs of th0 fr(.•zon end theY'-.:· sporr1, G(Gfl , 11i 

C:>bryos rg:--inst ru::-minr s•.'a \'".'C.tor fn' Cor r::cr1.. luurs r:.nd t(st th 
(icl:rzcd 1~1c .. tcrir.J. 1.~1ith tl1u rbc.~\~t, su,:,strr .. tcs ~.11d tl1e lft,c~..~ blr~nk . "'I~\n 
the cr,do::~m·'us nctiv ity disr.ppL-c.rod r.s a r(..~·ult cf dln ysis: J3oil ~~ 
SD.l"lpJc .. f t:1~.; dlclyz~..-d ;--'':1.tcrio.l for 1 minute r:.nd tust with tho 
su'Jstr r,toc thn.t go.vo rc;d::tctiu-:1. of th0 1· ·tll~;l~..Jn·. blue . Set up sin•il~r 
tu'bos . f t>t.. d:_r.1yzc,c' o.nd non- cHr1yzod :·::r..[.ori.:-1 plus substr<'G O us ins 
the cyc.nido -c on>"'rinir:.g r.'lc t h?l...:no blu~ solu tion . Dot.s tho cy~mick 
inhibit t"l"o roduc ti-...-n cf tll.., r·uthylonc. blUt:.? 

Tho r :nc t i.ns th:->t th~.; d.>.:.vc su·:stl"['.i.,os Ul"lO,)r;o, if tJ•o propor 
dohydrcgcm'.so is present , r.ro ns fo1luws: -

CJO:: • cH~CI·:2COOH ----~ COCH • CH• CH •COOII .c. 2H 
3'\).ccinlc [~cid furrc•. ric c.cicl 

pJ.1cs ~-~1uc1yc<..;ric r.ldo~.ydc 

COOE · C:I2 • CEOl-I • COOH --- - - -·- -t CGC:I • CE~ CO • COl_,IJ .w. 2E 
mcliG c.cid ox~lrc~tic ['.Cid 

CH3 • CEOH •COOH ------~ CE3 • CO , COO:T .;. 2:: 
2. r. c t i c c c l d p=r rl. v ~ ~: ~ c i d 

COJI • (CH2COOII)z •COOH - - -~ CO . (CI-hCCOI:£) 2 -t2H tco2 
citri~ reid n -~~tc~tut~ric acid -

C:':O• (CEOH~ •CH on t H2o -----~ ,., ')QI~ (C ) ..: ~2 ~.. ~1.. - · I!OH 4. · CH2cE + 2H 
VlUC03•J rlucon· .., •d - " lC ... ,c l 
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and t~e ,~drocen set free, re~uces t~e ~ath~l ne l to tl~ lc co 
\colorless fo~ . If o~:yr:er. were ad;::i tted to thE> sy tun the met, yl.:-· E: 

'ulue ··:cu_. be re - oxidized e.s fast as it is formed . 

E. Oxifases. ':2ests fort _rse e--;.z"j71CS, in ccne""~L, i::.volve r".t!cr 
co··:::;:'...ic2.ted ~ono!~etric and spectro~•:1en:etric :·"'::-.snre"lents u.:. cr \•, rit) 1s 
conditions. ::o·;:evar , ccrto.::.n of the"i --~'rr:i.t r"t.1"'r s·mple t. st"' l.o 0c 
perfo!'!'!'!cd . 

1 . Inc.o _enoloxic1.~.s e: --ix a 0 . 2·) solutio of al:' a -n. p lthvl in 
alcohol v•i th-an equ .. l volw.:e of fr::Js'D.:- :-re1--ar0 :t · < solut.ior of 

• '\,.., 1 ' .., ·• • • J. T' ~ · i ·t r~ ·('o c"'ll"' ii,....._-~i 11 
dl.~·etL!y_ -p -p!:.c:-.y.!..Cn . el ::.r.r:r)':e 1:1 .' O.L.er. ~L.s r: : •. " 1. <\ ~· ,. u 

reagent (letters fro~l t:bc ·· cr(1s m.li'l!.V'vl !:l!1C1 e) . • irl ~ bc,ut s 
drons of t::e 11 nadi" rea ent to l ;r:l o/ '"t ion of l err, 
o.nd-embryos . !Tote the- til- ... f:JY' ccvu~.(·~· 'luc co or .. 
T:xamine sanples of :-he C[.. -s c .. 1c. c' l"IC " -~_eros ... , l ic" lly fro,. ti1•c to 
t~~c. Is t~erc an i~~ico~ion of a 1r~(~c : t (s~, v~ ld, 1044)? T·c 
reaction c2.talyzcd y the oJ·ijr[.;c lCJ."O is as follo::s : -

dinet~:yl-p-?l"enJlcndit:.lni~IC + :: - nr.p11tl -)}--) t:in~~t 1:·1 ind0p.W~'.C'•l bl u 

(CH3)2. T• (c6E4) · ··!:2 ~ (CJ. oH7) · 0~~ J, 02 --,.(C:I~);:~ · • (CGI· 4.) • 1· • 

(C6 L4) •N:(c10P0 ) :0•2}.) 

Some of the oxiclr,sls t:1clt co.tnlvzo t'1is ruc.~ction ~ro nlso Chl all ~f 
reducin0 cytoc'.lrO:'! o.~'.d :·.m r be tor110<~ c~rtoc: )ron' c)xich s s (: lso r lntud 
t 'f t 'd .. t• "1 · '·1 ·/D rb rn· 1 s ·A·'-,,. n~"sforr"··ntn) o, l. no l. Ctl lCc., , ''l~1 t U u .L. ... ·c• .. t..; • 

2 . Catalase : This is not strictly nn oxidase , but its action 
(liberating oxyc;e from hydroc;cn 1-crox~.clu) is ,clos0ly cc.,mwct .... d \'lith 
p'l::ysiologicc..l oxidr, t~on . f.cdd n1Jout l ::1 of 3:;_, hydror.;0 .. p0roxido to 
abcut 0 .5 ·~:1 of n 10/.J or r:re8.tcr, fr,)~en rlnd thm·J .... d , ·uspe~lsic-'!'1 of crr.r;s 
and of sperm in o. t, ;;. t tube. As ~- cuntrol us c boiled c r;cs nnd s pGr·n . 
Notr: t .. c forr.1ation of bu1)blcs iH' gt-.s . ~L'0'' t with n r.lovlin~ Sl.lint . 

3. P ·~ roxido.so: Tc; test for tllis . nzymc th .... c c t alc.s sJ-;.r,ulri first 
bo inactivated by trcntint; tho SU.Sl,0•1Siul1S Of ogr;s 01' Of Spt.;rJTI \'lith 
10/; formnlc~uhydo for 10 rt:i:~utG s and V"..,.:n vmsl1inr; in distillccl wntcr . 
Placo 3 ml of·c..:.. 1 tu 10% sus}!Cnsicn ,'lf th,..~ •.;csbod q:r:;s or spcr·11 in a 
test tuhG containing l ml of bcnzidin0 8~l~tion . (Add 1 drcr of 3~ 
hydrog0n peroxide . s:'hu dcvclop:r:cnt of c. hlne cDlor indicn tL s tho 
prose n c o of poro--idasc . •r:1c ronct ion c '-'ns J.s ts in tho vxidc ti (m of tho 
t)(:;nz idine ( 4 , 4 1 - d io.minc.b ipt-honyl) tG c. '!Uintmc ( 1J - c:u :l~ur-o eli - imido) • 
Docs nny color develop bofurc t~c ad0iti~n uf tho p'roxidc . 

4 . 'I'l;.usc ir1pc..rtan t [l.r:d iidcly d~.strlbutod C'J z~n;Ks r•.ro dctoctud 
pr inr.ipnlJ.~." by the nbsor~Jtj_un spuctro. r·~f solu.tiuns ')f tho substnnccs 
in r ~.Hluco d forn . Tl.'~.<.J rcduc~;d ...::ytcchr .. '~.:; c::.ro r,;ndily prcp::•r•'d by 
rc11wval of oxyfj~!". fror·· the;: syst,::·. cr b;; cldditi m of cyanidu, or of 
sc..dim1 hydrcsulf:Ltc (: ra 2s2 o4 ). f'or s:~cctrosc~,plc obs crv2ti· n in or,c;s 
nnd sp~rm , conc c:ntratcd suspcnsl·..:ns o.· ·l'i. [m intense light source 1:1ust 
be us ed .. Add :2 <'!ro · s of tho hyd:::·osuJ. 5t.i) ~<Jluti n tu t11"out 3 ml of a 
10% susp•Yn.sjon of ogc[.; or of s.i,(jrn: , nncl. ._;xnmi:lC' in thr st-uctros('opo . 
Cr_;TJ pf .. rc \'J j l-h. untrGntod shaken S'-.lS}'cnsi. n'> . The spoc:ific nbsurpt:lon 
bo.ndo ftJr reduced CJtocl"Jror.JCs n.ro as fu1luws; - G03 mill i l'1j er1-"10 f;);' 
the.£. l:Jund (of cytoc}~r0;11() u.) , 505 1',)::. ... tJ·o b b~·VH~ (sf cvtochru111C 1 1 , 
t: 50 f·~· r t:1o c br: nd ( c>f cytochrom .... c) C.i1cl. nl;( ,U t 520 for tl1c d han~ 
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(c'-'7 c::. to '"-1~ thr c c ·tuc~rc-r:os) . ·.'l~.ic 1 , if any , bc.1ds c.oos your 
rr.:::.t'"'rial e xhibit? C_!nparo with obsorvr.t:o:ls of Bo. 1 nnd ;·.:cy'rhof 
(_·'140) and 1\rc!L u. 1d C1 0\'•os (1939) .. 

r.: • ,"), r: 
... ·- .. L.. { ~'. <.: lG :'".>:' . 

Brr.c"lct , J ., 1J47 . I:mbr ro __ ._.ri ~ CitL! i(!'l'~, '['.Zs ). C .o . 

Cl:.ild , C. ~~ ., 19"4 . 1Lysic1 . :;,'u1 ., ]._~:139 . 

Krc:h1 , ·· • :: ., J~ndor.f , . J ., ~.n<l. CL..'··u· , G. H. ~- ·, 1 9-2 . J . G 'n . 
Ph:·sjJ;1 .,. 25:733 

l"rebs , E ., _947 . Fnz~Tl'1~1ogir. , 1 2 :88 . 

Jc.ndorf , '3 . J . n.nd ~;:-c.t.l , ; . E ., J. 9·11 . J . Gen • .t 'lysio1 ., 25L749 . 

Lindb(. r [ , 0 ., 1943 . Ark . f .. ·;( .ni ., J.G : /L .• 1 r.: 4 

Orstrom , ~ 

.n . ' nnd Lindbcrc , o., 1 04 0 . Enz~~ologin , 8 : 367 . 

I ' 

Ru nnstrcm, J ., 1930 . lrotop1e.snn , 10: 106 . 

hunnstr 8m , J . 1 935 . Blc.1 . Gull . , 68:327 . 



~ra··., of Stt:drr. t 

1c::>ort ~rJ ~~ t f'or ?a:-+: :1. (J,~ycror-~"nases) of Exprcisc on 
. r StJi ra to:-y :S:1z ~.':1s s of :'ar:..r~c Er-7s 

0ate perf0rrnrd 

C' .~ c c 1 ' ,.. o! ,, ..... • v·~ . 1 ,. ror.,.:. 
~:E_~-----:~: .:::..:.._~ .. ~-

'. 'a}[:I'OX . ;;.-(~ r· . : Y1 • tr "'\ f 0""' c,. ""O.., rr '1llC L .• 0 . ci' Y"(' t"''·lr ,..,C\ b lu~ 
l ~···- _\__:::_ •_·...:.-:_:J_-_ ..,, - .. ': . ~ . -· '-' J~ l. ·',J ''"' ,. 

1---:onc. n ·:· ithout · ; 
~ t1 ~' :· !=~ !"'L ·adced ' ·l'!l~·cero- · 

I ; ~ J ' 1 I 
• 'T1rr; ; t:-r·:~ !l~ 1 r:r~ "' e;rnt I ~PJ_::::;tr-o.~suc c::.nate . :::'·hO~ph'lte I n:llata. Lactate 

' . -------~·..,-:r:-;-_.- • - -· • I 
1 .J...:.. v .. n·~ ! 

sor· r!'l1 

unfcr 
vrrr;t.~ 

r r:r 
F.~ t;t €" !1 4l t 

I 
l 

I 
I 
I 

I 

_ _,_~ial.t_zr d . . i l ;v-tn~---- ·----- .. ----~ I 
J , --•·c . ' ---- ' 

1 ro?cn 

frozen 

di::.l:yz('d __ ___.__ __ I 

l i v:: rw 

rozcn . 
; I 

--.---- I' 1~ n 1~·7 rrl I rf:::.n . -~ (~ · ..~-....:...:~--:-- --------

F:~rbryo n ., ... 
.;....~ lt 

l.i..vinc , ! 
frozr·n 

l11 '> 1 'TZ (• (: 

,------

-r-- - - I 

I 

l 
I i ; 

Ci+Tate r!lucose 

hra. __ _ .._,;____"· · .. , .J '" _., _....___ ___ • _ _______ _ 

----------~ - ----- --·--- -·----------
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