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CHAPTER 1.- INT RODUC TI ON. 

UuJFCT or \YuH r\. 

Tnxr gTU\Ith during the foebl perim1 due ~ uut Lliftc•t· L[U<diLdiYel~· 
hom that ~ ubs t•rtueu.i to birth i~ the Yie\1 genP rall.\ accepted. lt i~ 
maitli<~tn E' <l that, in ,;pite of ib gre;d]y Y<ll'_\·ing Ta te~ ;nt~l it~ L"iwuge 
of <liredior1 fn>lll progi·e~:iivt· durill g thr; deYelupnwntnl l'eriod to 
nJgreNsin~ eluring· :iL' I IC~r·c· Jll' P. grmd li i ;; OJI(' con i i lll!O ll' prul't' ''' 
t>ta.rti ng· 11illi fe•rtiliz:ltion of tilt• U\' 11111 <1 11<1 c·t·;~ .-;ing· ,,·itlr rlr:lilr ol 
t he indi,idu;il. TJw (H'O)-!'I'Po;Sil'l' p:1rt of t h e t·_, ·de i., .. diYickd by 
the illf·i•lt ·r rt of birth into p1· e- nnd puslwol:ll JH•riocl' .. U re\. 11J::ll). 
\Vlu~ 11 it i::; eon,.,i<1Pn ·cl ho11 l'L'<!Llily the· lutl<·r ]le'l iod il'nfL itself 
t o irtl·e.;l ig·;~tion. it i., not surpri~iug to find that 111111'h \\·ork has 
bce11 c·:nTi.Pd oul .in ll1i-; co r1uedion. H eft•n·J u· l' I" lhotly !'I (If ( 1D:2li) 
or to Hal lllllllllll ( \~):L' ) 11·i l\ gin• :Ill idea ol' (\ip e:dent "' ll1c' <I Y:lilnble 
literature . 

In clil'(:ct t·c>nl:r:J.-;t. to t I tis ,,·e:dtJJ of rn ate1inl is t he· paUL·it.\· of 
infonnntion reg:acling· t lH• pren;~ta l pha.;t• of tlt>Yt•lopnwut. \ \'hat 
kr:o\\·kdgP doe,; Pxisi 11:1...; hel'll .g·ainl'cl iu snulie' llllbtl_,. on small 
laborator.1· animal' . ~ uc:h :<::;till' r<d (~t ohPnlJL·rg·, liJ].-, ) . lltP JllllUSP 
( Jiaf'J)mu•ll et ill. I !J:!i) , :mel 1 he guine:1-pig (l)Lqwr, 1020). In 
gerH•J·:d tile n·~nlt' uf il 1is \\'ln·k l!;J YP confirrnt•<l ti!P thes is ol· 
t'OntinHity of the g-rclld h C1ln·e . lloii<'H'l'. \L• r· \) o,n-•11 <lllcl hi, 
:JSSOL"i:d:ec; lit>li<-'11' that on ;Jt·count of ljtralilaliYc· ,Jifl<-n•ne· c•s iu growt.lr 
r lurin~· til<' c•arlie::;t .;Llg-P,;. :tge lor tht• purpo'<e or gTmdh 
curn'.s slwulcl h· t':llc·ubtc•c1 ll'lllll t!Jc• limP ol inr ·m;tlitlll 11l tlw 

eJJiill·.,-n proprr " . 

.Fur m:Jll :IJ!d till' tlOJ li<''li.c· JJJ<tllllll;J\,..; then· i,..; a l:!L"k nl t•x1t·nsiYt' 
:1nd l'l·li:ll :lc· d:il:t. ' \' h;il ,;nc·h ,,.01·k on the human lwiJJ )-!' J>n•seJJi,; 
\\'ell nig·h ill ' \li'i:•<lHIJI:~Llc• c!!i+i1· ul: ic•-, I' oJ•I\ i< JII l t' :Jclil.\· llllelt•J ·,;i nod. 
A bric·f indic~dion of the c·oJllj)lexil,v of the prol,lelll j, gi;-t•n b~· 
)f;tll (19111 ). :\ot hc•ing ho11ntl h~· the· . ..;amP Pihi1·:tl Lm,; a,; hi,; 
meclic:al colleagul', the~ \\·orl\er in thP Yeterinnn· field C'Jil'flll l lt<·rc; bnl 
one llla.ior ol1sLtcle- llw hrakc• of eco nomi f' conRicleratious. To 
PXp<md 011 the ,;e~riou,..;Jles~ of this problem \\·ould lilE'll'l\- lw b1 ,onring· 
the poiut. 'l'hPrPforc•. it is appare11t t hat all.\' "·ork ,,-],i,.h :1ims at 
making <1\ · :~ilahlc· adtlitional m:ttcrial arhanc·Ps grenih· tlrP f:u·ilitip;; 
for th() iH\Pstig;dion "f pr ·en:Jt:tl grmdh. 

~r · :ltl.Pt'Pil tl!roug hout tht• YeiPrin:'il'\ ' liil'r:dlil<' ar·c· i.>o1:t1Pcl 
references l,o ,, ·e ig·hl~ nnd rlinw n sion ~ of Klll:tll Jlllnilwl's ,f fol'i.nsc·~ 
nf kno\I'Jl Ill' as,;um ed ugE' .'. Du<• io t ilL' din•rsih· of <·uJHlilion' Jlllll PJ' 
,,- hic·h the• obsn,·ntioll S ,,·r·re rn::>.<le :t JH1 till' nl rn o~1 genc·ral hr·k of 
accnr:de rleflniiion of p1·or·0th! Jt', th0se fig·11l' PN t·<mn<d·. h• cmplo\' l'd 
111 l.h0 compibtion of onco r·omprcbe nsiYe lablr•. 

In t hi,..; fielcl most \Yo1·kers h ave :1\·oic\C'Ll ronnnitiiug ihelnsehe , 
a .~ to t h e ag·e of thei r material. Irl\·ari:1hl,Y thco,· h :11·p rf'liE'd upor : 
eithPr length or \Yeigh( ns an inc1i ca1ion ol ag·e-SE'C] ll enee. 
ConsirlE'r:ttion nf hrPccl nnr1 inrliYirh wl Yarial1ilih" will shon- that 
sueh critPria are apt to g i\·e mi ~ l ea rling Tesults. ' Especially \Y Oulcl 
this l1 e tlr e case \\"hPrP the m aterial i s ohtainerl from su r·]J :111 
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uncontrolled source as a public abattoir. A further disadvantage 
of this procedure, exposed by Lowrey (1911), is that in the absence 
of data regarding age, absolute gTowth-rates cannot be given. The 
worker has to content himself with expressing growth of systems 
and organs r elative to body weight. 

'l'he existence of adequate ageing standards would make twailable 
for studies on prenatal g-rowth the abundance of material always 
obtainable at large abattoirs. As a result of the 'vork to be reported 
in t his paper, there is now available at Onderstepoort a complete 
series of acc urately uged ovine foetuses. By direct comparison with 
this sta nd n nl u nkno,,·n foetuses are aged with a fair degree of 
accuracy. 

The Ye1·y nature of this standard, excellent us it is, militates 
against t he extension of its sphere of usefulness beyond local limits. 
The primary object of t his paper is to place this standard ut the 
disposal of ,,·orkers farther afield. It is h oped thut this aim will 
be achieved by the publication of a part ly descriptive and partly 
statisticul study of tho<:;e featm es of t h e collection which appear to 
be of im portance in age determination. 

As t he rleYelopment of the foetus is intimately <:onnected with 
changes in th e maternal genit·alia, organs of lactation and endocrine 
glands, all th ese aspects of t he r eproductive process have re<:eived 
attention au c1 will be consitl erecl in this paper. In some instances, 
it is felt, the numbers of obsel"Vatious are too limited to allow of 
definite co nclusions. Nevertheless, t he figures are giYen in the hope 
that, \Vith appropriate additions by other investigators , eventually 
a large muss of data will he uccumula ted. 

In connection with the literature it must be pointed out th at 
every effort has been made to nvoid what may be termed " second­
hand " quotations. I-Io"·ever , where i t has been impossible to obtain 
the original article in this country, it is felt that r ecourse to such 
quotation is preferable to losing ent irely u useful r eference . 

ACli:KOWLF.DG~1ENTS. 

It is with great pleasure t lwt I acknowledge m y indebtedness 
to t hose friends and colleagues who have assistPcl materiall y in th e 
complet ion of this work. 

The :btcilities for undertaking t l1is study were provided by 
Dr. P. J. du Toit, Director of Veterinary Services, arHl Dr. C. 
Jackson, Professor of Anutomy. To the latter I am particularly 
indehted on account of his continued in terest and his willingness 
at all times to assist with sound advice . Moreover, in the final 
preparation of t his paper I was able to draw heavily upon 
his masterly knO\dedge of litPrary presentation. 

Both to Dr. Quinlan , Sub-Director of Veterinary Services, and to 
l1is usRistant, at Ermdo ~Jr. van Aswegen, B.V.Sc. , I am grateful 
for their assistance, especially :in having the ewes tested and served. 
The fig-ures for the specific gravit i es of the foetal fluids were kindly 
supplied by Dr. J . G. Louw, Bioch emist. But for the advice and 
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o·uidance of Dr. Lam·ence, Statistician, I would have experienced 
~uch diffic·ulty in arriYing at an accurate interpretation of the vast 
amount of data collected. 

)I,. i.hauk;; •n·e due to .lles~rs. C. G. vv' alker and '1'. Meyer for 
the efficient manner in which they haYe dealt with the figures and 
plates, and to Mr. :E'. D. Harwell, technical assistant in the Section 
of Anatom:'-·, for his Ya luahle sen-ires throughout the course of the 
work. 

Finally, it is a pleasure to record m:-; appreciation of the 
assistance rendered by my wife, not only tln·ough her deep interest, 
at all times an inspiration, but also in typing the entire manuscript 
and assisting with th e graphs and ta hles. 

CHAPTER 2.- REVIEW OF LITERATURE. 

A search of the literature has emphasio;ed the m eagrenes::; of 
authoritative knowledge of prenatal g-rowth of domesticated mammals. 
Much oi the available kno\Yleclge is contained in works of which 
foetal deYelopment was not the primary consideration. In such cases 
the information, beiug merely incidental , reeeiYed but ,;umt atten­
tion. This literature is, to some extent, supplemented uy studies on 
small laboratory mammals, in which the general principles of growth 
are apparently similar to those in larger mammals. 

For the sake of clarity th e literature will be treated under head­
ings corresponding with those to be employed in ihP consideration of 
the experimentd data . 

(a) UB!\ITAL 'l'HACT AND PLACENTA. 

l. V a ginn. 

Auatomists differ as to the nomendature of that p01·tion of the 
female genital tract situated posteriorly to the cervix. The English 
school refers to the portion between the cervix and the external 
urethral opening as the Yagina. Every thing posterior to this is called 
the vulva. In German works this latter part is further divided into 
the vestibulum vaginae, which constitutes the major portion, while 
the term vulva is restricted to the external opening of the urogenital 
sinus. In this work the German teaching will be followed, except 
for the fact that vestibulum and vagina " ·ill be taken together and 
will be referred to as " vagina ". 

Sisson (1927) found that the vagina of the sheep has a length of 
between 10 · 5 and 11 em. H e states that the labiae of the vulva are 
thick and firm and that the ventral commissure is prominent. 

From a consideration of the anatomical situation of the vagina 
it would appear that, after having served as a portal of entry for 
the sperm, this structun' rloes not again participate in the r <'produc­
tive process until the approach of parturition, when it dilates to 
allow of birth. On account o£ its relative unimportance this organ 
does not recein' attention in embryological texts . However, it seems 
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obvious that Juring the period of pregnam:y certain chaugt•s m ust 
occur and thal t lw purport of th ese must be to render tl1e vagina 
a larger ant1 more easily distensibl e organ. 

lt has long been noted that with the ap.~:noad1 of term then~ 
i.· au eulargemeut and a 1·ela:xat ion of the vuha. Craig (1812) and 
·williams (1911) refer to the soft and tlabby nature of th is org:m 
prior to purtmition. H ammond (1927) states that · · j u:;t prior to 
parturition the Yuh a cUld the vagina beeome reel a nd swollen. ' ' While 
studyiug parturition in the mare, Hoh grube1· (1925) obsen ·ed t hat 
the~e changes are Tecognisable as long as three week;; prior to tbe 
birth of the foal. 

Hammond (HJ21) find · that the vaginal p1·egnancy ehauges 
resemble closely those of the oestral cycle . 'l'hey are mostly of a 
microscopic nature. J.n the a nterior half of the vagina th e changes 
3l'e similar to those of the adjaeent portion of the cervix. I n t his 
portion o.f tht! vagina is fo un d n fair amount of stieky mucouo; 
material. Opperman (1922) states that during pregru1Jtcy the Yaginal 
wall haR a dr~· and sticky feel. 

2. Cerv/.1· . 

ln the rumin;lul the cenix is an extn·mel.Y well-d('veloped strue­
ture, with '"alls t·hat a1e thick. dense aud inelastic (Ellenb erger & 
Baum, 1921). The eerY ix of the sht:•<:>p ha~; a length of about 4 em. and 
its lumen is prndically oblit<:>ra ted by reciprocal prominences }l!lrl 

depression. of the mucous membl'ane (Sisson, 19~7) . 'J.'rautmam1 
(UJll ) a lso indicates t hnt i n ihis speeies the uterine seal is well­
developed. The preseuee of such a seal during pregnancy is men­
tioned by mally authors. For th e co1r, ·williams (1917) gives detail,; 
of the cranio-cauc1 al deYelopment o£ the mucous plug . "\V oodmau an <1 
Hammond (1925) sho11· ho\1· in t he bovine the actu al quantity of 
mucous material in crea..;es stea<1ily throughout pregnaney. There en n 
be no clou bt t hat this accumulation of mucus e:ffectiYely closes the 
uterine ca ual cluring the major pnrt of t h e ge~tation pel'iod . 

In dealing with the physiology of parturition Craig (1912) statefl 
that there is a softening and a loosening o£ the cervical walls " a 
few days pl'ior to parturition." 7.eiger (1908) shows that there is also 
an enlargement of the cervical can al towards t he end of pregnancy. 
In the bovine he finds that by the e11d of th e seven th month the canal 
is sufficiently open to allow of the introduction of one finger. 
Hammond (1927) is of opinion that, apart from sealing- o:ff the uterus, 
the steady accumulation of mucus in i.he cervix assists in the dilation 
of this structu re . 

3. Uteriue Body and H orns . 

'l' he uterus of t he sheep is bicornuate. A ccording to Sisson (1927) 
each hom has a length of from 10 to 12 em. As a r esult of the 
gradual tapering of the anterior extremities of the cornua there 
is no definitelv di~cernihle ex ternal landmark indicative of the exact 
point of junction of the hom 11·itb t he Fallopian tube. Posteriorly 
the two horns unit<-• to form the body . The arrangement of the peri­
tonea l coYering· m<lkes th iH 11Jl<1iYided port ion appea r lonp:e1· than it 
iR. The approximnte lPn;rth of the hod:v is 2 em. 
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Roux (1936) gives the weight of the uterus of the non-gravid 
Merino sheep as varying between 15 · 5 and 77 · 5 gm. He deals with 
eight groups of sheep, some of which, having been fed on low level 
rations, were in very poor condition. In these latter sheep the 
extremely low uterine weights were encountered . Although he does 
not find it possible to demonstrate a definite conelation between the 
weight of the ewe and the weight of its uterus, Houx nevertheless 
concludes that nutrition does exert an influence on uterine develop­
ment. lt is not possible to determine to what extent previous preg­
nancies might have affected the figures given by him. 

Favilli (1928) gives the weight of the ovine uterus as varying 
between 40 gm. in virgin ewes, and 66 gm. in previously pregnant 
sheep. Hi& observations, having been made in the slaughter-house, 
are not likely to represent poor conditioned sheep. This lnight explain 
the absence of figures as low as those mentioned by lloux. Favilli 
gives the weight of the uterus at term as 1,010 gm. This figure 
appears Romewhat high and in a later publication (Favilli, 1929), 
it is stated that such a figure i,; obtained in cases of twin pregnancies. 
·with a single foetus the figure is about GOO gm. Favilli (1928) quotes 
figures to show that similar increases in uterine weig-ht occur in the 
bovine. Malan and Curson (19:17) present figures for the \Hig·ht of the 
empty uterus at the end of each month of pregnancy. These show 
that there is a steady increase in the weight of the organ from about 
GO gm. up to about 700 gm . 

Horik (1907) shows that in the bovine there is a definite increase 
in the weight of the uterus duriug pregnancy. During the first hal£ 
of pregnancy this increase is most marked. vVhat few figures are 
given by Hilty (1908) seem to support this view. Hammond (1927) 
obtains his figures from heifers pregnant for the first time, thus 
eliminating the effects of previous gestations. These figures show 
that by the end of the period the non-gravid weight of the uterus has 
increased almost twentyfold . 

.Fig-ures for the pig (Stegmann, 1923) show that by the end of 
the thirteenth week of pregnancy the non-gravid weight of the uterus 
has been doubled. 

Draper ( 19~0) g-ives a complete series of weights for the guinea­
pig uterus throughout pregnancy. These figures indicate that the 
growth curve of the uterus is of chuble parabolic nature, i.e. first 
slow, then increasing rapidly and later slowing down again. 'fhis 
type of curve had already been suggested by the figures quoted above 
for the bovine and the sheep. 

In all these cases it is the weight of the empty uterus that has 
been considered. This figure is the sum of the weig-hts of the uterine 
wall and of the placenta. As will be seen later, the placenta under­
goes a great deal of growth during pregnancy and it exhibits its 
own type of curve. It is evident, therefore, that the weight of the 
empty uterus is influenced greatly by the inclusion of the placenta. 
In the ruminant it is an easy matter to separate the placenta from the 
uterine wall and thus obtain the weig-ht of the latter alone . However, 
no such figures appear to be available. 
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At> m ig ht b(' exp<>< · t~· d. tiH, i tt <· n •a :i<' iii 11 eighi ol i he u it· ru s i :-; 
:t c:eump:t ni C' ti 1>.\" :t il i t tt· r e :t ~t· itt s ize . F or t he s hl' l'Jl l .': tYi lli ( UJ'!~) 
show~ t lt a t LlH' ::t n•a of t lu • ui.L' l'\ 1 ~ i11c re::t :' t~S lro m ll'SS t h :u t 11 1(1 ~<[ .<·Ill . 
in Li1e ll<> lt-g n t l·id ~ Li lt-> to :tlmu;-;1 1 ,()1)( 1 sq . <·ttl. ai th e e ncl ut g estatiull . 
H t• al so d l' mousir:tt<·< ( UJ'!~J ) t lt::tt t h t-'J <' i s :1 sl.e:Hl.v tbi ly in t-rt-'aSt' 
of th e Yu l. u nte of i he u ter us . S tegm<t nu ( l~J'!J ) s b.o11·:; tlutl i tt i he pig 
lhl' le ng ilt of l lw ul t•r i tt P hn rn ht-' t' <Jlll PS i l11 ·!'e:tse t1 duri.ll t:' pref!' IJ<ll lt'Y. 

1':11· ill i (]!J2K) nwi ttbin s that tltt• itii ·J< '<he in :-;izl' of tl~t• u ler u;-; 
is l>rou_g·h i· :tl: ou( n o! onh l t\ ' :1 nt ttll ipl ic:tlioJt oJ Jlllt, t·l t· fi hH•.<. hut 
hy t il t· t· ttbJg·<·tlH' tt t u l' t-> \.i ;-; l ing- hhn · ~ . Jl c· g in·s ttl<':t.<m·t ·me n t:-; iu 
,;upport o f tlti-; YtP\1' . l l :tmmuud ( 19:.?1 ) :d :io ltH· ttt io tJ.' t his p oint 
:tn t! it ld it·<il t•s t h:tt d urin g Jll 'l'g'll:i ll<·\· l li t· u lc r in t• lttU :id c• :1 ppea1s 
s p:t l'.-il' J_y .ll 11cit':l h•d- :IJI tn tli l':ti ion o\' t il e l' llOI'lll tJ llS tni'J' t ' : l.~t · in l b t• 
c,q >lu pl:ts nJ oi t h l' t·t·ll , . 

F :tYi lli (lq:.?<J I ,Jt·n ll':i :t!it•tti in n l< > i.lt t• dt•n P: t.-;t• oJ l hl' th i, ·knt·~ ' 
o f t it <' ulC'I' iiH' 11·a ll titLrin o· prt·o·n:tttt·Y. F ron t t he Lll't lh:t t tb.t• 
g r l'a tc•st rcdut·lio n <H ·<·ur,; l':~irl y ~~trl._, . ;luri ttg ge.-,i:tlion It t• t·u JII ·Iudp:-­
t lw l Jl <I N:i iY<' .<lt'l'l<- h ing· i-; 110l l it<• sol e t ·~ t u sc ol lite lili tt n i ttg· . 1f t., 
.-;l:tlt·.-; l lt :tl, clu t· to t ht· Pl'l-'11 d i:-d ri hul i< •tt of pre,;.-;u J·p in ilt t• li quit1 
•·onl e11l :; ol' t h t· utt· ru s, t lt t-> l ltiu tt il tg· is :-- prl'acl t.· n~ J t! _, . t ltm u1-.dto tti 
l il t· 1Ji c•ri n t.· 11·ull . I n l itl.' g·•>:tl the ttOtt-g r:t \'it1 tltit· l;t tt.'.-'S t>l. () llttt l. 
j , l'<' lhl('('<l h , 1 ·:) tll lll. t:P:t!' l l'l'il l t?c> i·~· 0r . 1')(1/"\ i . Tlti,.; :ttlth<>!" tll:tin­
La itt.-i t·lw L t he t·etl ud i o ll i.-; g n ·:tl t·r itt ' t lw preg nant lt urtt .. " ·ltt·Je thl.' 
Jn<•.-;-; urc i.-; l:ig· he r. " ] lilt_,. ( 1911,'-\) d et ttnn stra tt•., simi Ltr l't ·tlu d ion s i11 
ill<> l' :tse o f lit e ho1ill l' . 

F u l'll lf• t· ittform atio n JE'gardi ng- l ilt' died.-; of p n·g·tt:1J t<·.\· uptlll 
ilw ut e ru s IIW_I· IH ' obl:ti ll ('(l from c·ontp:\1 i:-;nns ht>t 1\'t'l' IJ 1·i rg·i n ancl 
in Yul u ted ul t.•r i. For lht• :; hPt> p 1\ c•hJI E' (J!J:!!J) find;; t lw l ihe pfl'pd 
Or [l i'C'.! .. nt :lll l'\ '" i .~ (o illl']'(':I SI' t' nOi lll lJll-;i_l· t il l' JJ lood <lil t) J.nll p iJ \'t'S6('J.-;. 
X ot r11th· is t lt t•n• :til iu <· I'P:t .'iE' i11 .'i ;:e . b1tt :tbt , itt 11!111111l'r. 'l'lll' 
t.·bs li<· ,:o:tis ol t her e u ·,;w].-; a n · !.!. ;., .:dh l hi('kened . Fo r !Itt• g-oal 
_, int il:t r l't•,.; u l ts a r t• l't' porit·d IJy H:; ,.kl'st ·iun idt (l!J'!II1 . 'l'hl' clt:tug·p:, 
i tt l hl' .~ IIUI' tl i l't' of tiH• ho1in <' ll lP I'll :i, o i1Se 1·\'t'd h 1· l\.1:tf l ( JU:!:\). 
n •w n1hlP rlo,;e ly iho-;p u-£ lh P ,;lt e<' JI (l3t•itJ1t' ). J\ J:t r't fintls lh:1l ilw 
mi t· I'O~ <· opi l' p ir·h trt' of 1h l' i tt\'l>lni.t•<l ni-l' t lls is :;o t,q >il' :t! :ts to :lllo\\' 
oJ' i tll lll ('di:tlt· di:t g·nos i-; ol" :1 Jl! t'Yi otl:i jl l' l'g ll:l tll '.l' . ~ll n lll lP I ' ( JDl :!) , 
:tl-;o d t'.t l it tg· 11· il lt lh<· l:lJ\·i ttt•, lt t:>. l;t•.-; t ltt> .-;(;tlr>ll i<' Jl t l h:li :tllt·t · 
prC'g·na tH·y lh<> td t·ru ,; ne 1·t' l' n·~·ai n ~ i!-; Yirgi n ~l:dl:' . Tht· 11·eig-hi 
ol' 1 he ttlt •ru .' h t·< ·otl :('·; pt•l 'lll <tll< ' tti h· i n<·t ·Pn.-:t.• <l in tlH• :tpp t·n:-; inl :tl (· r;t( in 
of :.? : l. .I I <> m n in1:tin ~ i· ltat :IS a l'P:< t!l t of pl·t•,-ious pn ·g·na ttcl· tltt· r·p 
llW Y lw :tn invq u:tli i_,. i n t he• .:; i ze of t IH· h 1·o ut('ri. tll ' lt< ll ' tl ~ . J 11 thp 
pi g- S i t•g- tnattn ("I!J2:l) g·jyp~ tb P 11·e ig h l r nt in h<'1 11·P<' II 1·i.rg·in and 
inYol u lt• d ult•ri :1 ~ l . :.?. H il' hi l'l' (l !):\(i ) :tgT•'E'C< l lt a i l it is i' ~o 
\Y ilC' lt a n ·rag-t' fig· un':-, nl' t' r·on s idere<l, hut hl' m:t iJII:t it t ~ l lt:1 t in i ncli vi­
chwl <·::tst· s ilu•t·e j,; mu ch o1·e1lap p i nQ' . H e fi nds t lt nt a cl r fi n ilc 
di::tg-no~ i s oE p reviou c; preg n:tnn · t· :t ll h t· m a cl e fro nt tlw Pll Ollll <HIS 
thi <·ke n ing- of ih P pf(l s i,l f'a i ntPr /1 11 of ih t• m nt·n~:tl a rl t' ri Ps . f rolll ihP 
lodnou ~ r·ou t'SE' of t lH' u tE' ri n P Jam i of t h P micl<lle u t eri ne :ntE'r y :1ncl 
ft-m n th e t h it·lwn ed , hn n .-;lu l' l'n i ::t ppear:tn ce of i h e l iumnenta· lain . 

A f u rth t•J· imp01·t a nt u t C'rin p c·h a u g <> nssoPiated ''"it h prC'gn ::tn ry 
i · ilt e in crea sE' in t h e h loocl su pply . Th e inne:1se i n H1 e va~<>n l:n 
hed of t lw utp J·nH has a ln· a cl~- Jee n tncnli o ne cl . H:nnofi nnd R oth sch i ld 
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(1932) have determined the actual amounts of blood presen t in the 
rabbit uterus at differen t stages of gestation. In the resting state 
the organ contains a bout 2 e.~.;m. of blood. :From the fifth clay the 
uterus sho11·s :111 increased Yascularity an cl by mid-term the content 
has r eache<l 10 c.cm. From now onwanls the embryos begin to grow 
rapidly and the blood content of the u terus incr eases at a similar 
rate until the ma-'.imum of 0U c.cm. is r eached at the 27th day. Just 
prior to parturi tion ther e is a rapid diminut ion in the blood con tent 
of the u terut> . That this in crease in Yascular content is not Jue 
to simple stagnation of blood is shown by Barcroft, H erkel and Hill 
(1933). 'l'hey prove that there is a corresponding increase in blood­
±l.o~v to the uterus and that this process anticipates foeta l growth . 
The increase in size and pulsation ·of t he mid<1le u terin e artery , 
mentioned by Williams (1921), is well known as a m eans of diagnosing 
pregnancy in the CO\Y. Hammond (1927) also men tions these points, 
although hi;o; observation 'n1s limited to one cow 11-ell aclvanced in 
pregn ancy . 

li'rom the a bove it is evident that during pregnancy the weight 
of t he uterus is greatly increased due to the p resence of m or e muscular 
tissue, enlarged anrt multiplied vascular ti:;sue and inn-eased blood­
content. In addition it is seen that in part th ese changes pert>ist 
after parturition, and t hnt any r est ing u terus can on morphological 
grounds be assigned to one of two groups-Yirgin or inYoluted. I 11 

comparing uteri the existence of these t"·o classes must be borne in 
mind. E specially in th e non -gravid and early pregnant stages will 
the differences be of importance. Later in pregnaney these d ass 
differences will tend to be obscured by the ch anges induced by the 
existing pregnancy. 

Some workers h ave consider ed the weig-ht of the gravid ute1·us. 
'l'his is of interest in that it gives the weigh t of the ent ire foetal 
system. Kno,d edge of the gro,Tth in weig-ht of t his system is useful 
in the study of growth or fattening of pregnant animals-it allows 
of a correction being mad e for foetal material. In the bovin e Bartlett 
(192Gb) has studied this matter from a different angl e and has con­
structed a table g iving t he weight of th e cow at Paeh stag-e of 
pregnancy relative to her farro\\· weight. 

For th e sh eep Ourson and Malan (193G) tabulate th e " ·eig·ht of the 
gravid uterus from 3 to 149 days. 'l.'he increase is from 163 gm. to 
3,700 gm. It must be pointed out that the high value at 3 days is 
due to the authors having included under " g-ravid uterus '' the 
vaginn , vulva, tubes, ligaments and ovaries . In a fu rther stud~· 
(Malan and Ourson , 1937) the 'night at ;W day s is found to be approxi ­
mately 130 g-m., while t h e "·eight near term is g iven as 5,320 and 
6,058 gm. The authors express th e " ·eight of the gravid uterus as a 
per centage of the n ett body weight (i. e. total body weig·h t of ewe 
less the weight of the gravid uterus) of the ewe, and then th ese values 
are plotted against g-estation age. The result is a parnbolic r·unrr 
for which a fairly simple formula i s giwn. 

Bergmann's (1922) figur es indicate tha t in the bovine the wt>ight 
of th e gravifl u teru s increases fift:v-fold between the f'econd and 
th e tenth months. The increase is more rapid in th e later months . 
hence the data would fit a curve similar to that g-ivPn for the sh eep . 
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Bergmann makes the statement that hum the " ·eight of the gravid 
uterus, foetal age may be determined with as much accuracy as 
from the weight or the length of the foetus itself. According to 
Hammond 's (1927) figures for the bovine the increase of the gravid 
uterus hom the beginning of pregnancy till the approach of partu­
rition is one hundred-fold. 

Brodermann (1921), dealing with th e sow, maintains that the 
weight of the gravid uterus is Yery variable. Conti·ibuting causes to 
this variability are previous pregnancies, the number of foetuses 
and the amo un t of fluid present. 

For the g uinea-pig D1·aper (1920) presents figures ,..,.IJ.ich indicate 
that the position here is approximately simila r to that already 
c1 escribed for the sheep. 

4. P lacemta. 

'fhe sheep has a cotyledonary placenta- semijJlacenta m uZtipZex­
(Zeitschmann, 1920). 'L'he cotyledons are made up of two parts, 
materna 1 and foetal. In the sheep the maternal eoty led on is concave 
n nd en doses the foetal component. In the non-gravid uterus the 
r·otyledons are exceedingly small and c-an be recognised merely as 
small circ ular elevations on the surface of th e uterine mucosa. During 
oe:;trum they appear to be somewhat more prominent. Ellenberger 
and Baum (1921) state the total number of cotyledons in the sheep to 
he between 88 and 96, arranged in Pach horn in four l011 gitudinal 
rows. 

By Assheton (1905) the diameter of the ovine co tyledon at 6U 
days' pregnancy is given as about 2 em ., while at full term the 
figure lies between 2·5 and 3 em. Katural-size illustrations of the 
sheep' s cotyledon at mid-term given by Zeitsc hmann (1923) indicatt> 
that at this stage the diameter lies between 2 and a Gl1l. lt is eYident 
that t he small cotyledon of the non-gravid uterus must undergo 
enormous gTo,dh during pregnancy. These few figures suggest that 
the major pOl'tion of this growth occms during the fi rst half of 
gestation. In the bovine the growth of the placenta ha s reeeived 
some attention. :Rorik (1907) records the weight of the placenta at 
7 weekR as 12 gm. and at 26 wee ks as 5,200 gm. From his figure,: 
there does not seem to be any further increase after this stage. 
He showR how the ratio of foetal to placenta l weight wid ens with 
the adYan ce of gestation. The area of the placental surface increases 
from 0 · 04 sq. m etres at 7 weeks to 45 · 25 sq. m etr es at :n weeks. 
Hilt.\' (1908) traces the increase in si ;1,e of the largest cotyledon . 
'l'he diameter increases from 0 · 6 em. in the virgin uterus to 7 · 8 
em. at the 26th week, after which th e increase, if any, is only very 
slight. Similar results are reported for th& increa se m he1g·ht of 
the cotyledon and in the length o£ i.tR peduncle. 

The irlea of rapi d enlargement of the placenta during the first 
part of pregnancy, followed by a period of little or no change, is 
supported by the figures for the rabbit given by J_,ochhead and 
Cramer (1908). Here placental weight is sho"·n to increase rapidly 
up to the 22nd day, after which it remains stationary apart from 
a sligh t decrease at the approach of term. For the g·ninea-pig Draper 
(] 920) supplies some data. Unfortunately foetal membranes and 
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placenta are grouped togethel', h ence tb e u lle of t he figure:; here is 
open to criti cism . J\ eyertheless , Draper· , g r aph s hows a pe1:iod 
of rapid incr ease follmYe<l by a rwriod of little deYelopmen t . 

In th e boYiue t h e Hllll1Uer of hmctiou al cotyledou :; has been COll­

~.iderell. l{mik (HJOI ) r eports " ·ide vt~riatious iu t h e total number 
of cotyleclons- 70 to 120. He ~h o11·~ that the Hnmher i11 the h orll 
bearing t h e foetus i s al11·ays in ('sees~ of t hat i11 the other horn . 
sometimes b~r a:-; much as 160 p 0 1· cen t. He e1J rou n te1el1 rt ccessm·;.· 
coty lerlons in one-thinl of his ca,;es. 'l'IHo lHesence of t hes<' \Y US JJO t 

nece.-.;,uih <I S~ociated with a <lim in i~heJ JJ nmber of true co!declons . 
Bergmnm~ (J !122) a lso reports ;t prepondenm(;e of function<t i cot_y le­
don.- in the g- l' ;n·icl hon1. By t·otlniiug tht· lt ntnl)(' I'S of cot_de<loJwry 
a ttachments h r <·n nclu<les t hat i11 t h.e grnYid l1om ·ll<l more :d( arltments 
occur after t he s<>con <l montb , 11·h cn·eas iu l11e no11-gTaYid born t h ese 
coulinur to b e formed until t h P end of th e third lllonth. 

The murle of a itar·hoH•nt of f oebl ( n m atent<il cotdedous l1<1 S 
been shulierl hy Asshetm1 \190.->). Jn the s lteep t h e !hst ·atbck n po11 
th e m<lter.nal utrriu r lllUl'osa o(·t·u rs bdi\'PP II t he 11t h a nd UHh cby,.; 
JIOstcodllm. ~u (hi,; st:igP the attachment;, m osi fra il, th e Jlll'mbnt n e~ 
being held iu p o:;ition nwin l)· lr\ t hP Jll ' l 'tl::itlle of tlw foetal :f:iuid . . 
At ahout t h e :l(Jth clny Yilli app eaJ· Oll tlw d10riou ir: s u rfa re, r esulting 
in a closer atbchmPnt. At the Uth rbY tl1e fneta l c:oh-Jerlons are 
visible and h aY<' co11Yex flpp :> lu·hrc 11·h.idJ fit into t h e . cotiCaYities 
of the matenl <ll cot:dL·dons . ~\,;sheton si.atP~ (h al by th!:' 78th thy 
the g rneral dw.r;!der of the full .\· fo r m ed pl::trt>11 b is apparent m1d 
t hat from Hlis time t he only d J<l ll g"e i;; a slight iucrcasr in size . 
He a l so m ention s t h e lll'<'SE'lJ re of larp:P r rdrli sh-hl nrk coagula in tl1e 
centres of the full ~· formed rot~rl edontl . 

G. Fallopian T11ues. 

In t h e ;;lH•rp th<• ute1·ine iubr ha s n len gth of JJ to lfi em. 
(Ellenlwrger nnd Bamn, 19?1) . Th e gradu nl n1r rgin p; of t h r tube '"it h 
the h om of th e uteru s has a h ea d\- been menti oned. Lre (19~D) 
mRinbi ns that iu most mnmnHtls t hc;·e is a nJnrr· -M-l<'~s "·ell-rlPYel oped 
1•nh e nt this jun ction . Th<' ,;h eep i..; noi Sl lecifit·n ll)- mentioned . nor 
is i t im plied thn t t h e jmtdion i s n h~"<l .\S n'nrlil:- re(·ogniserl hom the 
e:s:teri(Jr. 

In none of t be standard embryolop:i cn 1 or obs!.Phical textbooks 
is an.-- mention made of sp ecifi c pregnan cy chang-es i.n th !' Fallopian 
t ubes . Berp;m:mn (1922) conrludes th;tt preg·nrtll cy has no iuflu e nce 
on tl1 e length of: tl1e iuhes . Lambert (1928) ~bteH that in th e horse, 
the hoY.in e, the cat a nd the dog h e hns fonn<l , a ,;socia te<l with 
g·esbJiou, extcn siYP Ynscul::uization of t h e tubes accolllpanied b y 
h y prrtrophy of conn eciiY!' :mc1 mnscnlar tissu e an<l n .lisi.inct incre;H;(· 
of elm;tic tiE'S11!'. 

(b) F OE'LH , }J E~\TDR.-I.XES .I sn ]<'rxms. 

l. JiembTanes. 

The formation an<l t lw appcarancP. of: t h e foetnl membranes of 
t h e ruminant are ,,·ell deseriberl by ?:eitschmann (192!i) . H e shows 
th at. there nrP two ;mrs . th !' inn !'r b eing t h e a llanto-amnion ::mel the 
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outer the allan to-chorion. Like Craig (1912), Zeitschmann states 
that early in pregnancy the outer sac increases rapidly and soon 
comes to :fill the entire uterine cavity. :Meanwhile the inner sac 
has remained relatively small, investing the foetus closely. Later 
on the amniotic sac expands rapidly and soon it occupies a large 
portion of the chorionic space, pra ctically obliterating the central 
part of the sac. At this stage th e concentric arrangement of the 
two sacs is not very evident all(]. the appearance is mOl'e that of a 
large amnio-allanto-chorionic sac with two allanto-chorionic appen­
dages-one at eithPI· pole. 'rhese latter bTo sacs retain their 
communicatiofl with each other and with the umbilical infundi­
bulum. This relationship is well indicated in a sketch given by 
Bailey and Miller (1921). 

The appearance of the ovine foetal sacs is described by Assheton 
(1905). He shows hm1· at 14 days post-coitum the blastocyst has 
extended the f ull length of both uterine horn,;. At this stag·e the 
membrane is very frai l , is transparent and absolutely colourless. 
Unfortunately he doe:; not tra ce the further development of the 
membranes to show at what rate these delicate sacs grow into the 
relatively large structures which come away as the afterbirth o£ the 
ewe. Malan and Curson (1937) give :figures for the weight of the 
membranes during pregnancy. These show that the total weight 
increases steadily throughout the p eriod , although this inf'rease is 
not shared equally by the two components. Th e allanto-chorion 1s 
shown to underg-o little or no increase after the second month , while 
the allanto-amnion increases steadily for four months, after which 
the rate of increase declines . 

The weights of the membranes at different stages o£ gestation 
in the bovine are recorded by Rorik (1907) and by Hammond (UJ27). 
From these sources it is seen that just prior to parturition the mem­
branes have attained more than 1,500 times their weirtht at th e end 
of the first month of pregnancy. In addition Hammond 's :fig·ures show 
that the membranes grow at a steaLly rate throughout the period. 

The fact that Draper (1920) has included the ,,·eight of the 
placenta in his figures for the membranes of the guinea-pig, renders 
these nata rather unsatisfactory. However, if it is assumed that 
during the second hal£ of pregnancy the increase in \Teig·ht of the 
placenta becomes negligible, then Draper' s graph would tend to 
innicate a stead ~· growth of membranes throughout preg·nancy. 
Hammond (1937) rleals with the foetal placenta and m embranes of the 
rabbit. His graph shows that there is consirl erable increase in these 
structures and that a fairly steady rate of growth is maintained 
throughout the period of gestation . 

2. Fluids. 

Needham (1931) gives a summary of most of the available know­
ledge on the foetal fluids. Most of the resea rch es quoted by him are 
spasmoilic investigations on isolated chemical co nstituents of the 
fluids. For the purpose of an inquiry into the origin of the foPtal 
fluids Paton, \ Vatson and Kerr (1907) selected the sheep as their 
subject " because, in this species, both fluids are present in rel:>tively 
large quantities throughout the entire foetal period ". 'rhe fig-ures 
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supplied by the authors bear out this st_atement: :Moreover, t~ey 
show that both fluids undergo changes m physical and chemical 
properties with the advance of gestation, while at the same stage of 
pregnancy the two fluids differ. Malan a 1~d qurson (1937) shyw th~t, 
m the sheep, the total amount of flmd mcreases steadil;\· with 
advancing foetal age. They find that the allantoic flu id shows litth~ 
increase during the first three months. to which period the increase 
in the amount of amniotic fluid is mainlv confined. 'l;eitschmann 
(1923) gives the amount of fluid at parh;rition as between 50 and 
450 cc. for the all:mtoic and between 150 and 400 cc. for the amniotic. 

For the bovine Bergmann (1922) shows that the quantity of 
foetal fluid increases rapidly during· the first half of pregnancy. 
while later this increase is m uch less. Hammond (1927) indicates 
that during the first hal£ of pregnane,')' the increa,;e in weight of thP 
foetal system is due mainly to the accumulation of fluid, whereas 
towards the end of the term it is accounted for almost exclusivelY 
by foetal g>rowth. Bergmann finds thai what increase doeR occu'r 
after the fifth month concerns mainly the allantoic fluid. 'l'he latter 
fluid is present in greater amount than the amnioti<·. Zeitschmann 
(1923) asserts that the ratio at full term is 3: 1 in favour of the 
amniotic fluid. 

Hammond (1927) drawB attention to the fact ihat cessation of 
increase of the foetal fluids and inception of secretory activity of 
the mammary gland both occur at about the fifth foetal month. 
He suggests that this may be sig-nificant, and no mere coincidence. 
In the case of the rabbit (Hammond, 1937) it is also seen that there 
is a steady increase in the amount of fluid up to the 24th clay, after 
which there is absorption of fluid, so that at birth only a few drop~ 
remain. The absorption is active on the part of tlu· fo<,tus itself, 
hut the decrease in amount tends to indicate a ce~ ;;ation of fluid 
formation. If this is so, then in this species too there is apparently 
some correlation between mammarv secretory activity a mi inhibition 
of foetal fluid formation . ·· · ' 

In the guinea -pig Draper fill(ls that the amount of anmiotic 
fluid when plotted against gestation tirne gives a double eurve, 
indicating at first an increasing rate of formation and later a decrease 
in this rate. Until the middle of the period of gestation the :mmiotic 
fluid weight exceeds thai of the foetu~J . Afterwards the foetal weight 
is the greater, and the ratio between it and the amniotic weig·hi 
becomes wider with the advance of pregnancy. 

(c) THE FoETUS. 

l. Foetal A,ge. 

Although }faeDowell et al (1927) speak of foetal age as dishnct 
from age of the zygote, most workers use the term as indicative 
of the total age of the organism, from the time of fertilization 
of the ovum until the moment of death or examination of the foetus 
(Arey, 1931). In most cases it can be assumed that the time of 
death of the foetus coincides with that of the expiry of the mother. 
Especially is this the case where the mother is perfectly healthy 
right up to the time of slaug·hter. In the human being, where 
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tion o£ the time of fer ti lization , such t enus as 
and "mensb·ual age" have been intl·oduced. 
gi ,·es the true foet al age . 
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accurate detenninu­
" copulation age 
~either of th ese 

I n order to be able to detenninP the exact ti me of fertilization 
[t is essent-ial to kuo"· the hme of ovulation , the ra te a t which t he 
~perm tr:werse,; t he f emale gen ital tract a nd the Yitality of both 
ov um and dpetm [n the u teriue pas:;ages. A.s a res ul t of t he investi­
gation~ of Quin laJI ancl his co-workers (19 ;~ ] ancl J 9T2) a cletailecl 
knowlerlge of :1l l these fa ctors in the :Mer i.no ~ lH•ep i o; available. 
TheY h :tY e sho1Yn that o' nl ation occurs at about the :JOth hour after 
the 'onset of oestrum. ancl t hat ih e unferti.lize cl oYnm soon loses its 
\7itality. The mal.e sex rt•l l n-'achPs the Fa llopian tube , in which 
fer tilizat: ioH occu r::;, 11·i t h[n s i:-;. h ours of copulatio11, ,,·hile it retain" 
ils Yitali.t.y fm how 12 to about 3G hour~ . H, t herefore , service 
has been allo1Y N1 ::~t :m ch times during oest rum a;; l.o ensnre :1 largP 
uumber of nd i1·e sperms being antilable in the tube at t he time of 
ontlation, t hen .it mav be taken that f t•rl ilization occurs without. 
llelay i . t· . at nhou t th e ·:{Oth hour nHe1· the on;;et of · ' he:ti , .. 

The mPthocls of cl etenui uing the on ,;d o£ oestrum and of 
c· alculati ng foetal ap:e will lH• c-on si cl ere cl in th e follo" ·ing· ehapter. 

In ueali ng \l·ith foeta l growth it IS e::;~e ntial that due 
Go nsider ation he given t h ose far-tors which tn ay influPn cc development 
of t he foetus. Wher e possibl e th ese factors should be controlled . 
Failing th is t h e.v should a t least be horne in mincl in the i nte r­
pretatioJt oi re~ ult 1>. On consulting the liter ature -o ne finds t hat in 
nearly a ll r-aties birth-,,·eip;hi ha s been the critt>rioii ;1,; to whether a 
tactor h<t:" in :flnenced foet::\ 1 growt h. U nder t hesf' l"irc umstances . 
therefore, even after t he infiuence of a f·e rtaiu factor has been 
est:Jblish ed , there is still th e difficulty of no t knowing ''"hether this 
influence was exerted with equa 1 fo rce throughout. the entire 
prenata l period or \Yhether it had been in tensified at ce r tain stage:<. 

'Phe painstaking efforts of "JiacDo,, ell und his e;,olla borators to 
ensure p ure st;ruins and absolu te acc uracy in ageiug- h aYe £ailled to 
eliminate considerable variation in t he weig-hts of foet uses of identical 
::~ge . No doubt the causes of su ch variation s are highl.v complex and 
only by the• most extensive r esear ch could they be checked with 
accuraey. "RYeu to attempt a detailed disc ussion of th is problem is far 
beyond the ~e011e of t his work . hence hut :1 few of th e morP ohviou R 
points will he mentioned. 

Firstly, llluteria1 mfl'll euces may he c ·o n s .iden~ d : -

IIreed an d Stra in . 

To elabora te on tJ, e diffe ren(;l•,; I ll ~ize and couformation 
Pncountered in chfterent breeds a11cl st rains of the same "pecies, would 
be supedi uou;;. It is shown by Pi tch , :YlcChlliard and Dr umm (1924) . 
that not only is t here a differ ence in birt h-weight in fo ur milk breeds, 
bnt tha t til!• ra. ho of c·alf to maternal weight also differs. 'l'h i:-
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indicates that the birth-1\·eight differ ences cannot be regarded merely 
as proportional increases or decreases according to maternal size. 
In a detailed study of bm closely related strains of albino rats 
Freudenberg (1932) ;;;hmn that apart from differences in body weight, 
there are present, even at birth, distinct differ ences in organ 
weight-ra tio . 

These fe" comments shou:ld suffice to demonstrate that in studies 
on prena tal g-rowth it is essential that material be drawn not only 
from the same breed but also, as far as is possible, from {he same 
strain. 

S£ze and Cond,ition. 

His observations on both pure- and cross-bred sheep lead 1-tussel 
(1919) to state that in nearly every case is size of t he lamb deter­
mined by size of the e\\e . Humphrey and Kleinhen;r, (1908) maintain 
that large ewe,,; produce lambs heavier than those from small ewes. 
Hammond (1932) mentions a crossing experiment at the University 
CoUege, North \Vales . Welsh ewes were bred to Border-Leicester 
::m el to Southdown ram s. Alth ough the former rams are large 
animals, ewes sen-eel by them lambed ·with onl:v Ye17 li ttle more 
trouble than did those bred to the Southdownti. .For the r at, King 
(1915) states that as the weight of the moth er increases, so does the 
birth-weight -of her youn g become greater. How eYer, as in the rat. 
weight and age are correlated, it is possible that the greater matunt~­
of the heavier fema les plnyed some part in her inveRtigations. 

H ammond (1932) points out th at the maternal infiuen ce over 
foetal clevelopmen t is twofo'ld- gen etic and nutritional. He show;; 
that in a favourn ble se:1son , during whi ch the ewes were in good 
condition prior to lambing, the bir tlHYeigh ts were high. Further . 
when ewes were divirlt>d a<' cordiilg' to colldition illlo gnod , medium 
and poor groups, it wa s found that the average bir th-weights 
followed the same order. The difference between the first two groups 
was much less than that between the m edium and the poor grouv ~. 
It appea rs tha t improvement in f'·ondition beyoncl a certa in stage is 
not refl ected in the birth-weighbl of the offspring from such ewes . 
In fact it is found by Quinlan and Roux (1936) tha t extremely fa t 
cows produce very light cahes. This finding is in accordance with 
the results of Eckles (1919 and 1920). The latter roncludes that , i11 
the cow, nutrition of the mother has but little influence on th e size 
of the calf at birth . Donnlcl and McLean (1935) state that " increase 
in birth-weight as the lambing season advances is clue tn improve­
ment in the condition of the ewes ". Apparently they contend t hat 
an improvement in the eondi tion of the mother is rapidly 
communicated to the foetus. Hammoncl (1932) stresses the 
necesRity for providing pregnant ewes wi th good feeding for six: 
weeks prior to lambing. H e may, howeYer , be more concerned 
with procuring a good milk-supply subsequent to parturition than 
with actually producing a heavier lamb at birth. 

E ckles (1919 and 20) and Fitch et al (1924) mainta in that cowi' 
in quite poor condition produce ca h-es of average weight. The latter 
authors show th at on'ly when nu trition is severely depreRsecl is calf 
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weight affected. :EYen then the effect is uot proportional to tbe los~ 
of condition of t i1e mother. This is demonstrated hv the dec1ea~e iu 
the calf -1nother ratio . In their \York on the b1 eed i ng of cattle -on 
pastnres deficient in Jlli Henll contPut , du 'l'oit and Bischop (1929 ) 
:-,ho"· that , bebreen thei r " bone-nteal " and t! 1eir " control " herds, 
in spite of mn rked rliffereJll·es in condition. vigour and resistance to 
clisease , there is no siguifica n t rl iffen)m.: e ill lrirth -weig-ht. Groene\ I ;tld 
(l!J35) a l ~o f::~ils to fi]](1 a recludiou of bi1·th-size in cahes born of 
mothers feel on rations deficient in varions mineral snhsianC'PS. Hanv 
(1920) nwintains tlwt seYere inanitio11 in pregunnt r;1ts causes ·a 
decrease in bocl~- ·11·eight of the resulting l itte r . The c1iffer ent organs 
of the foetu s mP noi. all affected to t h e s;m1 e extent, h ence a change 
in the 1reight-ratio of the orgm1s res ult~. Quinlan and Roux (1936) 
find that in cum; subj ect io seYere r estriction of exercise anrl sunlight 
there is 110 change in eitl1e1· size o~' degree of development of ca l ves. 
provided that this t reatme11 ! does no t r e~11lt in e.xc·e,-;si1·e clepositio11 
,, f fat, when low birth-weights wi ll he encountered . 

. Jge . 

A~.;curdi ng to age, h1·eeding stock m a:v be diYide1l into three 
dasses- inmwtu r e, mature and aged. !11 prarhcal animal 
hm;bandry the brePrling ability ancl production of ;mi dl'lls in eac-h of 
these chsse~ have received much attention. "Ul this work: is of 
great interest he1·e, for it brings out -one essential fad- that both 
as a produ ctiYe and as a 1·eproductiYe ma chin e iJlP n mi nre female 
exhibits nn efficiency far snperio r to tlwt of tlu· female in either of 
t he othm· bn1 dasse.'i. 

Hammond (19~~2) refers to the i rtabili ty of shearlin gs to prorluce 
lambs with a birth-"·eight eq ual tl} tlwt of the offspring of mature 
ewes. Donald and 1\fcLean (1935) condu rl e thai ihe influence of 
age of the ewe is suffi cien t ly ~trollg to oh.,r;ure the effeds of se.x 
rlifferences iJl the lamhs. 

Fitch et al (192-J.) finrl that mature cmYs produce cahes larger 
than those immature cows. Eckle,; (191!)-2()) state.-; tl1a t fir~t calves 
;1re ,;maHer t iwn l ater ones, and that the maximum \Yeights occur 
at t he t h ird to the sixth cah-ing. Later in life, in the aged g roup, 
there is a 1lecren~e in birth-"·eight. It is well known that milk 
production increases in the second and third lactations aml declines 
in aged c:.ows. 

King (1915) states th at lJirth-weigh t i11 the rat increases ''"i th 
the age of th e mother. Donaldson (1924) m entions that t he albino 
;.'at usua!lly produces its largest litt ers ;o t t l1 e second to the eight 
gestations . Long (1906) Htate.-; tb at t he average "eight per pig-ling 
in the case of year-old sows is nbout 800 gm . , and that this increases 
with age until at fJ years t h e fig·ur e is ] ,000 gm. Carmichael anrl 
Rice (1920) sl1ow th::~t, in addition to this increase in the si;~ e of the 
individual pig-lillg , t h ,"re is aho m1 increase in the number per litter 
as t h e age of the so"· increases. 'fhese changes are evident up to 
the 4th litter. Schneider (1936), studying German pigs, reports 
8imilar results. 
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A furthe1· indication of th e greater reproductive ability of the 
more mature female is the fact that in sheep multiple births occur 
with the greatest frequency in th e most mature age-groups (Jones 
and House, 1920) . 

I n the foregoing reference h as continuailly been made to the 
number of gestati.ons as an index of maturity . In most cases this 
will al so be indicative of age. But that maturity is actually a matter 
of age, and is not dependent on previous breeding, is shown by 
J oubert (1936) . He finds that virg in ewes of mature age will produce 
lambs equal in weight to those of ewes o£ the same age which had 
previously been bred. Donaldson (1924) shows that i£ the female 
rat is prevented fr.om breeding until she is four months of age, then 
the first litter wilil be as large as any of the subsequent ones. 

To ~um up the various maternal influences it may be stated that 
breed, strain and maturity are of importance in foetal development. 
whereas t he state of nutrition, unless grossly beyond normal limits, 
does not exert much influence. 

Paternal I n.fluences. 
It is quite evident that tbe influence of the ram on the foetal 

,:ize is limited to th e genetic sphere. Mumford (1901) declares that 
the sire does not exert any influence on the size o£ its {)ffspring. 
Humphrey and Kleinhenz (1908) find that paternal influence i~ 
rather !limited. Their method of investigation, however, was not 
ealculated to allow for differences in age and breed. 

Hammond (1932) cannot agree that the ram has no influence 
un the size of its l ambs. He draws attention to the fact that cross­
bred lambs often differ in size from the pure breed. 'l'his differencf> 
must be in<luced by the sire. 

I n dairy cattle Fitch et nl (1924) find that t h t• sire does exeri. 
an influence upon calf-weight but th at the degree of such influence 
is somewhat limited. Eckles (1919-20) shows that the cal£ produced 
by a Jersey cow mated to a Fries bull is much h eavier at birth thm1 
i8 a pure-bred Jersey calf. Quinllan and Roux (1936) also find that 
the bull has an influence on cal£ -size . 

Additional fa ctors which should be considered :1rP: -

:Vumbe1· of Foetuses. 
It h as been shown by Murray (1921) an d by Hammond (1932) 

that each member of a set of twins is lighter than a single foetus 
of similar age. The total weight of the set, however, exceeds that 
uf t he single individual. Between twins and triplets similar 
differences exist. These results are confirmed by numerous other 
workers. Schneider (1936) points out that in pigs the size of the 
individual pig ling at birth decreases with the increase of the number 
per litter. King (1915) says that the same applies in the albino rat. 

Zuntz (1909) sh ows that when rats are kept on unbalanced 
rations, the frequency of gestation and the number per litter are 
reduced much more than is the size of each individual foetus. 
Evidently, where nutriment is limited, reduction in number safe­
guards the size of the :vo11 ng . 
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Sex of the Foetus. 

That the birth-weight of the male exceeds that of the female 
has been established for the human being (.Jackson, 1909), the sheep 
(Hammond, 1932; :M:urray, 1921; Donald and McLean, 1935), the 
bovine (Fitch et al, 1924) , the rat (King, 1915; Donaldson, 1924; 
Freudenberg 1932) and the pig (Schneider, 1936). 

This difference in weight is not merely the result of an enlarge­
ment in all dimensions in the male. For the bovine it has been 
demonstrated by Keller (1920) and by Beer (1925) that somatic 
differences dependent upon sex do exist. These are detectable as 
early as the second month of prenatal life. 'fhe male is much more 
plump and is better muscled, espeeially in the cervical and the 
shoulder regions. The female is more slender and has a long, narrow 
head. The results of Keller were well controlled in that he used 
sets of twins of like and of unlike sex. Although variat ions were 
found in both groups he eoncluded that there was evidenee of a 
definite inherent somatie sex-difference. 

For the pig similar results are reported by Smestisko ( 1925) . 
.Jackson (1909) refers to sex-differences in human foetuses, and 
Scammon (1922) shows that in the height-weight index of new-born 
babies this difference is also discernible. 

In addition to the above influences there is still to be considered 
the effect of the time of the year at which birth occurs . 

Seasonal Influences. 

Hammond (1932) and Donald and McLean (1935) find that birth­
weight increases with advance of the lambing season. Apparent ly, 
however, they consider that this is the reflection of an improvement 
in the condition of the ewes. Carmichael and Rice (1920) find no 
regular birth-weight differences due to season, although they do 
state that piglings farrowed outside the regular seasons have smaller 
weights than usual. Schneider (193G) finds that the birth-weight 
of piglings farrowed in winter exceeds by 70 gm. per foetus that 
of sim;lar young born in summer. 

3. Growth in H/e ight. 

Colin (1888) appears to have been the first investigator to study 
the growth in weight of the ovine foetus . A big gap in his figures 
between the ages of 57 and 120 days makes it impossible to determine 
the shape of the growth curve. Due to the absence of age figures 
the series of foetal weights given by Paton, vVatson and Kerr (1905) 
is also useless for this purpose. These weights indicate only the 
range to he expected. Craig (1912) mentions 4 Kg . as th) weight 
of the lamb at birth. 

Cursou and Malan (1935) give detailed figures for a whole 
series of Merino foetuses. Iu general their figures are lower than 
those of Colin. This may be due to their having worked upon a 
different breed. They show by means of a chart that when weight 
is plotted against age the result is a logarithmic curve. The latter 
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shu iY:; much fluctuation, especially after the age of ] 00 days . 'l'he 
author~ state that " these flu etuations are well und erstood, for the 
series of lambs was taken at random, and there is considerab.le 
variation in the 1Yeight o± individuals of the ;;~une age " . .In a 
subsec1uent paper [::\falan and Uursou, 198G (a) J additional weights 
are recorded, and althm1gh i.hese are not plotted against nge, it 
appears that the curve so obta inerl \\·oulcl follow a co1.use ,;imilar to 
t hat of the curve given in t he eadier article. Further weights are 
gi,·eu ]Jy :Nialan and Cur,;on (1931), and t hese oul y sen ·e to strengthen 
tlw JHeYiouR fiuclings of these authors. 

Fur the boYiue foetus a fair umouut of <lata a1e aYailable. 
l{,orik (1907) and Bergmau (19:22) ta bula te a considerable number 
of \\·eigh ts for foetuses of Y<uious ages. Craig giY e:> t h e aYerage 
IY eight of the cal± at birt.h as :{2·5 Kg. Hammoml (1927) mentions 
the 11·eiglJts of eight accuxately aged fo etuses. In S]Ji te of many 
on·dappi ng::;, and the br-i that breed difl'erences must be 
con siclenlhl e, these figure~ :t .!J indwate that the age-weight curve 
For t h e hovine foetus is similar to t l1:1i <1t>scribed hy Cun;on and 
.\I alan for the sheep. 

The <:> a me type of curYe h as Leeu esb hlished for otht>r mammals. 
e.g. the human being (.Jackson, 1909), t h e guinea -pig (Draper, 1920), 
the rat (~ totsenber·g, 1!)10) and t he mouse (:JiacDO\Tell et al , 1 927 ). 
Apparently the sa me type of cune h old,; goocl for other mammals, 
and it appears po,;sibiP to expre~s all foetal gro,.;·th-rates by t h e 
same general formula, the comdan ts of which have merely to be 
adjusted feu· eacl1 species . 

So far only aLwlui e gr01dh has come und er rousideration. 
·vVheu relatiYe or perceutage gnndh curves are considered there is 
a remar.kable lack of unanimit y amongst ''"orkers. ·viThen it i,; 
no tic·ecl t hat Brody [1927 (n)l using the idt>ntical <lata employed 
b~r ~1inot (1908), obtains radi cally (1ifferent rates, then it i,; realised 
that the rea l problelll her e is of mathematical nature. 

Brody [1927 (b)] 1nesenls graphs 11·ith which he attempt<:> to 
sh o,.;· th at the n~latiYe gro1Yth Clln·e is not of a steaclil:y decreasing 
uatme , h11t tha t i t is made ll}l of a sm·ies of ;;iraighl c;eg men ts . 
.\1acDowell e l nl (1927) clo 11ot ap.Tee '".ith t hi,;. They demonshate 
an eYrn and regularly cl ecreasi ng cune. 'l'hey cri ticise the data 
upon which Brody relied ±or his determinations, and they also 
~how thAt auy rurve ma~· hP approximated by a number of straight 
lines . 

4. &ro'tcth 1:n L ength. 

Iu t he (utro(luction to t.hi :; p<qJer \nts mentioned t he failure of 
iuYestigaton; to define with :1 ccu ra e~- t heir procecl ure. l\ o ~1·here is 
this fa ilure m ore appArent than in the r:asE> of length of foeh1 ses . 
By detenainiug inn-ease in l<·ng th an idPa of skeletal gTmYth, rather 
than of mass increase, is obtained. L ater it '"ill be seeu th at these 
t \Y O fact01·s are actuallY coneLtted . It is eY.id ent thnt in each case 
the ident.iPal dimension< sh oulr1 he mea~nred. Thic; ran he don e onlv 
when the extremities of the lin e are c:learlY llefined. If the lin.e 
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1,; not straig ht then it ;; co ur~e hebn·en th e two fixed points should 
he indica ted. U nfortunateh in t h e literature the term " len gth 
of foetus " is of ten g iYen without further amplification . 

For t h e human foetus certa in fixed. m easurement,; a re in general 
use. These are describer] by Mall (1910). Comnwnt>,;t of t h ese are 
sitting-h eight ( C"l'O\Yn-rump), ,;ta nding -height ( crO\nt-heel ), and 
vertebral column leng-th . ln the vederinary field m ost 11·orkers h a ve , 
no doubt , m ad e use c;f a dimension :~k i n to th e human sitting-height 
or erown-J·unlp meas urem en t. 'L'hat t h(• fixe •d points h ave variecl is 
i n(licated by t il t> fe11· in stan!'e•s in whie·h <lll aHempt :~t· definin g 
" length ., ha,; l;eeu mad e. Jl ammoml (1927) r efers to a poll-base­
of-tail lll eac;urem eut, 11·hile Curson a nd :Malan (193G) 1I <it' th e fo reh ead 
a nrl the base of t he tail as lmHlm arks . For 1·ats the nose-anus 
dimension is in genPral ustco ( Don:~lrl son , 1D24) . B erg n1 ann (1!.122 ) 
refers to a muzzle-ninllJ nH:·aslnem ent eulploy t·d by some inYcstigators . 
He conclud es t ha t thi s i,; inferior to t h e poll - ruuqJ nw;tsUl'l'llleut. 

In all th ese eases, attemp ts h ave bee n mad e to indicate the length 
of th e foeta l body . All t he m ea:-;uremeub are of ~t raight-lin r 
dimension,; . A lth ough " r ro11·n-rump " appears to lw a. m ost 11 seful 
measuremen t in the human being, it ::; Ya lu P in a u animal with a 
relati 1·ely loug and fi e=" ihl e n e<.:k is gTeat ly redu c:p d hy lhe vo~sibi lity 
of large enor,; clu e to cha nges in posture. In the sheep foetu s, even 
when it is laid ou t fl at 11·ith t he neck lJ Plfed ly ~traight, relati1·ely 
large varia tions may he in t rorlu cerl simply by ftPxi ng and exte nding 
t he h ea d on the-' 11 ec k. ln 111 aking u ~e of sn !'!J dim en sion ,.; it is 
essential t hat th e positio n of the frwt11 s <l S well a,.; t-l1 P lanelnwrks bP 
sbmclanlise cl al1<l defined 11·i th care . 

lV[alan and ( 'un;on [ 1936 (a )l Pxpn' .' S the opinion that a m easure­
m e nt along t he ha ck of th e fewtu :>, in preferen ce to a straight linP, 
shoulel assist in elimin;ding th e c·fi'<:C't of pos ture . Lt was the ir 
intention t.o ma1r use of }fall ' ,; (1910) " len gt h of YertclJral C'olumn , . 
dimen ;;ion . They entploye cl a s <1 11 ;rnter ior landlll ark for t heir 
"curved nO\nl-rump " length, th P miclpoin t of t he• liuP joinin g­
t he m edial cant hi of the eyes. 'l'l te posterior lamlma rk " ·a,; t lw 
root of th e tai l (C11rson , J9!i7 ) . ' l' he author,; clo not fin d that the• 
use of t his m easurement impro1·es the fit of th e da ta in •t ''"eigh t­
length curve . From this it would app ear t ha t t·h e f' Urved line i ;; 
no mo re accurat e t han :1 straig·ht· meaqu eJ nen t. Th e li.n e u secl is 
obviously not th e ecp1ivah·nt of tlu1t r Pfen Pd to by Ma ll , a ncl it 
r emains to he seen \\·he ther ~fall 's line-length of t h e vertebral 
column- wou ld produ ce better r es lllts . 'Ih e diffi cul ty in making 
t his m easure ment is !.ha t th ere i » not hin g- to i]](li cate t h at, in any 
specie,.; othPr i11an the hum a n being- , th e exh• nsion of th e eye-ear 
line indicate~" t he po in t. of orig·in of t he ver tehral eolumn . 

L ength s of ,;h eep foe tu se,.; ho 1n till' th inl to t-.lw t wenty-seeoncl 
wee k are g-iv en by G urlt (1S47) . Hi ~ figures sho11· no elose Rirn ilarit:Y 
to thot>e of other \\"OJ'kPrs . B etter fig- ures are t h ose of Assh eto n (1905). 
These are limi te(l to t h e very young- stages . A larg-e am011 n t of 
data concernin g acr'1Irately aged M erino foet u ses ar e presented by 
Curson an cl ~Inlan (1935) . On plotting' these data ag- ainst age t h e 
a uthors obtain a curve " ·hieh resPmbl e~ an elonga ted " S " Thi s 
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curve differs from the weight-age curve previously described. Due 
to the small number of foetuses used the data show much variability, 
but this cannot obscure the faet that there is a definite length-age 
curve for foetal growth. Apart from additional figures for straight 
crown-rump length, Malan and Curson [193G (a)] also tabulate 
their " curved crown-rump " measurements. Although the latter 
figures are not plotted, it appears that this would result in a curve 
of roughly the same shape as that obtained with the straight-line 
dimension . Galpin (1935) indif'ate~ the lengths of a number of 
accurately aged Jlomney foetuses. The measurement taken anpears 
to have been somewhat akin to Malan and Curson's [1936 (a)] 
curved crown-rump dimension. If the figures represent straight 
cro,vn-rump lengths then a Jlomney foetus must be considerably 
larger than ~~ Merino foetus of identical age. 

Craig (1912), who simply speaks of ·'length of the foetus" 
gives figures for the horse, the bovine, the sheev, the pig and thP 
dog. As he mentions merely the average length for each of the 
seven periods into which he divides the gestation period, no 
conclusions as to the nature of the growth curve ma:v be drawn. 
His data for the sheep fit iu well with the figures reeorded by 
Curson and .Malan. For the length of the lamb at birth Craig 
gives 18 inches, which is considerably higher than the figure 
mentioned for a 145 day foetus by Cur·son aud }falan (1935). If 
Craig's figure is a good average one then the distinct flattening 
of the last part of Curson and }falan's curve should disappear and 
the curve should be much more even. 'rhis would then produce a 
curve resembling that given by Draper (1920) in his 'vork on ihe 
guinea-pig. His curve also has a double nature, but the second 
change of clirection is very gradual. Draper concludes that from 
the 15th day of foetal life till the G4th clay the percentage rate 
of growth in length decreases steadily. Hammond (1927) indicates 
the measurements of eight bovine foetuses, ranging in age from 
1 to 8 months. 'Che figures "·oulcl apparently fit a curve such as 
that under discussion. 

Alreach- it. has been shown that there is a correlation between 
the age a~d the length of a foetus. In the humau foetu;; 
this relationship has received a fair amount of attention. Simple 
empirical formulae for expressing each of these characteristics in 
terms of the other are given by Scammon and Calkins (1923). 
N oback (1922) demonstrates the simple relatiowJhip between sitting­
height and standing-height. Scammon (1937) shows that the simple 
relationship between these two lineal dimensions may be extended 
to embrace numerous other external measurements of the foetus. 
Noback (1925) demonstrates that in the l ineal growth of a single 
system such as the respirator;.- the age-length -correlation is still 
present. 

Curson and .Malan (193fJ) consider the conela t ion bet ween weight 
and length. In addition to presenting a graph for these two 
characteristics plotted one against the other, they show that relative 
increases in length and in weight may be plotted to a straight line. 
'l'his is confirmed in a later article [Malan and Curson, 1936 (a) J. 
It is also found that the " fit " is not improved h~- the use of the 
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curved cro\\·n-rump meat>urement. 'l'hey conclude that increase iu 
length is a function of body weight, and that the nverse abo hold;; 
good. 'l'hey observe that the logarithmic nlues of weighi- anu ot 
crown-rump length are equally variable. Hammoncl (1927) statP:-; 
t hat " weight is more variable tha1:1 length ". Curson and .MalaJI 
(1935) show that when Arey's (1934) data for the human foetus ar e 
plotted , t he same length-weight r elationship becomes evident. 
Aceording to Seammon (1922) there is a definite h eight-weight index 
for babies at birth. 

Wor kers on post-natal growth have: not been content with 
measuring one dimension. Instead t hey m ake use of a number of 
representatiYe measuremen ts, som e of 11·hieh ar e nw ntione<l and 
illustrated by Hagsdale, Elting an d Brody (1926). lt will be seen 
that there are two classes-straight and curved or circumferentia l. 
'l'he purpose of all this is to obtain an idea of growth in all th ree 
dimensions, ratlt er than to be limited to a " one-dimensional " 
conception of the process. lt appears that by an extension of t hi s 
idea to the study of foetal growth a much clearer and mo1·e ar:curate 
visualization o± the ch anging proportions of t he developing foe tus 
1nay be atta ined . J.t i,; eonceivu ble tha t r atios behveen <lim e nsiom; 
may prove to be better indices of age than t he absolute measurements 
themselves. 

5. Grotcth 1:n Surface Area. 

Not only weigh t and linear dimensions but a lso surface area 
may be used as a measure of size. In the living animal, espeeially 
after birth, su rface area assumes an eYen greater imyortance, for 
it is in timately associatec~ '"ith b eat regulat ion a!lll metabolism. 
In the sheep foetus thi s aspect of gro,d h has been studi ed by :Malan 
and Curson [ 1936 (u)J. They find that the curve for surface area 
against age is similar to th at for weight and age, Relative increases 
in area and in weigh t may be plottecl to a straight lin e. 

Owing to the desirabili ty of p1eserv ing intact the foetuses used 
in t he present work, surface area h a" not been considererl. 

6. Changes t:n E xterual A.ppearance. 

I t is not intended to discuss h ere the earliest cleYelopmental stages 
of the sheep embryo and foetus. R ather is it the ob'ject to commence 
at the stage at which in textbooks the subject is usuall:v left, and 
to consider the manner in " ·hieh the early common mamm ali an tyye 
is moulded into the Merino lamb rt eliYerecl at parturit ion . 'l'be 
ch a nges wl1ich ta ke place "·ill be correlated with age so as to arrive 
at wmething- similar tc: Arey's (19!i4) " T able of Correlated H uma1l 
De,·elopm ent ". 

Asslt etou (l90Fi) intimates that the developm ent of the sheep up 
till th e lOth clay has been worked out hy him (1903), and t hat t he 
furth er cleYelopment has been ful1v desr:ribecl by Bonnet (1895 and 
18981. lTufortunately neither of t hese papers was aYailable to me . 

F or the bovi ne Hammond (1D27) pre~o:ent" a tabl e whic·h, i n spite 
of the small number of foetuses available for its compilation, is a 
nseful guide in age-determi nation. An in teresting feature o£ thi6 
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table is tLe use l.bat is made of the stage of pigmentation of the 
eye in tl1 e early foetuses. Attention is al so directell to the value of 
I he limb-bud and the deYelopmeut of th e hoofs iu ageing foetuses. 
i-lom(' furl her Jetaih concerning t he e.· t em al form of l>oYin e foet uses 
in the early stages of gestaL(on are mentioned by Kupfer (193G) . 

The appearanc-e and Ji,;tribution of hair uu the foetus has long 
b;·en used as :1 niierion ,lf ag,~ . 'l'lw spread 11f hair o1·er t h e Merino 
foetus is described by Duenlen nnd l ~itc:hie (1924). 'l'he time uf t he 
first uppe:u·ance of hair is pbced towards t il e eud of the 2nd month. 
To thi~ e);eeptiun is taken li.v Cm·son and Malan (1935), \Yho nwintain 
t hat hair is first Yisi ble on the fmty-tlecond Jay of prenata l life. 
Oal pi n (19:3;j) rl esc ri Les the deYelupnwn t of hair iu i h e K ~-'''. :l.l·a land 
Homn ey fo <:>tLt,; . She dn11Y~ .t clistim:tiou b <:>L IY een tactile hairs u 11J 
Lody lmirs. Th e fo rm er sta rt to appear on alJOut the 76th clay, 
whereas th e latter are first seen on the 90th llav. Th ese t intes 1efer 
to the actual emergence of th e hairs above· the surface of t he 
epidermis. The hair follicles, of course, are distinguish able long 
before this. Like Duenlen and ltitchie, she find,; th~1t the development 
of hair is furth est achan<·ecl on the most anterim 1J<.nts of the l:ocly. 
The backward <;pre ad takes place in acr.·orclnnce with a p Ian so 
regular that it appea rs to offe r au excellen t means of age-cleiennina­
ti Oil . 

Craig (] 912), Bergman n (1922) aud H ammond (1927) gi' e clf't a il s 
for hair deYclopment in t he boYine . \Yhen clue allcllnlnce is ma cl e 
for the increased length of the cleYelopm en tal period io this species, 
it is seen that t he figures mention ed C'On espourl dose!.,- lo t hose 
obtained for th e sh eep. 

Other ex ternal features clo not appear to haYe rer·eiYed muc·h 
attention. 

(d ) TilE ~L-\TERX-H. MA~I::-JARY OL.~SJ). 

Probably ou account of the relative unimportance of the sheep 
as n milk procluce1·, it s udcler does not appear to haYe Pxt.:ited scientifit.: 
inte rest. That miLk production in t he sheep is of economic 
impmtan!'e, especially iu C'rossing for fat laml1 producti on, l1as been 
shown by .T ouhert (19:36). From tl1e aboYe i t must not be assumed 
th:tt in other speciPs the c:1uses of mammary rle1·elopm ent a ncl w ilk 
sec:retion have not been the subject of scien t ifie inYesbgation . On the 
<:ontra ry, much \York has been done iu this conne(·t.i on. 

Early in t he present century Lane-C'lay pon :mel St:Jrlin g- (1901) 
,;tudiecl wit h i nconclusiYe results the effects on mf.lllllllnn· develop­
ment of Yariou s foetnl placenta l extracts. Loeb ancl H esselmann 
[ 1917 (a) and (b)] shO\Y that mammary ac·tivit~r is correbtecl with the 
oestral cycle as " ·ell as 11·ith prel..(·nanc,v. Th e changeR tH'CillTing- "ith 
each oestral cycle resemble closely those of th e early pnrt of gestati on. 

A dose study of the whole problem ln1s Leen made by Turner. 
This aut hor (1910) traces t he foetal developrnent of the udder, 
indicatin g· t he stnge attained at birth. In a later paper (1934) 
deveiPpwenL in t he post-natal peri ocl is followecl up and i t is shown 
that, excepti ng for t he deposition of fat, there is no change bet1Yeen 
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birth and t he onset of yuberty . From th is tim e onwards , \Yith each 
r erurring oestral cycle, there is more and m ore gro~...th and branching 
of t-il e du d system and the g-land tissu e comes to resew ble a tree 
without. lea ,·es . \ Vith the onset of pregnancy there is still mme 
hr<~JH.: hing nctivity, followed by alveolar rleYeloputent. At mid-term 
the leafless tree picture has been alter ed t.o resemble a bun ch of 
grapes, t he duds being the stalh and t he aheoli th e g-rapes . Now 
secretion comlll ences and it is th e accumulation of the secretmv 
product which results in t he Yisible filling out of t he mamm ary glanci. 
Hammond' ~ (1927) n\~ ult ;; are in agrePment \-rith t hePP view~ . 
\Voodman nru1 H mnJJH.:JJ d (l!J2!3) <ln<l Asdell (1925) fiud tha tthP >va tery 
secretion " ·hi ch , in Yirgiu heifer s, may be \Yith rha\TO from th e udder, 
beg:ins at mid-term to undergo qualitatiYe and qnaut itatiTe ch anges 
wluch foreshadow the fmmati.on of the ch olostra l mill<. The above 
r esults appear t o explain wh y workers such as Ragsdale et al (1924) 
have foun d that in lactati ng co"·s a subsequent pregna ncy <loes rJOt 
have any effect upon milk .vielc! until th e end of th<· fi ft h :month 
of gestat ion. 

A t the time of fe1·tilization , t herefore, m anunary development 
i.s alrea <'l y under way . 1'he further development of the udder occurs 
in a slow an<1 onlerl~r manner and is spread out over th e entire per iod 
of gestation. It is incorrect to r egard milk secretion as being initiated 
rapillly a short while prior to parturition. 

Thi6 i nt ernal deYdopment ancl the accumulation of fl uid mu,.;t 
make itself evident in an incr ease in size <lnd weight of the gland. 
H ammond (1927) shows th at in h eifers in their initial gestation 
period , the '':eigh t of the ndrler increases from 2,200 gm. at the end 
of t he first month to ab out 3,000 gm. at mid-term, and to between 
6,000 anr1 9,000 gm. short ly before parturition. Thus the majm 
portion of the increase in weight occurs in the second h alf of 
pregnancy . Hammond fur ther indicnt Ps that in considering udder 
weights, especally in dry !'Ows, the age and the condition of the 
subject sh ould receiYe due atten t ion, as both th ese factors have an 
influence on the ''"eigh t of t he organ. 

(e) 'r HE M:ATER:c<AL E:c<n ocRINE GLANn s. 

1. The P ituitary . 

This ghn <l is m ost iati.matPl~r associ::1te<l \Yith all thP sexual 
fuud i.on s of tlw aHinJ al hod)-. A sex-chfterence in pitu itar~- ~Size ha~ 
been demonstrated in m an (Hasmussen and H errick , 1922) , in t h e 
albino ra t (J ackson, 1913; H atai, 1913; an d Addi son and Adams, 
1926) and in the pig-eon and th e dove (Riddle and N ussmann, 1930) . 
In each case it i~ the female that has the lar ger pi tuitary, and in 
thiR sex thP vland a l~o hRs a steepPr g rowt h curYe . Addis011 and 
Adam s sho''" t hat 95 p e1· ceu t of the exce:;;s weight is a<·cmmted fo£ 
by the an terior lobe of the hypophysis while the remnin ing portions 
ar e but slightly h eavier t han in the male. 'I'his is in agreement with 
the conclusions drawn by R asmussen and Herrick from R study of a 
few human pituitaries . W orking with albino rats, Ander sen (1933) 
shows tha t at differ ent times in th e sexual cycle the hypophyseal 
weight varies. The maximum \veight is encoun ter ed during oestrum. 
From then onwards there is a gradua] drcrease to the miuimu m 
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weight which is 1·eached t l"l·en ty-four h ours prior to onset of the next 
heat period . Iu the fowl it has been ~Shown t hat during the laying 
perivd the pituitary is heaYier thau during the moulting stage 
(Marza and Blinov, 193G) . For the mare Schopf (HlJ5) g ives pituitary 
weights at diffenmt stages of gestation. H e states that clue to diffe­
renGe::> in t he size of his subj ects, no couclus ious may be drawn from 
the absolute \Yeig-hts. \Vheu l'PlatiYe \"\·eigh t is t.be eriterion then it 
appear, that prq:~J I H111'.)' i~ aceompanied by nn increase in pituitary 
weigh t . ·whether Schopf is justified in assu ming that pituitary size 
is proportional to body 11·eight is Lluestionable. U pon this point 
no direet evidence is aYailnble, yet it must be adntitted t h at in t he 
results of Addison all<l Adams (1!J2G) some Gon ela.tion between body 
,,·eig·ht and pituitary weight is evideut. 

From a study on the albino mt, H erring (1920) conrludes that 
the effect of pregn:Hlcy is to r educe t he " ·eight of the pituitary. 
Hammond (1927) consid er::; the oestral cycle to be t he homologue of 
t he reproductin' cycle '"it h rlioeti!T1I m <·or-responding to the g·estil tory 
perio<l . If t his i~ the ea,.;e, Herrillg'-; vi e'r rel'ei,·es <·onfin nutioll 
Irom Andersen 's (1933) fincliugs . 

In the biteh (Wolf, CleYela nd antl Campbel l , 1!):):3), i11 th e ~ow 
(Cleveland and ·wolf, 1933), in the mare (Schopf, 1935) and in t h e 
sheep (Warhritton and MacK enzie, 1937) it has been shown that 
widely d iffering hi:;tological pictures are associated with the various 
phases of sexual activi ty . The changes take the form of qualitive a s 
well ns qua nt itive var iatio ns in the (;hromophil (·ells of the anterior 
lobe. The ehanges described in the bitch and t he sow suggest th:tt 
rlurin g pregnan<.;y a decr ease in th e si~e of t his lobe is to be 
anticipate d. 

2. The Ad1'enal . 

ln the a lbino rat the sex differences and the gTowth curves of 
the adrenals resemble clo;;e1y t hose of the pit uitary- (.Tacbon, 1013; 
Hatai , 1913). Barker (1937) finds that th e a drenal o£ the dog is 
lighter than that of the bitch . Mature females h ave h eavier adrenals 
t hau immatme bitches . In mice D eanesley (1928) dem onstrates 
histolog-ical differences between male and female adren als . 

An<ler::;en and Kennedy [ JD33 (b) ] show that in female al bino 
rats adrenal weight is very va riable, and t hat faetors such as age, 
body weight, sexual season aml t he presence o£ infedion must receive 
attention. They contend t b at bacterial infections of the lungs make 
for increased adrenal weigh t. Motow (1937) does nut ugTee with this . 
Rosenbluth and Gayet (1932) condude t hat t he adrenal is relatively 
stable, Loth in weig-ht and in a<lreni n eonteut , t o ('ha Ji g'e,.; in diet. 

Andersen and K ennedy (1 932) show that during- oestrum th e rat 
adr enal is heavier than ~n dioeslru m . This increase during oestrum 
is associated with definite histological changes, the rortex being 
increased in t hickn ess at this stage of the cycle. Nahm and 1l1eK enzie 
(1937) demon strate variations in the adrenal of the e_,ve. 

D ea.n esley (1!J28) finds that in the mouse the1e is associated with 
p1·egnancy a degen eration of th e inn er portion of the cortex, described 
by her as t-he" inner clark staining ;;,one". 
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H erring (1920) maintains that during p1 egnancy t he a.Jrenals or 
the rat are slightly hypertrophied. 'l'hi i; finding is criticised by 
Andersen and K ennedy [ 1933 (a)], \Yho m aintai n that the figm e,; do 
not sho''" any significan t changes. 'l'he latter a uthors, after reviewing 
:tll the availablE' literature, <.:oncl ude that t he (:aRe for preg-nancy 
hypert.rop hy or the adrenal has not been establised . 'l'hey admit 
that there is a possibility that all species may not r eact in an ident ical 
manner. After careful con;;ideration of ::ill t he available data th ev 
maintain that in the case of the hmnn 11 being, t he rat, the mouse", 
the rabbit all(] the cat , the balance of pvidence is ag-ainst such a 
hypertrophy. Their own r esults, in which relative adrenal weight 
i~ e mplo,yed, i ll(lic:de that eluTing 1ueg-nancy the a1lrenab rt'sew ble 
those of the dioestrus period , 11·hich again are lighter than the 
adrenal;; of th e oestrus period . During lactation a significant rise in 
adrenal weight is evident . 

.Mutow (1937) finds t h e adrenals to be h eavier at oestrus than 
during dioestrus. ·when he considers a combined group of pregnant 
and lact<tting rat>, a. 11·eigh t slightly aboYe th e dioestra l standard is 
obtained. This increase may be accountNl for entirely by the lactat ing 
rats in the group . 

3. The 1'hJ;mid. 

Andersen (1933) states that the great Yariability in weight o:f this 
organ is due partly to th e difficulty of dissecting it free from the 
surrounding t issue. Jackson (1913) sh ows that during growth the 
relative weig-ht of t h e thyroid ch anges, being- highest at birth. 
Zimmermann (1933) :;;tates that with innr easing age the thyroid under­
goes r egressive chan ges, the isthmus in particular being affected. 
OrY'.vall (1930) find s that th er e is a definite weig·ht 1lifferenre between 
thyroids from fem ale rats at Leipzig ancl from similar rats in Stutt­
gart. 'l'his may be a strain difference or it may be of dietary origin. 

vVith all th ese possible sources of Yariation, only exceeding-l:y 
large changes in the size of t he thyroid would be of ~i \,\·nifi e::t n ! · P . 
It is not smprising to find tha t Ander~en (19:35) co ndu(l !-'i:> that .~h l' 
is unable t o demonstra te change~ due to sexual season. 

Guggisberg (1933) maintains that in the pregn an t 'nnnan the 
thyroid i;; enbrgecl to su ch an extent a ~ to render the increase rlini­
cally detectable. H e state;; t hat although there is hypersecretion from 
the thyroid, this ca nnot be termed hyper thyroidism hecam;e the 
thyroxin con te11t of the maternal blood is not raised. 'l'he surplus 
secretion i :::; £or the use of the developing foetus, which , unt il late 
in foetal life, is devoid of its own supply. 

H ening (1920) claims to h ave shown that in the rat there is 
a decrease in thyroid size during pregnancy. 

4. Corpus L1.d eurn. 

It is no\\· ag-reed that this bocly should be r egarded as a temporary 
endocrine glaJHl. Its function has been studied iu g-reat detail. With 
this aspect the present paper is not concerned . Only its macroscopi c 
appearan ce " ·ill be consider ed here . 1' he appearance of the ovine 
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corpus luteum, both in the oestral cycle and in pregnancy, has 
been well described and illustrated by Quinlan and Mare (1931). 
The microscopic appearances have been reported upon by Marais 
(1936). .From these works it is learned that the corpus luteum o£ 
the sheep maintains its structure for a long time. The corpus luteum 
o£ menstruation shows its first signs of deteriorat ion shortly prior 
to the next oestrum, while that of pregnancy remains unchanged 
until the approach o£ parturition. The latter corpus luteum tends to 
sink deep into the ovarian tissue, especially during t he latter hal£ o£ 
gestation. 'l'his faet may be responsible for the statements of certain 
observers to the effect that the size of the corpus becomes reduced 
during the seGond half of pregnancy. 

From actual weights of bovine corpora lutea, Bergmann (1922) 
concludes that there is no decrease in size throughout the period 
of pregnancy. Kaltner (1923) shows that during the entire term the 
bovine corpus luteum Gonforms closely to the average weight of 
4·2() gm. Even at parturition he could not detect macroscopic 
changes in the size and appearance o£ this structure. In twin 
pregnancies he finds that each of the two corpora is smaller than 
the average referred to above. He maintains that the presence 
of dead, mummified or maGerated foetuses does not prevent 
degeneration of the corpus nor even the approach of a new ovulation. 
Hammond (1927) also finds that there is no change in the size of 
the corpus luteum during the course of pregnancy. He mentions 
that during gestation follicular atrophy is much more severe than 
during the sexual cycle . This tends to cause a decrease of ovarian 
weight, especially in the case of the ovary not containing the corpu,; 
luteum. 

5. The Pineal. 

No reference to the macroscopic: appearance of this organ during 
pregnancy has been encountered. 

(f) GENEHAL. 

l. The Situat·ion of the Foetus . 

From a consideration of the mode of liberation of the ovum and 
of fertilization it will be evident that the foetus should in most cases 
be situated on the same side of the body as the c:orplu; luteum . From 
the figures of Kupfer (1923) and those o£ Clnson (1934) it is seen that 
this is the case. In a small number of cases, however, "migration' ' 
occurs. This may take place via the abdominal route (Leopold, 1888) 
or it may occur by the internal or uterine route (\VanYick, 1926). 
This latter type of migration is not possible in mammals "·hieh have 
a uterus duplex~e .g. the rabbit. 

vVhen more than one foetus is carried, the corpora lutea mas 
be in one or in both ovaries. Irrespective of the distribution of the 
corpora between the ovaries, the foetuses are usually spaced evenly 
along the entire trac:t (\Varwic:k, 1926). Even in a case of uniovular 
twitts, H_enning (1937) found the foetuses lying one in each hom. 
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la cattle il l w ~ l;eell fou1 1d th at i. hl' :fuc·tus i~ car ried in t ill' 
right l10r11 1uon• ofte11 t h~111 ill l ite ldt (h e •f< ·r , UJ:f/ J. ( '1.\ rk (HI:lli ) 
~ h011· ~ th~il i.hi ,; i:> 11nt li ne to mon· h etptenl oYulation fro 1n the 
right OYUr.1·. I t ~lppt>ars, tlwrpfore . thai in l he bo,·iu t' migration 
ltSual ly OITlll"b fnmJ the lt•fl to the 1igbt hom. Clark fa iled Lo find 
ju sLifit ·a tiu n for t l11· l1eli d I h :~ t t Lter e i.-; ns ually a n·lai.ion8h .ip 
beblt' l'll t h ese." of the calf and lhl• hmll iu 11·hi eh it i s carried. 

J 11 i.he sheq J. du e tu t !I P prulonp:E'd pE' l ·~ isteJI!"I' of I liP corpu ;, 
lnte u111 , it i,; a silllpiE' 111:1 tte r to dPlennin e 1d1 ei.ltPr u1·ttla!i on ha s 
or· eli iTPd fron1 ~ d ter 11 :1te oY~Hit• ,; or nut . (J11inl:m and ~ i an· (1\:J:ll ) 
fincl th at 1L-ilWli y t ht· re i.-; altl' l"llntion IJ<cill·ee ll the i.11·o o1·ari1'R, hnl 
Llwl on o•Ta~ i on 1W lli <1tio 11 lll <.11· u<·t·tll· f11·ice o r eYI' II t hn •t• !inl et> in 
;; u c:n·~" i on lrunt fli P ,.; ;1111P ,,,·a1.1." . Hu l1l ( I !J:! :) ) me nlioli S the fad thaL 
in t ht· hlllll<lll hPing <tf!t•r unilale r:d m· ~1 ri ulu m y th1· lt·ngt lt of th e 
<ii 'Sllal ey t·lp is 11n l douhl Pd. Thi s . he "taLe,.;. iJHli t·<-li es that Lhere 
i ~ 110 in lu•r e11 i llll'l" li <tDi .-; 111 lHt 'l.t' liling :< ll l"c••,.;si l·t' o1· uLilions from 
I he Ramt• ova~y. 

2. f~'fject; vf Ur'stotion 1111 .ll atetnof TTlc lght . 

ln ,. ll''' . of t hl' scaiTity of dab un preuatal g ro1dh . some 
lUY P,.; I igato rs (e .g. naw;dale , E ll ing il llll Brody , UJ:!() ) haw at!Pmpted 
to g-auge foeta l <len· lopn 1Piti l1.1· not i ug I he i II!T t•a se~ in IYE' ight of 
preguan t r·o \YS. 'l'll i,.; met lw ll :~ t lwo;i c ~1n but giYe an intli.cnt iou of 
th e growt h of t h e 11 holP fo eLd s.Yslt•m. whi .. h it< lll'iflll' r E' qual n or 
proportional to fo l'l al g umth. 

B:nl lett l lH:lG (/1) J state;; I ha t in espPrim en tu l 1\"llr l; on pregnant 
c;O IY S it i:; often HPI. I'":<ary to lH• ab.lt> to app ly a co rrect io 11 for foelal 
11· eight. ITe i~ of opinion that I ltf' on ly i ncrenst• ill weig·h t of lllature 
pr e g- n ~m t CO\T" is t hat rh1 P to th E' fo pta l s.\·stt'lll, 1Yl1ile .in il lll ll<lhne 
CO\YS therP is :u· l ual gTOIYih u p to t ilt' fourt h n1onth of g e'stati oH . 
Tht· fonnPr cla ss 11·ill n·gai11 its s!' n -i t·t • ,,·E' ig h t afte1· pa1lu1 itio n , 
~~ · hilt • t h e fa no1Y \n•ight of t l11' inunaturE' Co 11· is the sa me "" tlwt 
Rh011·n at lhe fnurt i1 tno nth oi" pregn~11 11· y . 

H efp rpnce has "l r ea<h· Let·n 111 ~ 1rl e to ( 'ursn11 ~ tml ::\J :1 hn 's ( l!):lli ) 
treatment· of t il t-' we ig· h t ;Jf t li t• g r:JY.id ull'nJ,; :1 s a p erc t• ntng·<-· of th e 
n ett I iY e 11·eight of th e ewe. 

CHAPTER 3.- PLAN OF INVESTIGATION. 

(a) :.LnnUAL. 

Apart from a fp,,· rPfeu·nce:::; i.o so n1 e o l' t h e nwl1· r ia l alrend1· 
r epo rle1l llj)Oll h~· ( ' tl rzo n and ::\InJun , t h E' <lala fo r th i:; p:qll'r <ll :t' 
rl er i n •tl enl irel.1· fn11 11 oh~PrYal ions up ou a s<· riPs of l' IYP,; sl aug· ldPrPcl 
at ( )nder:;tepoort d u1·ing tlH' period Apri l to X Ol"l' llli lt' r, 18Ti. 
Th~'"l ' s li E'P p, (·y p.ica l :.Me rinos , 11·pn· drafter! fn nn tlte ~~ ~ · ~1i L th i P ±lot·k 
on lhl' r e"t·arch ,.;tation at Enlll'io. 'l'ran s , · :~al. 'l'hP mei lwd s of sh et'p 
husl >:tndr.Y 1na..ti:;E'd ou this Ltrm <~re <l t>,;nihPil h.1· H ollmnn (HJ:VJ) 
antl Houx and ll o:ffm:ll l (191:-J ) . l n forlll ation rrgarclin g t he 
phy ;; i.ography of th e "ta tion a ntl il s efft>d on :'1Ieri111t ,; l1 eep .i -; gi1·t>n 
by H.oux (193fi) . 



l'HL'\.1 I'AL G:llO IYTil IK THE .I LElU.\'0 SHEEP. 

The known ~e:xual history of the e11·es has been arranged m 
tabular form (Appendix- A) . As the PIYes lw<l no t b een kept under 
constant superv:lsion from the time of attaining sexua l ma turi.ty, 
i t is certain that mall,. occuJTencPs of ot>shum are not r ecorded. 
However, the infon1~a tion l'Oncerning preno us sernce;; :md 
pregnancies is comp letP and accurate. 

Regarding t he sen·i<·e of the l'\YPs, t he '· con troller] · ' met ltod 
(Roux and B offlllan , HJ:l5 ) 11·as practised. " 'l'easing " ,,·as carried 
out twice daily an< l serY i u~ 11·us allo11·ecl soon after the detection 
of oestrum , :1nd again t.11·ehe hours later. vYhere an e,,-e ,,·as still 
willing to sbnd for the ra111 at the next testing (i.e . .24 homs after 
the onset of oestrum) a third ~erYire wa s a 1lo1Yed. 

Four ran1;,; were em ployerl tu ~Pne the E'IH's. A ll \\·Pre typic·al 
sp ecimens of t1H~ 1'Ieri110 hree11, of mature age (aho nt six yea rs) 
and of fairly uuiform size (around 140 lb. li1·e 11·Pight). The nuns 
·were used at random , uo attempt b eing m:11le to mate a Gertain 
ram to any pcutiGcd:n· eiYe, nor 11·e re thr• t11o conse1·nh,·e services 
of any ewe m·ressarily gi,·en h•,- t hP same ram. 

Most of the ewes were t<>s terl daily for 22 days fo ll owing se rvlf' e, 
and where oe~trum reap pea reel it \YUH as-; mn<·d t lta t the ewe h a 1l 
failed to conceive . lu the case of those e\Y es J'eq11irerl for the study 
of the earliest stages of pregnancy th is testing '"as impracticable. 
vVhen slaughte1·ecl, many of these e1YeS prO\-e rl to be llOH-pr<>gnant. 

Soon af!:er completion of the tes l-ing (or, in ra ses where no 
testing was l;aiTiecl out , won after service) the e'II·Ps 11·ere rail ed 
to Onclerstepoort , where ihey "·ere placed in a small camp 
(100 x 50 ft.) in which a good water-supply was ah:1 ys aYai lable. 
They were all o"ed the ration * usu ally feel to s lteep at this In stitute. 

At first eac lr sheep '"a' weighed once only , i.e . .iust prior to 
slaughtm·. Ho'llever , it was later decided t o weigh t l1 e ewe~ at 
weekly intervals, thi c; taking place at 11 a.m. on )!onrlay mornings . 
The ;;h ee p were not starYecl before bein g \\·eighed. 

Although th e ewes \\·ere se lect1-~ rl :li: l'a nclom, tlw,v \\' e re 
theless clrafterl holll a flock of fairh· uni form sizl' a111l age. 
rPsult t he ewes of Hrc e.xperimen:tal group sltrmed hut 
Y< lriatious in these respect~. 

never­
As a 

slight 

H arl tlte 11·eights of the e11·es at t·he time of :oen·il'e been anilahle, 
it wou ld han· h Pf'll an P<I S.Y mutt er to t·Pst the gro11p for 1wifonniiy 
of weight. A~ tltere were <liftt>rc•nr·Ps in coiJrlihon (fatH ess) it can not 
be claim ed that the 11·eights "·otilrl haYe he<'n a true index of .-; kelet:tl 
size-the fador which is of itnpm-ta.nce in the r1etNminatiou of Rize 
of the fo etus. 

It was rl ecirled to make use of brain weig·ht as ;m indication 
of size. lt Jnu,; t at once b<" pointed ont t.1wt there i::; no ilefir1ite 
authority for thi;; p rocedure , a11rl that no unr1ue inipodanr-e ~hould 

* This is as follows: - Ro11ghage :tlwavs a.vaiL1 hl e in r aeks: t lb. of m:tizc 
per sheep per day. Gree n feed or , wlt e n t his is not procurnhle , lucnn e ha .v t \\·o 
Ol' t hree t i lllcs per wee k. 
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be attached to it. However in the human being it is known that 
the brain reaches i ts full est development relatively early in life 
(Scammon and Dunn , 1922; Kappers, 1936) . 

By compari.:;on of the respective life-cycles and the ages ~f 
sexu al maturity, it is estimated t hat in the sheep brain we1ght 1:; 
likely to h aYe reacher1 its maximum at the age of 2~ years. There­
fore,· in sheep older than 3 years, but not yet " aged ' ', brain weight 
should not be affected by small differences in age . l~1.uther, it h as 
been shown in th e r at that the coeffici ent of variation of the brain 
is co nsir1erably lower than that of most organs · m· of the body as a 
whole (Jackson , 1913) . It is eviden t that from day to day the 
brain weight of an individual is not likely to chan ge in the same 
proportion as the body vveight which, especially in the ruminant 
[ Bartlett, 1926 (a) ] , is sub ject to la rge daily variations. Kappert> 
(1936) states that in the }lUman being body weight and ·brain weight 
are correlated. It is felt that these facts go far to justify the use 
of brain weight as an index of body size. 

In Table 1 ar e given the mean brain weights of the ewes when 
placed in monthly groups according to the stages of pregnancy 
reach ed at the time of slaughter. 

When te~ted h:'> Fisher 's (1936) " Analysis of Variance " 
m ethod these figures show no sign ificant differences . 

'fABLE 1. 

====~-===·----=-~-==============~~====~~~==== 

GROUP~ OF EwEs. 

No. Class . 

No. of 
Ewes . 

Mean Bra in 
Weight.* 

· ---- _____ . _____ , ____ _______ _ ___ __. _ ____ _ __. __ 
l. ... . .. . . ... . .. . . .. 
2 ..... . .. . . .. . . .... . 
3 . .. ..... . ... ...... . 
4 . . . . . . . ....•... 
5 .. . ..... . . . . . . . ... . 
6 .. . .... . .... . . ... . . 

I N on-prcg .... . .... . . . 
l st m onth .... .. . . .... . . . . . . . 
2nd month ..... .. . . . .... . . . . . 
3rd month . .. . ... .. .. . . . . . . . . 
4th month . ... .. . . ... . . .. ... . 
i'ith month . . .... . ... . . .. . . . . . 

* Weig ht in Grams . 

11 
12 
8 
6 
7 
5 

l07· 73 
104·42 
103· 25 
106· ]7 
107·43 
104· 60 

In 'fable 2 the con cep tion ages of the same groups of Pwe,; are 
treated in a similar manner. Again the differences are insignificant . 
From these tests it is con clud ed th at, although the ewes did show 
variations both as regards size and age . the effect of the randoru 
selection was <;uch as to spread th e differences evenly throughout 
the six groups, there being no " prejudice " in favour of any 
particular group. 

All details regarding dates and times of service and o£ slaughter 
are to be found in tabular form in Appendix A. 
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T _u;LE 2. 

Ages of E u·cs _ 

G-ROU l'S OF EwEs . 

No. Class . 

1. ... . .... .. ...... . Non -prog. . . . .. . . . . . 
2 .... . ....... . . .... . ls t month .... . . .. . . .. . ..... . 
3 .... . ..... . . . 2nd month .... .. ...... . . . 
4 ..... .. .. . ... .. . . :; ,-d month ......... . . 
5 .. ............... . -tth month .... . . . .... . .. . .. . . 
6 ..... . .... . .... . . :ith lll011th .... . . . . .. .... . . 

* Age in years . 

(1) Collection of Data . 

::'{o. of 
Ewes. 

11 
12 

8 
6 
7 
;) 

)i'e&n age* 
of Group. 

3 72 
3· 7fi 
:3·60 
:3-67 
:3- 6:l 
:3· 77 

Imme<liatel y hdore slaughter i he ewe w as weighed and a clinical 
exmnination 1Yas made. Age IHlS d etermined ar·cording to t h e teeth, 
while the <legn·e of d evelopmeiJt of t h e mammae au cl of en largement 
of the abdomen were J etennined both by visual inspection and by 
pa lpation. Th<"l the ;1uim;d w as p lac-erl on its lt>ft si rl e and wa s 
h eld firmly while its throat 1Y as cut and the sp inal cord severed. 

Immediatrly after death the mammary g lnnd \\·as removed; the 
8kin wai-i i n r ~ i sf'd transYersely in thP reg-ion of th e umbili cus anrl the 
g·land W<l S l oosPJJPcl hom t he abrlominal 11·al l ; :<tits caurbl border the 
m::unmary vessn ls WPre <",aJninP<l b Pfore bei n ~· cut throug·h. -\'VhPn th P 
m·g-au , t ogPther ITith its lymph gbiHb, h::1tl b een freed , the incision 
t hroug-h the s kin \\"<I S continued a long- t h e r ~ ircum-£erence of t he h asP. 
The gland , 1·enwved with i ts coyering- skin, 11· a s lai<l flat on its h;t SP, 
and lefi in a cool plan· nntil its r1dipos l' tissue h:td ;wt. 

Meanw hile, avoicliug rolli ng of lhe earcase, ::L~Kistants h a <l 
r emoved the skiu :t n cl had in st·rLerl hoo J,~ into the loin~. thn v.-ith en; 
and the nl'ck. By mea ns of thPsp I li P e:ur·a;;e was supPnderl in 
imi tation of ih natura l sbn din~· posh1re . 

Th roug·h s lit s in tlH· fLtnL the pos ition s of t he ru m1·n , thP intes­
tines, ihe ul.ent s anrl t he OYa r ies "·e n• ohs<·rvP<l. 'l'l1P p;asLro-int·es tinal 
traet wa,.; rPmo,ecl <lnrl a no t 1· ,,.,t s m:t<l e of th< · <lppear:1nce of the hroad 
ligame nts <t nd 11 ter in e Y<• fi:-: <·k 'Jlhen th<· e nli n· lract (plus t h e :mu s 
:n;<l par t of thl' r cdmn ) 11·a s h<ln .~Fer n•d lo <t mP .~ h - < · oyerP<l fr:llll <' 
whil"h fi t te<l acctJ J·; ti ,•h - oYe r <Ill t• twnt el tnt\". Y:trioll~ si>(PS of fnllll t' 
ani! h<t y 11·ere 11 sed . ~nrl l li P ~Yl'ight of ea"r-11 sP I \Y;t S knll\1"11. 

* In sOJlll' i ll' tmH·cs it 11·a s n c•ecss:~r.'- (for t il e purposes of " diffe rent 
i nn·st ig:1tion) tu 1n .iect i 11 to til 2 hd i f0ron .s si 1111 s a sol 11tion of gelatin c-
colourecl ,,jt lo Cic>nJ sa. TI 1P injcdion 1ras r·>lrri<' cl ont imli Jl'di atP iy a ft0r 
remonll of t he glaud. T he• qua nt i t_,- of Jluicl injected as "·ell a s its sp ecifi c 
g r a ,.jt~· 11·a s 11 oted . 
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The adrenals and the thy roiJ gla u(l 1Y e1·e r emoYell , deane<l of all 
Hdherent t issue and weighed. By t his time au assistant ha d opened 
the skull. 'rhe braiH was nJmoYed ·in its membrane~ and ~~· ith the 
hyp ophysis in Lact. Afh·r the meclulb oblongata had been se r ere(l 
tnt JJ SYersely at t h e point of LliYe1·gence of lhe r es tiform bodies, t l1 e 
m emlll"a ne~ \Yere earef ully st ripped oft :mel t lw b rain ''"a s weig·h eJ. " 
B oi h the piiuitary and the pin ea l ''"ere nJmoYed. cl eaned au<l \Y eig·hed. 

__ ... ___ _ 
f 

Non- Pregnan~ nom Pregnanr horn 

Vagina (Laid our fla0 

Pl ato L. - Hho11·in g t il(• m ethod of llll' aSH ri ng Lhc u teru s and the vn g ina. 

After thi s the genital trad ''"as ag-uin cn ns idcwPcl. T he r ectum, 
th e bludd er :1 uJ all loose ti ss ue wen ' remoY d aml the skin fin d 
museu lar t iss ue :tround t h e v ulvG 11·ert> trimmed, car e being taken i.o 
ensure un ifonuity i11 all ca~es . Th e Y:tgina and the Fa llop:ia.n tubes, 
nw~osalpi JJX awl oYaries \Yere <l eb eh ed , thu s l eaving· tJ1e " dreRsrd 
uterus ", i.hl' weig-h t of \Yhil'h 11·:1 s t h en r e('ord ed. (ln t his, fit> in 
,Jl l :;imibr proePclures , th e h:1y "·a s phced 011 ibe se: :d e, and th e 
weig h t of its eonlmJt :; obtained hY d P du ct in~r fmn1 the r ecord ed -fig·t Jre 
th e w r· ig bt o l t he tray and h:tme.) 

Th e Yagina " ·a" 11·cigh ed and , h:n · ing· been ntt longitudinally in 
the micl-d0r~:1l lin e, \Ya s laid out flRt :1od its length ;m1l wiclth wPre 
m eas ured a · indicated in pbte l. Tn deh· rn1ining· ihe thickness 
of the vaginal wall , which \Y as m eil sund 8t the mi ddle of t h e IPng·th 
lill e, the loose nch en t iti"u" ti ss tH' on ih ou1Pr R1Jrf:tce "·a~ noi ind11dt·tl. 

--- -----------·-----------------------------------
* H er1• t .lil' weigh t of th e smnll piec e of bone- dors11m ~ell:te of th e 

sph e noid-wh i(· h li es lwt 11·ecn t he brain :tn d the hy pophys is. " ·a s im·ln ckd; 
h o11·ev0r . tltc r f' latil' e t•no r is n eg ligible. 
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E aeh Fallopian tube, lun· ing been freed holll i Ls m esosul vinx , 
wu,s weig- hed. T h e length 11·ns nwasured and at t he mid11le of thi~ the 
diameter " ·as taken . 

The oYa ries were e lt•;m ed <1 ud " ·er e measured us fol loTI·s :­
L f:'; Jgth (i n :t cr;J uio-raucLd direction) , 11·idt h (hom si1l e to :> i<l e) illl!l 
d epth ( in ihe sagittal pLw e) . J n e:1 ch Utse the m<~ximum m easurement 
wa s r ecorded . The p r esen ce a nd <ippearanr:e of Graafia n fo llicles and 
co rpora ln tea wer e n oted anrl t he11 1.-' nc h o1·ar.\' 11·as 11·eig·he d. 

Attention w a s IJ 0\1. tnt.n sfE'n<· d io the gravid uter us . Th e hroad 
lig-am ents " ·er e SPYered iu sudt a 11·ay as to allo\\· of the o rga n bein g 
laid o u t as i llustrated in o utlin e in plate l. Using a piece of tiYin e 
the le ngth s of the gTeater and t he l rs;;er curYatures aud t·he r:i reum­
ferenr:es of the h orns 11·Pre Jlll'asured . (S ee pla te J. ) 

Star Ling ho n1 i he tip of <•:1 c h horn , and usi 11 g- sma II hlun t-n ose1l 
s1:isso rs Lo ;n·oid injury to t he unrlerlying· ~ac-s, the uLPrint) wall was 
in 1· ised a long t h e g-reatc•r <·ur·Y: th tn•s . .Ally s train on the .rn embranes 
d. ue to their l'oty leclouar y aLta t·lt m<:n t s " ·as relievPd b.v <· tt U.ing· thr o ugh 
t he p <·d uJldes of t- h e m:d ern al ('Ot.d eclons . In tl 1 i ~ 11·ay t h () uter us was 
op e ned completely, l eaving- th e r• n ii re foeta l system e.'\posed. 

At th is j uncture t h e si tuation and th e po~ture of tb!:' foE't us (visibl e 
thr-ough t he membr.t 11 es) IYPre not<·d , a ,; 11·ne tletaib of th e app1-:ar:lll ce 
of the allanto-ch oriuu , the placen t a and the ut e ri11 e nnH·o,;a. 

After colle<.:ting* some a llantoic H uid for cheru ica l analysis, the 
a llanto-cborion 11·as slit op<'n a nd the fluid \Ta s r~llowed to escape. 
T hen the lo . .;s ot wPie?,·lr r was rldenninl' <l an<l frolll t h i,., :1 ncl the 
;; peeifi1: gravity ( det l'l'l;l in ed i n conn edio n wit h the chl'mi 1:al investi­
_Q·a t.iou ) t he vol nllle of alla11toi1· fluid was calculated . Thi s was 
rep eated with tltE' runniotic fluid . 

.A h er :1 <louhle ligatur e had b een applied a t its foda l Pshemity, 
t ill' u n tbil ica l coni IYa s sever l.-'<1 a n d t lw fol'tu s re nlOYt·d. After the 
a!lh Pn '!lt m UC'lS a nd Hlllnio t ir ·Auicl h:~d h E'E'll n1hl Jl'rl off i t~ t·oai t h e 
ludus 11·a s \\'l' ig h l.-'rl. The n i s wa .-; placed on i ts r ig-ht si rl1:, with its 
ue('k :1 rHl ha• ·k in tlte ~amP s t ra ight lilH' nn d 11·ith t lw l o ng :~:s:i s of 
th <' lll•nd <lt r ig h t a ng-l<•s t o this l ine . ( ' ) B oth t h e s t. r:1ig-h t :1nd the 
1· urved t·.nnY n-n llnp len g-ths 1\'1.-'fP nlf':lsurerl (a~ s1HJ\Yn in pl:l te 2) . 
Al' ter thi,.; t h t· foetu s 11':1:-; pi :l l'! 'fl in a H:! t-hoHOJlH·rl rlish in t he post-ure 
rl<·sl'.rihed abon" and \1-<l s c·on'J(•rl 11· ith fixing- Auid. l<'or fod tr::ws und Pr 
t lw ag-e of -I-!, rla_n; J>rofpsso r fbrt s soiutioll (2) 11·a s usl'd . ll'hile for 
a ll othe r;; Llw Hu icl t'Hlp lo_Y< ·d 11·a s <l 0 ;wr rent . so lution of neut r a li zed 
fo r mal in. J<'oei uses \\·p re <l ll tmed to l'E'lllain in th is tlni1l for ::1 f e11· 
wet~ k s . 

* I n orde r to obt:tin lluicl l'rPl' l' r tllll :tiiY l'll ll i :tmi n nt ion or :Himixtu re. it 
wa., ll'il h dt·:~"· " t h rou i-[ lt n lt-'·pod ,• r llti<" ll (' C'd le in s<•r ted into t lw S:tt·. 

( t ) I n 1' ( ' 1' .\' yo u11 g l'oe tuscs t hi s \l' :t s lllitcl e imposs i i>lc 1,_,. t he c·•t n ·atu:<• of 
t lw body " nd n eck . I 11 tltC'St• <" :l~t·s i It<' n taxi Ill !l ilt s tt·a ig ltt tll l':t ' "' E' llll'll t w a s 
r e<"n rdc d as t it <' st r aig h t <· r o\\·n - rutll p il' llgth. 

(") X l' lltral ised forma lin :l()lJ <Till. 
Rocl iu m c ltlo r idP 1,) !!Ill. 
T:tp ll':tte r 9./UO ;Till. 

'.L'llll n e utrali sed fo r mnlin is p rep:ned l'ro 11t t·ollll11l'l'Ci al fo r m aldPh.vd<' (40 
per cenl. s l re ng lh ) , to J.O(lll C'<"lll. ol' ll'i t ic- h is :tclclC'd 2 t'C'm. ol' a ); 10 solution 
of c·ans tic- potas h . Tlw p n•c·ipil:tt <' is fil t er<'<] oil' t ltro u g l t pulp. 
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Hy rcpl af·(' lll ('llt of t h e nJ cmoranes upon the utl'rin e \\al l lht• 
llelac hPd <-ol.Y !('(Ion s ,,·e re r eLurm·rl to tl1eir orig·in al situations. Jh 
sen· riug- t heir p l~li"PnLd nlh t<:hll1i'Ht:-; flu ,Jl ,._[til tht· ~ ttr!"<ii"I"S of tit·~· 
lUUI.ernal <-otv lcclons, th e m embtanes ,,·ere r emu1·e1l and " ·e ig-h ed ;1J1 cl 

thei r volume was ddermin ed by t h e di spln1·emen t m ethod . It will be 
noticed that the 11mbilical <-o rd 11·as i nc luded 11·ith thf' foetal eHYeJ opcs . 

After th e weigh t of the empt~· uterus (i.e . t h e \veig-ht of the 
u te rin e \\·all pln,.; that of t!te pb(•(:'Jib) hall bern udermi.ned. tlw 
number of c-otvledons in each half of the u terus W<IS coun tPd. Fm 
Lhis purpose the lin e C'- J (p!ale 1) was taken as t he di,·isioH bet ween 
the two h alves . 

-~----- - -- --- ------

/ 
/ 

c 

w 

Plat e Il .- lllust r nting tho foetal dime ns ions nwa~Hrl'd. 

The minute, Ye ry pnl e a11d nun-fun ction al cotyh·dun,.; pre:;e11t in 
the t ip:; of Lhc t;OrJILW were n oL I"O\Intecl. In enl"h horn thP n1aximn 111 
ilL<Illlet eJ· and ]I eight both 01" t hr brg·est anfl of an ilYf' ra ge-sizPr1 
~;otyl edon Yl"ere meas ured . J n subject s p regnn1d fo r ,-, ~) rLt_,·s o r mnrP 
t ltc cot_ylf'rlons " ·ere remon'cl from t lw 11terin e \Yall \,_,. l"n! tiug thP 
llliH·o~alpe ncl u ndPs, <l ncl their 11·eigbt· and Yo ltilll e'' \\"1'1"1' de ternti nPd . 
Then t he ute1·in p wall was \\·r i g-hPd. after wJ ,i(" h i t w;ts ag·a in ~trd1 ·herl 
o11 t an r1 i he cp n ·ix \\·;t s OJw ner1 h~· a long·i t 1111i 11;tl in1·i s ion . 'l' l 11~ 
pro<-ellurC' for 1let<>rmining- th e len p:ib . ll"ill th aull t,lt ir·k ness of t he 
ePr v.ix " ·as s imilar to ih<~l rl esr-rihell fo r the Yag·ina. Xotrs 11·e re 
marie of th1· amount ancl naturP of t h!' Jtnwus contnin e<l in !lw U' l"\" l l"<il 
can;tl . "hil e il1P appear:ml"e of t h e Pllt :surfa r·e \\·as also Jecon1ert. 
'l' lu~ lr•ug-th nnd t hi1·kn ess o f t hP h od y aml !1w thi1·kn Ps~ of tl1 e \\· al l 
of ench of th e ·h orn~ of the utPTUS " ·pre m en ~ure1l . All the pointe; for 
measuremf'nt ar e inrlil"a(erl in "Pb!e l. 

* By the dis pln ce nJent nwthod. 
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TI ,v t his l ime tite adi j)O ~e tiss ue i n th e Jl1[llllJYWl',V g Jand had sd . 
[ JL n·moving the coYeri11g skin lhose p udiou ,.; t•nclosing lhe leats 
11·er e le ft in positiou. 'l'he 1n•i g ht of t h e g la nd 11as delennin ed a nd 
wbne Jte l·eo S<ll'.)' t his 11as corrected for the \\·eight of inj edir)ll l:h1 id 
present iu l ite lacti f" e rou ,; simi :'. 

] ,atm·, <IS tim e p<•r itLitit·rl , t11e presen ·l'd foet 11 ses " ·e re s t udiecl. 
l'lw <· rmrn-rumv l< ·ng-tlts 11·ere 1·e-nwas ured to det er llline ll"h eth er 
s lu ·i uka gP lwcl ou ·une <l. I 11 no in-lalll e 11·a s <Ill Y <llJ JH'I' Ciahll' 
differ en ce observed . The dinwn sions li sted ;~ud i ll u c; tmh·tl in PLi te :2 
\\·e r e m easurl'd. T ltPII th e t•xtPrnal app<•antiii' P of i hL· fodus ll<t s 
stLulic<l , speci;tl :tlt e n timl h eing· d e1o ted to 1\w <tppear<tJII' I' of hair 
a nd the development of i hP <t ppr'JI(bg e,.; . 

2. 'f'r eol mP?tt of t!te lJolo . 

A gl<tl tet' ai t h t· t; ,b \es u1 t lt l' <l ]lJl Pll d is ,,· ill indi•·•tle tlu· 
Y<lriahi lily of 111ost of t h t• dala n~ l<ttiug to t he gPlLlt.alia , l ite fluid ,; 
a nd t he e u1 lot·rin rs . ] 11 onlPr to miuiD tizt • ll1is <llld to nrrive at 
,.; illlplt)r indi catioll s of ! ltl' gi 'O IYth Jll'OCPS'ie~ invohPtl tJ1e data wert~ 
gro nped into ~ i x m o n l:hl_y g- nmp:; neconling- to t h e s tage of 
pregnancy (tl1 e non -pregn<lllt 8\\"E's b eing eo ns i1lerell to hP U m onths 
preg·Jl<ltlt. T l1P J ll (-•;w ;; tor t he f_(T O \I]l ~ ll' er e c:dr·uh.tc>d , a n tl thP~e 
\I PI'l· thr•rt h ':;te rl b y L<' i sh eri1s (l !)::n) '' A1wlys is of Vari:lllce" u1 ethod , 
th e Z-t es t l1eing employetl l o d etermine l h e existen l' e of :; ignifiea ni. 
rlifieren l' es, " ·h i le the s i gn ificanil~· diifering groups wen• pick ed out 
by mean :; of t he t - tes t. 

H er e it m ust lJ P n ot ed t hat due to the ron ti n11 01t s nature of 
growth th e d iffer·euee;, 11·i thiu groups are n ot purely o f an exp eri­
mentnl nature , h ence the acc:urncy of the t ests i s impaired. 
However , as the effed of thP PITot· i s to obsc m·e s ignificanee (h y 
increa sing " SD for a single obsPrvation '') ihr; Tes ttlit; i n the present 
work 11i ll not suffel' [l(herse l _v. 

A s stall<bnl s for s ig nifi can 1· e \\' er e tak e n the Yalue~ of Z a nd t 
when P = 0 · 05 (i. e . 5 per ce nt. prohahilit)·) anrl " ·bpu l' = 0 · 01 (i. e. 
1 per cent. probability) . A positlYe re:;ult a t !he fonne1· l e1·el (w hi< :h 
already indicates d efinit e siguificanl'e ) i ~ indicated b~· x , while n 
:< imil:-:1· r es ult;;( t h e higl1 er l f'Y t' l of ~ i g ni fi t·;I I IL' P i~ in<1i(':ti t~ tl hy x x . 

Tht' l'Olllplete d;da are g· ivt•n in :1 :.;pJ· ip,; of tab l e~ in t he a pp r•ndix. 
T11 tlw tt•xt o n l.v fli t' m ea 11 s for t i1P gro nps a r e m e11tion ed, these 
fi g· urec-; be ing e1nplo.n d in t hP graph s a s " ·e l l a" t hP i<thl es. J n t he 
latt l.'r :tre indil'ated t l1 e JIUinb e r of eael1 gnmp , t h e clastl (or 
rl e,Qc:r ipti m, ), and t·h e number of e 11·E's in t he gro up. T lwn th e nt ean 
for tl 1e gr011p is "ta terl, a n rl this is fo llo11·Prl b)· ihe results of t h e 
tests for sip:ui fi eauc e. The latt er al'P '..(' iYen i11 two columns, the 
fi Tst s howing tl1 e re~ nlis \\·h pn Pach gro up i . .'i i esle1l aga in st the 
non-p r eg- u<tn i. group, \\·hi l e i h e s<•cond in !li r-ntes i h e re-; uli s of testing 
Par-h group ag-nin:;t t-lw on e imn1 e tlia tely p reeerling- it. 

In ihat sPe tion dea ling wit h th e foe t us t h P proc erlnn· o11tli il\'rl 
a hoYe was Hot followed . Details of the frpa tnwn I in i. his , as ,,. '-' 1l 
as in a few otl1er· sp ec·ial instances, an• g iYe n at th e ap p1·opriai e places 
in the t<~xt. 
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T he last point to l1e considered is the method of estimati11g· 
the age of the fo etus. As t es ting for " heat " was carried out m1ce 
every twe lve hour~, the " most probable" time of ou~et of oestrulll 
was taken to he six hours ea1-lier t ha n the tiwe at 11·hi ch it:> presence 
was deteded. As the services were r egul a ted so as to ewnrre the 
presence of large number s of active spenn s in the Fallopian tubes 
at the time of ovulutiou, ferti lillation wa~ presumed to occur at 
the thirtieth hom after t he onset of heat. It will be seen that t his 
time is determined with g-reater ea~e by simply addiu g twenty-fum 
hours to the time of r1 etedion of " heat " . 'l'he age of t he foetus 
was calculated from the time of fertilillation until the tin1P of death 
of the mother, and this figure was then appro:xiuwtec1 to t he neare;,;t 
full clay. 

CHAPTER 4.- 0BSERVATIONS, 

(a) GENITAl, 'l'ltACT AND PLACENTA. 

1. V ag1:na. 

ln order t o determine whether , during the course of pregnancy, 
th ere is definite growth of the vagina, the weight of this organ must 
be considered . 1'he mean vagina weights in each of the si.x monthly 
groups are presented both in tn bular and in graphic form (Table 3 
and Fig. 1). 

vV e1:ght of T1 agina . 

Guours OF EWJ;S. SIGNIFICANCE TES'l'S. 

No. of Mean Vagina 

I 
E wes. Weight. 

\V. Group 1. 1 w. P reccd. No. Class. 
Group. 

I 

G ran1. I I 1 Non-preg . . ....... ·I 11 22·45 - -
2 l st month .... . . . _. 12 22·25 - -
3 2nd month ...... . . • 8 18·88 - -
4 3nl month ... . .... . 6 

I 

24 · 83 - -
5 4th month ..... . . .. 7 27·20 - -
6 ;ith month ....... • • 5 35·20 XX X 

---

The most stribn g featm·e of tl1e tabl e is t1nL :IJ:art from thP 
in<;rea se in the last mouth, all the variations are in significant and 
ma.v be du e entirely t.u ch nn<:e. 'l1 h l1 S no in1pori"ance i~ to he attached 
to t.he drop in weight in the second month. ·\Vheu i hi .~ i,; <1i ,; r eg:mled 
it appears tlwt (luri ng lhe first h alf of 11reg-na11(:y the "·eight of 
the >"agin a remains mu·h:tllg'e(1. From t he third Hwnth on\\·an1s 
there is to hr l1 etected nn upward treml whidl, hmYeY<'r, ber·omes 
deflnitPly signific;nnt in the last month only. By the end of gestat ion 
th e mNm Yaginn ,,·eight ha s rea ch e<l a level 50 per cent. aboYC thnt 
of th e non-pregnnnt QTOup. Of this inrrease alm ost 70 p e't cl'l?f. 
is add ed during the b si: month , the r Pmaind er being: accounted for 
hy the small hut rmm:latin imre:.N's of the third and fnurth 
month s. 
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Fi ~-; . l. - \Vc ig ht of Va g ina. 

~~110~---------~--------~--------L----------L--------~~---·-
2. .3 5 

-·-L--------------------------~--~-------------·--------_. 
Mont-h ::, o f Ges·~·a\ion. 

Havin g- JeJliUll· ~ trn te(l a11 inr-rease in Jlta ::l, , one m;~ y null" eon::;id er 
the dinwn sion s of 1he vag iu<1 11·i t h a -,- i ew to d etermining t he manner 
in whi ch the additiona l ,.;ubstanrP is di sl.rihu ted. Length 1s 
co nsidered in Tahl r 4 and Fig . 2 . 

No. 

~ 

3 
4 
fi 
6 

GRO UPS OF EWES. 

Non-preg . . ... .... . 
l st month . 
:2nd month .... .. . 
3rd mont h .... .. . 
4th month ....... . 
5th mont h . . . ... . . . 

T ,\TILE 4. 

L ength of F(lg/na. 

No . of 
Ewes . 

ll 
12 

8 
6 
7 
5 

}fean V agin<L 
L E'ngth. 

Cm. 
1.0· 73 
l1· ()8 
11 ·60 
13· 33 
13·4:3 
1fi·60 

Sro.- rFICANCE ' I' E STti . 

W. Gro up W . P ro cod. 
1. Group. 

XX 
XX 
XX XX 

...:.._ ___ ____ ...:.._ __ ----------- ---- ---
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Apart from the ab:senee of a ilrop in the second month , the 
general trend of this graph is similar to that of Fig. 1. Again 
there is little or no change in the first three groups, fo llowed by a 
definite increase in the fo llowing month~. However , ·in its earlier 
stag-es the upward trend here is fairly d.efinite, "'·ith the r esult that 
the total increase, far from bl"in g· practiealJ y confined to the last 
group, is spread more or less eYelih' over the la st three months. 

Fi g . 2. - Length of Vagina. 

15 

·~ 
E .---· u 
c 13 
-

..s:: 
J-
0' 
c 
Cll 

·~ _J 

ll ~ 
. 

/ 

0 

0 2 3 4 5 

Mo n rhs of Gesrat'io n . 

When each group is compared with the one immediately 
preceding it, it is found that Group 5 does not show significance, 
whereas both Groups 4 and 6 do. This is to be expected from the 
marked flattening of the graph between the third and fourth months. 
For this no reason is apparent, and it might be that it is a 
rliscrepancy due to the manner of grouping. It is quite possible 
that with different grouping the shape of the graph between itF 
two extremities would be altered. 

The next dimension to be considered 1s the width (Table 5 and 
Fig. 3). 
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TA.BL.E 5. 

Hlirlth of Va,qt:na. 

I 
I 

GROUPS OF EWES. SIGNIFICA NCE T ESTS. 

I 
No. of Mean Vagina I 

Ewes . Width. W. Group 

I 
vY. Preced. No. Class. 

I 
l. Grou p. 

Cm . 
l Non·preg .... . . . . ,. 11 3·47 - -
2 lst month . ... . . . . . 12 3·39 - -
3 2nd month ..... .. .. 8 2·92 - -

4 3rd month . . . . ..... 6 4·00 - X 
5 4th month ......... 7 4·30 X -
6 5th month ... . . .. . . 5 6·40 XX XX 

-

Fig. 3.-Width of V agina. 

6 

5 

</) 

E 
I) 

4 ·-----

,--~./ 
2. 

1-~---------.,----------~,--------~lr---------~------ -r----
0 I 2. 3 4 5 

The shape of this graph heaTs a dose resembbn('e to that of ihe 
\\·eight (Fig. 1). 'l 'he increase in Yridth hecomes :;ignifif'ant in the 
last two months only. The positiYe result obtained when Group 4 
is tested again st Group 3 is unilouh tedl:v du e to the accident of 
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a low figure in the seL:oml month, rather tb au w a marked iucrea:-;e 
in the third. As a result of th !:' very steo•p rise Juring the last 
month, the total increase in width aiJ> ' ; UJit ~ to almost 100 pe1· cent. 
of the width of t he non-pregnant g· . 'i ]l . 

Fig . 4.- 'J'hickJI C-- <i' Vagin a . 

0·~ ~ 
·------. E 

c ~ 
u 

0 · 2 ~ . 
~ 

O· l 

0 I 2. 1 ~ ~ 
Monl-h., 

Figure 4 (thickness 0f vagiual wall) gives t he impression that 
during pregnancy th e vaginal wall is redu ced steadily to half i ts 
original thickness . HoweYer, in Table 6 i t is seen th at not one of 
the variations is significan t, and that all may be due to chan ce alone. 
This finding is due to the large degree of variation in the orig-ina l 
data (see Appendix), in which consecutive figures in the same group 
are seen to differ by as mu ch as 400 JJB7' CPnt . 'l'hese widely di.ffer·ing 
figures are comparatively few . However , under the circum tances, 
ail that can be said i s th at th ere i s apparently a slight tendency 
for the thickness of the Yaginal wall to be r educed cl uring gestation. 

Discu ssion. 

From a consi,l erat.ion of the length and the width of t h e YafO ll<\ 
it becomes evident that, with the a clvn nce of pregnancy, t he surface 
area of this organ is increaserl. This must mean t hat th e lumeu 
of the vagma is enlarged . To a certnin extent tlw r erludion i n 
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t hickness cont ributes towards this in crease in sur face area. However, 
t he main factor is undoubtedly the actual increase of vaginal 
substance. As there is no in terua l pre;;sure in the vagina the 
thinning cannot be due to passive stretching. 'l'here must be actiYe 
re-distribution of the tissue-elements . These processes all indicate 
a slon· pn!paration of the vag1na for the stretching due to occur at 
partur ition. It is presumed that the individual muscle fibre s 
increa se in size and become re-distrib11ted to form a thinn Pr layer. 

'l1AllLE G. 

Vagina Thickness . 

G ROUPS OF EWES. S ION lFICANCE T ESTS. 
Mean 

I 
No . of Yaginal 

I 

Ewes . Thickness. 

I 
vV. Group vV. l.'reced . No . Class. 

I l. Group. 
I 

I I Cm. I I 

1 Non·preg . . . . ... ... I 11 I 0· 3:3 - -
2 1st mont h . ....... . I 12 0·:30 - -
3 2nd mont h .....•... I 8 

I 
0· 28 - -

4 3rd month ... . .... . 
! 6 0·25 - -

5 4th mont h ..... . ... 7 I 0·20 ' -
I I I 

-

I 
6 5th m·mth .. ..... . . 5 0·17 - -

I 
·--~-

All these changes are recognisable upon macroscopic inspection. 
The vagin a of the non-pregnant ewe is small and compact and 
ordinarily its lateral walls are in apposition . The labia of the vulva 
are firm and the opening between them is a mere slit, while the 
whole of the vaginal lumen is merely a poten t ial spa ce . The mucosa 
is smooth , only slightly moist and is usually pale. Posterior to 
the external urethral opening it often ha s a pinkish-brown colour. 
During oestrum the mucosa becomes hyperaemic and some clear 
mucus is present on its surface, while there is a suggestion of 
increa sed t urgidity of the vulval l abia. 

For the greater part of the fir st mon th of gestation the picture 
resembles that of the oestral period. Probably this is the effect of 
the last " heat " period rather than of pregnancy. By the end of 
t he first month the appearance is that of the anoestr a] period. Thi s 
return to the l ess vascula r " inactive " state probably accounts 
for th e slight drops during the second mont h in Figs. 1 and 0 . 

Not un til the llOth day of gestation is i t possible to observe 
definite departures from t his stat e. At this stage t he vagin a has 
heeom e loose and fl abby , the labia of th e vulva are soft a nd are no 
longer in clo;;e apposition. F r om now on these chan g-es become 
~nore marked 11nt il at th e approach of parturi tion t he whole organ 
1s soft and flabby and the lumen is large and fairly pat ent. In its 
anterior h al_f a fair amoun t of ''hite , -cloudy and vi seid mu rus is 
presen t , while the mucosa iR pale mul smooth. 
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2. Cervi..v . 

As the weig-ht of this organ " ·as not reeorded sepnra tely, it is 
not possible to determine rli redly t he elwn g-es in mass t hat may 
occur during the cour;;e of g esta tion. I-Io,YeTer, these may be de rl uce<l 
from a study of t he dimensions of the cenix. 

..r:. ...... 
<J" 
c 
Q) 

-' 

Length is considered in Table 7 ancl F ig. 5. 

TABLE 7. 
Length of Cervt.x . 

GROUPS OF EWES. I SIGNIFICANCE TESTS. 

No. 

1 
2 
3 
4 
5 
6 

9 

8 

7 

6 

5.. 

4 

0 

No. of Mean 

I 

E'ves . Length 

Class. of Cervix. W. Group 
l. 

Cm. 
Non-preg ....... .. . 11 5·14 -
l st month ......... 12 5 ·23 -
2nd month ...... . .. 8 5·94 X 
3rd month . ... . . ... 6 6·87 XX 
4th month . .. . ..... 7 7·93 XX 
5th month .... . .... 5 8 · 80 XX 

( 1 ) Here significance at P = 0 · 05 is just missed. 

Fig. 5.- L cngth of Cervix. 

/ 
/ . 

/ 
// - · 

I 2. 3 

Monl"h'::> o f Ge ~\a\• o n . 
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It is seen that there is a definite increase, which is distributed 
evenly over the entire period of preg-nan cy . By the second month 
the increase has become significant and from now on during each 
month approximately equal amounts are added. '_rhis is indicated by 
the straight line ,,-hich thiR portion of the g1aph assumes. 

No. 

-· 

l 
2 
3 
4 -" 6 

z·§ 

E 
v 

GrwuPs OF EwEs. 

I 
Class. 

I Non-preg .... ___ ... 
1st month .. . ... . .. 
2nd month .. __ . . . .. 
3rcl month _ ... ..... 
4th month ....... . _ 
5th month ........ . 

T ADLE 8. 
Width o j C e-1·1ritc . 

No. of 
Ewes. 

11 
12 

8 
6 -I 
5 

I 

l\fean 
Width of 

Cervix. 

Cm . 
1·75 
2 ·12 
1 ·68 
l -92 
9 . . ~ 29 
2·98 

Fig. 6. - Widtb of Cer vix. 

. 

. / c 2 -~ 

1~./ .t=. ..... 
-a 
~ 

1·5. 

1-0 

0 2 3 

I 

I 

SIGNIFICANCE TES'l'S. 

W. Group 
l. 

-
X 
-
-
X 

XX 

I 

I 

I 

W. Pl'Ccecl. 
Gronp. 

-
X 
X 
-
-
XX 

f"'\on\'h? ()\' Ge sh ::s\'\on. 

The width (Table 8 and Fig. 6) does not exhibit this same regular 
g-rowth. The peak in the first month is definitely significant . This 
is followed by a drop in the second mon tb , the figure h ere being 
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slight ly lower than that of gToup l. F rom her e onward t here is an 
increase in width, the inerem ent for each succeeding group being 
larger than that of the preceding one . By the fourth month the 
width is again sig nificantly larger than tha t of the non-pregnan t 
g-roup. 

E 
u 
c .-
(J) 

rll 
<II 
c 

.::f. 
u 

...s: 
1-

TABLE 9. 
Thicl.:.ness of vVall of Cer1-·ix . 

1 

I Guours OF EwES. 
I 

SIGNIFICANCE TES1.'S. 
No. of ::>.fean 

I 
Ewes. 

I 

Cervical 

I I No. Class. 
Thickness. W. Group W. P rcccd. 

l. Group. 

l Non-preg . . . . .. ...• ll 0·39 I - -
2 l st month . . .... . .. 12 0·35 XX XX 
3 2nd month ....... . . 8 0·34 XX -
4 3rd month . ... . . . . . 6 0· 28 XX XX 
f> 4th month . . . . . .. . . 7 0·33 XX XX 
6 5th month .... . . .. . 5 0·55 XX XX 

F ig. 7 .-Tl1ickness of Cer vi en 1 W all. 

. 

0 ·5 

0·1:, 

~ ·- -. 

0 ·.3 ""~/· . 

0 ·2. 
I 1 0 I 2. 4 5 

M on th s of G esl·arton 

In Table l:J a n<l Fi g. I are g iYeu details of t he thickness of t he 
wall of the eervi:x. During the first three m onths of gestation t his 
dimension decreases unt il during th e tl1 ird m ont h th e lo\\'est level is 
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r ea ched . Jn the following two months t here are cleJin i te i ncreaHes, 
that for t he last month ueing YeJ·y la rge indee d . This part of the 
graph ri:-;e ~ almost vertically. \Yh c u <·ompared \\·il h the figure of the 
uon-pregn :m l group a ll these Ya riations are foun d to be significant, 
a nd in tb e last col umn of the table, G roup J only fai ls to g i Ye a 
positive n·sul1: note t he flattening of the graph at t his point. 

D iscussion . 

B efore di sctt ssing th ese r esults i t is necesc;ary to con,nder some 
<letails ('On cerniug t he uterine seal , t he d eYelopment of " ·hi('h app ear s 
lo be dosely associate<l with the changes in t h e wall of the cervix. 
flnl y once (e\\·e X o. 4432(; at ] =~0 days) wa:s an y th ing r est-mbhng· a 
df' fi 11 ite " plug " Reeu , h en c<' i be term " ~ea l " i s prefuned , as it 
<l<' s nih<e ~ lll oru a< :<.;uratetly t he appenra tt ce and di stribution of t he 
ntu<·otm s<:• n elion in th e cen ·is . By the end uf the first month of 
preg na nry smal l <H·<·Hnnllation s of nt ttL·tt s may l1c detPd<·d in 1 lw 
depress ion s 1Jl'tweeJJ tb e eervi c: ll lold ;.; . This is m ore n oticea ble in 
t he n<mial portion::; of t he orga.n. As t he amouut of Jllucu R in<·re:l ::>es 
it <:t Jlpears to ' ' glue . , togPt he r the adj at.:ent s urfaces of t h e fo lds, and 
by t.he 4Gth day of I)J'eg nant·y thi s suali.ug is ('OJ!ljilet e an rl a small 
<UJ10un t of hee JIIUG JLS i os seen in th e lum en of the cervix. T hi :o tend s 
to ('Ollt'd ill i he mo re nanial porti ons of th e organ, \\·here th e tis:o ue 
is lestl t ense and \1-}J en· th e folds ar c: small. Grarlu nll,\· th P l[Uantity 
of t his cloudy, white, sticky mucu s incr ease8, and as this happens 
t h e free mm·u s is no longer found only iu 1 he cranial po rti on, hut 
spread :-; in a ('a udal direcho n. At no stag<· of preg·nancy was the 
mucus sea l founrl to protrmle at t h e exter nal utl'rine os . 

"Whereas the length of the cervix undergoes a steady inc rease, 
th e width rlisplays a sharp peak, follo wed firstly by a drop and then 
by a gradua l increase . 'I'he fir~t ri~;e may b P the r esult of dilatation 
of t he cervix cau sed by au ittu·e•n sed ::;ecretion of mucu:o during 
oestrum. A s this efted passes oH t h e organ r eturn s to it s contracted, 
rlioe,;tral stat<'. Later the effect s of p1·egnaucy bring alHJu t :1 ste;tdy 
in crease in the width of the cervix. 'l'his theory ret.:eiv<·s ::; upport from 
th e faci t hat in the fi rf;t month of gestation 1he thi ckn ess of the 'vall 
of th e GerY ix is greatly r educe(l- just .,,·hai IYoul<l be exp ec ted to r e~ ult 
from ::;in~tr;hil l g' of the organ c:Htiie il by pressure in i ts lumen. As t h e 
seal substa uce accumulates in the cervix i h e ,; tretching is inten sified , 
h ence dnrin g th e th ird month iltC're is a further cl e(' re a ~e 111 thiclmes::. . 
Afte r mid-term there is ctd ive p;ro\vth of t h e organ, \l·itb a consequent 
incr<:'<lSe in all dimensions. Th e t hiekened \\·all los<:s its firmness 
a nd b ecomes soft and slightly ued<· matous. These changes are fir st 
cldeclabl e at the 89th tb ,v of pr egnancy . By thi s tim(' the at·cumula­
tion of muGus h as inere:1::;erl the si r-e of the lum en, alld t h e whole organ 
appea r s enlarged , soft <mel spong y . At t lt e llOth day these ch anges 
are more notit.:eahle and due to the stTetch ing· and t h e accumulation 
of mucu s t h e fold s are well separated. N ine days later the canal is 
sti ll more dilate<l a nd at this stagt· it i s <lll eao:; ,\· mat1 Pr to i tl ciPI'i a pro be 
into the cc rYi x. At the 130tb clav the lumen has <1 diameter of 
0 ·5 em. ['lJl<l at the 140th clay this. ha s incr ease d to ] ·0 em. 'I'he 
whole organ is extremely soft and spong)' and it app ear s markedly 
oedematoi1s. 'fhe tense cervix of the non-pregnant sh eep has now 
becom e loose a nd elastic ani! i s capable of extreme <lilaiio11. 
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3. Body and Co?'nun. 
From a consideration of its c;urvatures an indication of the gTowth 

in length of the uteru ;; is obtained . In Table 10 and Fig. 8 are 
to be found details concerning tbe length of the gTeater curvatures of 
both horns."' 

'fADLE 10. 
GTeate1' Cu1·vat1n·es of Cornua. 

:\Iean :\I can 
GROUPS OF Ewl;s. Significance TEst. Length Significance Test . 

No. of Length Non-

I 
Ewes. Prcg- W . I w. prog- w. 

I 

w. 
No. Class. na nt Group. Prccecl. na nt. G!'Oup. P r·ececl. 

Horn. 
l. Group. H orn. I. Group. 

em. Clll. I 1 Non-prcg ...... 11 15·59 - - 15 ·18 - -
:! 1st month .. 0 0 0 u 19· 12 - - 17· 58 - -
:3 2nd month .. . . . 8 :38·06 XX XX :34· 25 XX XX 
4 :3rd month ..... 6 (i:l·(i7 XX XX ;}0 · 17 XX XX 
;} 4 th month .... . 7 74·86 XX. X* 54·57 XX -

6 5th month ..... f) 100·00 XX XX 62·60 XX X 
-

* tlignifiC>tiiCo >~t 1 per cent . level is just missed . 

E 
u 

....c: 
0' 
c 
Ql 

...J 

F ig. 8 .- Great.e r C urvatures of Cornua . 

ros 

90 / SQ 
. 

7Q / 
6Q 

~: __________ .. -..... -""' ..,. ... -----· 
5Q 

/ 
/ 

/ 

[4<: , 

~:--·· 
3~ 

ZQ 
~·.,' --- . 

Pregndnt horn 10 - ·---·-
--·-----·-- Non- Pregnant' horn 

{) -
0 I ~ 3 4 5 

Months of GesfdftOn 

* H ere, and in all sim ilar cases, in Group l the left horn has been c lassed 
as the gravid one (pregn ant 0 days), wh ile t he right horn is r egarded as being 
n on-gravid "l 0 days. 
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l u t lte pi egu;~ n t ltonJ Lh er e i~ a stead y in L:rea ,;p tl trou g hout 
pregnancy. Sig-nifi ('Jil('e is Ten('hed i11 t h P tit •t ·ontl JII OHi h. 'l'lte 
greater cUITat u re ot t hl' 11011-pn·g-nn nt horn al~o u ndt•rgtJ<•,; Jll1lt·h 
rlo ng-ation, alth ough ib g-raph : Il\\· a ., · ~ r ew:Jtlls lwJ m,· tlwl ol' t lw 
g-ntYicl lwrn . 1"01· t hi' fir~t t l1ret' month s till' g-ene ral t rc n<l of t il l' 
t ll'o linl' fi is YE· r.1· ,.; iJHiia r . a lth ough fro JJJ llwir grad.twl d in• rgent·t· 
it i-; eYirl ent tha t l ite Jtoll · pregn:Jn t hon1 gro1Ts ""t the slo\\·e r ratt•. 
I n t he l : t~(· hYo nJ nnth ,; i he la ttP I' <· nrYe fbiten ~ out t·on c; illerabl 1 . 
Innh ii ).;' fo r mtll'h g ll •;Jtp J· rlis:;illl iLn ·ih · b el \\' t'<'ll the two eun~~. 
'l'he ill l'l'('llWn ts fo r li lt' L1 ~t t\\·o In nnt lt~ nn• m n('b lllOl'P ;;ignifit·nll t 
in i hP g- r;t 1· i1l h orn th ;~n in i!J p opposite Oll P (sP<" ']';1hl f' ]0- Sf'COIHI 
C"olm1JIIS of ·'ig11 ih(' <I II C'I' tesb) . 

' l'nh lt• II and Yig-. 1! ,.; II 0 \1. tlt;~t , regn nli11 g tl1 r• .lec;Re •· n ll·Ynt.u1'l';; . 
l h Pn• nn· no Jnarki·d d ifte rPnr·p,; lw(ll'f'ell ti1P h 1·o hor ns. Th P h 1·o 
gTnph s <I H:-nnn e RLlllil::n· co u rseR . ll'i i h th<~ t of' thf' non -gTa 1·id hnnt 
aliYny,; .iu s( heln\\· ilu· oi hPr . 'l'h r :1mo unt of di l'f' Tge ncr, evt• n at 
i t.s l1W Xinn!nl ( in H1 e fo11d l1 JII Ollth), i s co mprn;diYel.'· ~ 111:1 11. J\ , 
i s t l1P !'a SP 11·i t !J I IH· gTe8ter ! 'Ul'Y:lhHrs, here a gai n s ign ifir an(;e ~~ 
l'P:l<'h r(l (•a rl y on in prrgnan!'.1· . :i. P. in tli P srcontl mo ntil . 

log 

9Q 
P(eqr.anr horn 
Non Preqnoti horn 

80 

E 7Q. 

I..) 
6Q 

c :,g 

-·~: .----- ----
~·-----------· - -

2Q. ~· --

10 ~·-

0 

0 4 
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T ABLE 11. 

L esser Cw·vatw·es of Cornua. 

GROU PS OF EWES. 

J\o. Class. 

Mean 
8 ignifi cancc Test. Mmtn 8ignificanco Test. 

Length Length 
_:l.io. of ~on . 

Ewes. Preg· w. w. prcg- vr. w. 
nani Group. .Preced . nan t Group P rcccd . 
Hom. l. Gmu p . H orn . I. Group. 

em. (' Ill . 

Non.prcg ..... . 11 ] 1· 59 11· 18 
2 1st month .. . .. 12 13·96 1:3. 6:1 
:! 2nd month . . . .. 8 22 ·81 XX XX 22·50 XX XX 
4 3rcl month .. . .. 6 33·17 XX XX 32 ·8:~ XX XX 
.~ 4t h month . . . . . 7 36·86 XX 3 1· 7 1 XX 
G 5th month . . . .. 5 43 · 80 XX XX 3!l·80 .X .X XX 

Fig. ·1 0.-Ci rcnmfe re nces of Cornu a. 

SQ. 

-1-Q. 

. 
E 

/./· 
3Q. u 

c / ---···· · ·-····- ···-···-. 
20 J; 

g-
Ql 

.-1 

/ _,-' /' ,/-
//'/ 

· ~ - ·--·- P,·eqn<:Hl~ hOtn 

~>/ 
--·----- •-- Non Pre9nonthorn 

0 

0 2 

Moh\h!> of Ge!>tation . 

It appe;:~rs that in :-o ih horn s th ere is consicl Pm hle gro \\·th in 
l ength. That there is t;i~e,·en grmdh 011 thP two sid e::; of the uterus 
is evirleni- from the a: trH ·J nt slope,; of the curns in Figs. 8 <tllcl 9 
(drfl\Yll to th e sante r.: ·a l '."l). H ere it is seen that in each h orn the 
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g-realt·r <·tiJ'Y<Jt ure outg-row:; Lbe l e::;se r , t ltis beiilg- p :n tit' ularl ,y 
noticeable iu !he la st !1Yo mon t h ~ . The larger sizP of lh e g-ra Yi<l 
horn i ::; tlu e almos t euhrely t o m or e e:xl en ::;i,·e rlen·lopnt<'ll t of the 
g- reatf:' r cunature . 

A ]JeGulia r feat ttre of lwth these graph ~ is thP (lis! i net fla!L<·nin g­
lwhYPt·n Ut e lh in l <llld four( h month ~ . Furl h er , i t 11 ill ht• noticed 
t hat o nl_y in ti t<" (':l~e of the grpa te r Gun·ahll· t• of l he preg-nant horn 
i .~ Gmup 0 sig- nifi eaH tl~- larger t h<tll Umnp 4. a nd e.-e n in t l1 is 
i n ~bn<·e t he ll'l·el of signi fi c:mce is lm,·el· l imn t h at of t lw illlln edia te ly 
prec t>ding- a ud fol loll-illg' gn,up s . . \1 1 a ppare n t t> ~p la nation fo r this 
HI!Olllidou s h ehnYio ur " ·ill ~uggest it self l<\ te :·, " · h<· ll t h e Yohuues of 
t h t· fo d al f-lui<l s a re sltHli ed . 

The re is <L fairly dost' l·ese ll il.Jiance be hi·<·Pn the g raphs of t h e 
('in:u!llfer eJI (·e:; (1-'ig-. 10) an rl tl10se of th e g real<'l' •·un ·a tu1·es (Fig . 8 ) . 
Agai n the li rw f or t he nou-g raYicl ho r11 li es lll' lrm tl1 e o t h e r and 
diYerges h om i t , sl mdy 11p lo tlll' th inlntontll an d t·hen m o rP rapidly . 
Aftpr uu~ third mon th the c: in·um±nr" Dee of th e non-preg-n ;nl(. I JO I' Tl 

rl oes 11 o t inneni'e aL all. wl1 ere:~s during t l1e S:ll11 P lim e tiH· mon t hl y 
inr·r·en l<'ld ti nl' th e g-r:-\\-i(l hon1 T'<?lll :lin d efi niit-1\· ~ig-nifil'an t 
('l'nhi P 12) . H ere too !h e p ecu l iar f·l:tt !(·n i ng of !h e ('lll'l't', r e i'Pn Nl 
to nhove, is evirl enL In the prPgn:mt h orn i t i ,; of only slig h t d egre<' . 
:ve t in the oth t> r h orn i (· is lllOSt lila rk r <l. 

~0 11 - pl'( •g . .. 

~ J,t month. 
:l ~nd m o nth . 
-i :J,·d nl llllth. 
;) H h mont h. 
I) ;i t h 111011 t h. 

lJ isc ussio u. 

No. of 
E\\·es. 

II 
JZ 
8 
6 
7 
;) 

1 

TA BL E 12. 

:\[can 
Length 

Preg­
ll<l..H t 

H or·n . 

ern . 
,; ·O;'i 
(i- 87 

18 . 7:) 
:l l ·08 
:n ·57 
-1;)·-i' ) 

- I 

:.,;ignifican<·n T ARt . 

\I' . \\' . 
Grou p. l' rcccd . 

J. Crou p. 

.\ :\ \ .\ 
X.\ \\ 
\\ .\X 
:\\ _I .\. .\ 

--

''fca n Si gnificance T oRt . 

L<•ngth l----,-
1\on-
prc,g­
nant. 
l·lom. 

l'lll , 

.)· 23 
;) ·7:3 

1-i· OO 
Z:l -CO 
~:'- 0() 

:.>:l-00 

L -

I 
I 

I 

W. \1' . 
Group. l'rcccd . 

I . Group. 

:\ .\ \X 
.\\ \ X 
\ .\ 
X .\ 

H i s only to l1e expect e rl tha t \\'i t h the arhance of pregn:lnl'_l' 
t h er e \\·iJl \,e :l!l llll'rl:' <t :ie in t h e sizt• o f' tJw n tPI' Llle hol'll :i. i ren· 
it is ;wen t lwt d uring t lt e fin;t !tali of g<•st.at ion bot h ltorn s i nnense 
f a irly R tea rlil~- . " -j( h hu1 a slig h t <liff (' renl'e in f:lYOUr of th ,· p n•g rwnL 
lwm. Hrl\I'PYer. during· th<· se('or:d hnlt o± prPg- nan(·_\' t h(· !torn in 
~~- ltich tlw f ot·!us lies •·otnpl ete ly outgT o \\·:; th e oth e1· , (!ti s \win g 
no t i ceable in Loth <·unaturPs (n ot Jnarl,rd in t h e l esser) :t s 1n•ll as 
i n c-in ·um f!· reni'P. As :1 n'sult of !h e u 11 eYf'!l clistr.ihution of t lw 
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mcrease, the enlargement of the hon1s is accompanied by a change 
in shape. All Lhese changes are well illustrated in t h e photographic 
plates presented by Curson and Quinl an (1934) an(l Curson and Mare 
(1934). 

E 
\:J 

.s 
..!: 

QJ 

5 

Fig. 11 .·-··W eights of Dressed Uterus, Empty Uterus and Uteri ne W all. 
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Th P grot1th of thP uterils in tveiyh t is consideretl in 'l'able 13 
an d F ig. 11. By the end of pregna lH:y t he " dressed " ute rus has 
reaehed th-, relativPiy e11 orm ous ''"eight of approximately o K g . 

T ABLE 10. 

l il P1:gh l.~ o/ lJ1'CJSsed U terus, E m.pt7; U terns llnd Uterine TVo ll . 

Groups of" I 
B1r.es. 

1 

___ ___ Xo. 
of 

~ o. Class . ~ ~~·.•:cs . 

- =---=--==c__c ---=-=--====== === 

l
:::; lgnl fi cance 

1 ~·~ 1gn 1 ficance 1
1 

"\ [e<~ 11 Test. j "\Ie,LII Test . "\I ca n 
. WPw ht 

Wmght --- - \\ e1ght I Gt 
Dresscu \\'. 1 \\. I !i:m ptv W. I \V . e-
U t CII IS Gt P 1 (·c Ut01us . G1. Ptec. ~~~~~ . 

l G1 I . Gr. 

Nigni fi can ce 
Test . 

"'·I w. Gr. Pt·ec. 
1. I Or. 

- --·----------

~un· pn·.!l. · . 
~ J·,t mo nth . 
=~ 2nd m onth. 
~- :lrr\ month . 
;-~ ~th month. 
6 :jth lll<ll.th. 

I Gm. I 
I 

Gm . Gm. 
ll 42 ·73 - - I 42 ·73 - - 42 · 7:3 - -

I 12 65 ·92 - - 39 ·67 - - ? ? ? 
8 .5l9· 75 X 

I 
X 1;2'}:2 · 7,) XX XX " "[ ·t 

(i :2 , 128 · 67 X.\ .\ X 740 ·17 XX XX 221· 00 XX y 

I 
"j 

J :3 o·'6 -- XX XX 597 . 4:~ XX X 248 ·00 XX ·-. ' - . :) ' 
I 

5 :>,880· 80 XX XX 708 ·80 XX - 44:2·00 XX XX 

Fig. 12.- \Veight of Place n t a . 
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The graph 1i,;es but little in the Jhst month, more i n the ;;econd (:tt 
this stage the increase beconws significant) and then as::;ume::; an 
exceedingly steep slope. BebYeen t he third and fourth mouths there 
is a distind :flatiE'ning o£ the curve . Later it " ·ill be r:;een that this 
is caused in part by a decrease in t he total Yolum e of foetal fluid auJ 
in part b.1· a tb·op in placental 1nig h t. 

The weight of t h e empty u te ru,; i ::; the sum of the weights of 
the uterine wall and the p lacenta . D etails of the lattm· are preseuted 
in Tabl e 14 and F ig . 12. For the first four month,; of pregnanr;y 
t he comse of tlw graph of the empty uterus is govemed mainly by 
t he weigh t of t he placenta. Until the end of the second month 
there it; ; 1 gradual r ise, und th en in th e thinl mo ntlt t here is a sudden 
pl"ak, follu \\·ecl hy a drop . :Jlf><mw!Jile i.he IYeight of the uterine 
1.1·ull ha:-; inc reased steadily, bu t thi:; h:t s not been sufficient to 
influen ce to any great extent th e weight of the empty uterus . In 
the la::;t month there is a highly signi£.cant increase in the weigh t 
of the wall and as a 1·esult of this the graph of the empty uterus 
r:ises again to the level of the thinl month, in spite of the fact that 
at this stage the placental \r eigh t undergoes a further (but 
imigni£.cant) rerlurtion. 

E 
v 

Fig. 1:3.-Length of Body of Uterus. 
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TABLE 14. 

IT7 e·ig l!t of Placenta. 

Guot·l's OF f•:wES. Nw N IFICAN c E TESTS. 

~0. ('!as;.: . 

No. of 
~Iean 

Ewes. Weight of 
l' l<tccnta . \\'. Gr011p \ I'. l'r<"CCd. 

l. Gro up. 

~on-preg . 
~ 1st mont h . . . 
:l ~nd month .. . 
·I :Jrd 111011th. 
r; 4th month .. 
(j i\th month .. . . .. . 

l l Xi! I 
12 I 
8 

I 
(j .) I H gm. .\X 
7 :l i·!J g m. .\ .\ .\ 
.) :lUI g m . 

I 
X.\ 

'/'he ·ini'U'n.,e 111 s1ze of the u.terl/.s 1:-l uot limited to .i ts h orn,.;, but 
1:> abo evident in tf, e IJOrly . W h e n i t is r e member ed th at th e hod.\· 
1s t lw IJOrtal t hroug h \Yl1ich t he co rnua comm unicate \\·.i th each other, 
it i s not surpri sing to find !bat .in its increase in length (Tahle l G 
and J<'.i g-. l :) ) I his portion o[ tilP uit•rus fol lO \YS a (' 0\ll'SP closel:; 
rese lllhlin g-, and more or le::;s inLl'rmetli ate hetwt•e n , t h ose obs!' rved 
in connec-tion with the c;reate r (·un·at ures of the l'Ol'!lll a . l[ere too 
a sli:.!'h t Hnt te ning of t lw cu rn' in tlw fourth Jllonth of pl'Pg' ll:ltll;y. 

is oh~crYrtl. 

rl1ABJ.E 1 ij . 

L en9th of Bori.IJ uf U terns. 

=--=-=-==--===-:--'===~==== ==== 
CRO I ! I'S OE' EWES. 

);u. Class . 

)io. of 
..\[can 

l~wes . 
.Le ngth of 

Body. \\' . Group w. PL'cccd. 
l. Gro up. 

Cm. 
Non.pn•g .. . I I. ~·16 

·> 1st month . . . I~ :?·07 
:3 ~nd month . . 8 3 ·19 .\ 
4 :lrd month . . (i i\ · 50 XX XX 
:) +t h month. 7 6· 71 XX X\: 
6 :i t h month ... ;j g . 70 XX .\\: 
----____ .:..___ ____ _;_ ________ .:___ 

*J ust rnisse; signifi.canc:c at ii per ccmt . [c,·e l. 

J<'w11t I he fact I hat by th e ell(! of t he ;;rt·mHl m onth of g·e:st.a Li on 
t he body is no t yeV si gnificantly longer than in tlte ll Ort -preg na u t 
gToup, it i.· Go nclurled th at in t hi s part of the uterus gro,YI It is 
initiated later than in the horns . ln this conn ection it i~ to b e 

* Hy h ow little sig nificance is missed is indicated by t he fa ct that Uroup 
:1 is sig n i fi cant ly larger than G-rou p :!. 'vVJ1 ich is bu t slightly Jow0r th a n Gro up l . 
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observed tha t dur iug t he fi rst mon th t here is no chaugt· from the 
non-pregnant ~ tate, in fact the mean o£ Group 2 is ,; [ ig-hth (hut· 
Bot significan tly) lo11·er th an t lt at of Group ] . 

I n each uf l he thre•• portions of t he 1.1 terus (t he l in> lwru.~ and 
the hody) th e thiclcn ess of t he wal l was measured . Detai ls an• 
presen ted in Table 16. ln th e column h eaded " Total Groups ., an· 
tabulated the me:ms of a ll th e measurem e11 ts recorded in Pa eh month. 
while in t he la,; t line of th e table are g-iYen the · ' AYt> r:q.!·e,; ·· for a ll 
t lt e readin g·~ ( t hr011ghout pregnan coy) :1t. ea('h poi nt. 

•SQ. 

·-4~ 

.4Q. 

.• 35. 
E 

<....) 
·32 .s: 
·Z.5 

•2.<2 

· 15.. 

·l<l. 

·o..S. 

~ 

0 

F ig. 14. - Thicknoss of 1JLC' ri11 E' Wa ll. 

~ . 
~ 

·~·-----· 

I 2 3 l 5 

Months at Gesration . 

\Vh en t hese data are analysed, by meaus of .Fisher' s Z-test, 
to sh ow th e effeets of (a) stage of gest ation (total g roups), (b) posit ion 
( in p regna nt or non-pregnan t horn or i n body), and (c) interactiou 
between stag~~ of' gestation and posi t ion, a positive r esult j,; obtained 
in the finst in,;La nce only. From this it is concluded that the effect 
of pregnaney is to cause a rNluction in th e thicknes~; of th e uterint> 
w;lll , t ha t thi:s influence is exerted evenly over the " ·bolt· wall , and 
th at in their respou~e to this effect all t hree p arte; be haw i1lentically. 

The significan ce tests Teferred to in Table 16 are t hose conceruing­
the " total groups " . ']' hese indicate th at as early as t h e first month 
of gestation Ht t>re is a significan t r eduction of t he thi ckness of thP 
uterine wall. Tn t>ach of th e following three months a fnr t h1-1r ;;ignifi­
,·an t der rea ~r oer nr~ . so t hat by thf' encl of th e fou rt h month th P 
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ute rine wall has heen redu ced to on e-third of its or igin al (non­
preg nant ) tbidness . In the last month there is an insign ificant 
increase in thidmess . 'rhis is cnusecl solely hy t h e high fi g ures 
obtained ~l t the 147th <hy . r e~ u l tiug hom t he g enera l OP (l ematou ~ 
f"ondit ion of all the genitalia at this stage. 

~ 
:! 
4 
;) 

(j 

\ on-pre!( .. . 
I st month ... . 
~nd. month . . 
:Jrd 111011th . .. . . 
+t h month . . . 
5th mont h. 

AI"E H.\Ca: . . 

T .\J IT.E l G. 

£hi cl.:n ess oj U t erine Trnll. 
---------

\o. IJ I - ~­
J•:weF< . 

Thick ness of L' terin< · 
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Tlw small. pale and con trac:tecl ute rus of t h e U!lll-pregnaui e\H ' 
changes during· preg- nancy. By tl1e eig hteenth clay lh t> horn s appeu1· 
sli gh t ly puffy and by it ~ ,.;Lightly LH'ge r s i:~. e it is pos.;ible lo cli sting·ui sh 
t he lwrn in 11-hi1·h the ovum hn s b er·om e impla nted. At ~dlOut thi ~ 
time t he colour of the organ ch a ug e,.; loa distinct pink :lllllnumerom; 
Yer y todu ous subse rous bloocht•ssels be1·om c Yisihle. .\ s g·est:dion 
progre .~ ~ <-·-~ so th e;;(-' \·esseb ber.onw large1· t-tl1< 1 less to rtuo u ~>, t h e ('olour 
becomes redd <·r. and th e size-cliftere nce between t iH· h oruR hecom e~ 
much more cli ,;ti nd. After the 38th day there is nlNo a Glwnge in t lw 
s hape of the h orns. this being tllC' result of more rapid g-rowth a lou ~ 
t. l1e g reat Pr <·m:Yahii ·Ps. Seven day s L1 ter lhe nit•rine wull h as ~~ 
bluish-g re_\· <·olou r :J11d t h e snbst•rous YPsse ls a re l:nge an d pursu e 
an almost stn1ight course . Th e larg·es t arc to he found along the 
lc.-ser C\11Ta1ures . an1l from these bmnch Ps nm across tlw utl'r i1w 
horns at rig-ht ~1ngl e,.; to t heir long a-x es. Hy thi s timP th e 11·alls haYt ' 
becomP lllarkeLlly thin ner and through th em the outlines of t h e coty ­
ledon s may he 1listinguish ed . .From th e middle of gestation th e 
pregnnnt horn gTO XI" S much m ore ra pirlly thnn its fello''" and th e dis­
crep:i lll".\" in size becomes so marked t ha t towards th e end of the 
fom'ih month the non -gravid horn h as becom e m er ely an appendag<> 
of t lw oth er. Ai thi s stage th e walls han beconw Yery t·hin and 
vn scnl:Jri ty is pronounced throughm1t th t> org:m . Thi s Nhd·e i ~ 
maintained until 1-he approarh of parturition. At tl1 e J47th day th e 
t hickness of ih e wall is increased as n result. of a ge11 eral oedema of 
the geni ta lia. 
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In the uon-pregncmt u te1·us the mucosa i,; pale and but .~lightly 
moist. Early in pregnancy th ere is a slight reddening at the si te 
o£ implantation and this spreads rapidly until at the 45th day th e 
ent ire mucosa is ma1·kedly vascular. At this stage the epithelial 
lining appears to h ave been destroyed (at least t he surface is not 
smooth and dear) and the surface is covered with a layer of dirty, 
greyish , sticky material. As a result of thi..; the allanto-chorion 
is foun(l to adhere to the inner surfaee of the uterine wall and in 
~trippi ng it off care ha,; to be exercised not to r upture t he ,;ac. 'l'his 
condition persists until midway through the fourth month, after 
which the epithelial lining appears to he restored, and with the 
disappearance o£ the slimy coating th e mucosa is again smooth, fairly 
moist and of a light red colour At this stage the amount of adheren ce 
between the uterw; and th e foetal sar· is negligible 

4. Placenta. 

It h as been t>een (Table 14 and Fig. 12) that the weight of the 
placenta in creases to a peak i n the t hird month, after 11·hirh it drops 
fairly rapidly. In an attempt to determine the cause of this behaviour 
the numbers and the sizes o£ the cotvledons have been studied. Details 
n£ the former are presented in Table 17 and Fig. 15. 

Fig. 15.·-Number of Cotyledons. 
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b' ig. l u.- DiD rn 0te r· o l. ( 'o t. _y ledo n s . 

Sign ificance 
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(:1'0 \11 1. 

.\. 

" X 

3 ~.-

0 

0 2 5 

\\' hen t lwse data are a nalvsed in th e manner cle~nihed in connec­
tio n wi t h t h t• tbiC'hlt'Ss of t he 'utPr ine wall . it is futlll d th <ll then• i s :1 

~ i g- n ifi(' :tll t rlifft>l'P il Ce lwtwee n the preg- nant :lll d n on-preg·uani. i rles oi' 
llw ul t· ru . ..;. Th t• t•xcess i n faYOll l' of ihe fo rm er si rl(' is nt•ver gTeat. 
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a nd fa lls far :short of t he figure (oU per eent .) mentioned by Berg­
manll (1922) in his work on t he bovine. From the tests i t appear~ 
that there are significa nt 11ifferences at th e Yarious stages of preg­
n ancy. Here it must be rememherf'd that in the first t wo groups 
it \Yas impossible to disting uish bPhYeen functional and non-functional 
cotyledons, thus t he figures giTen represent counts of all th e 
cot,vleclons a~ t·olnpared with couut~ ouly of hu1ctim1nl t·ot_vledom; 
in the remaining g10ups. H ence it i s not surprising to fin1l 
that the numbers for the fir:;t two groups are highPr than those of 
any other group . As t his methocl of te~ting is open to criticism, it 
is more satisfactmy to emplo:v Group K o. 3 (the first in which 
functional cotyledon s are easily recoguisable) as t he standard for 
compnrison. ·vVhen this is done it appears that in spi te of a fair 
degree of variation in the last four groups, none of t he differences 
are signifi('ant . 'l'herefore, t he cliffm·ences ohsen ·ed may he aseribe<l 
to " unfair , . counts in t he first two g-roups, and it ma_v be r:oncluded 
that, whatever the true position r egarding f unctional cotyl edonR in 
th e fi rst month (in Group ] t heir number i s nil), t he observed va ria ­
tion~ in the weig-ht of t he pla('enb <Uf' not (;ausefl by v;n-iations in 
the numbers o£ cotyleclons. 

No. i 

2 
3 
4 
5 
6 

'l'ABLI~ 18 . 

Diameter of Cotvledon:;. 

Groups of Ewes. I 

--I 
Class. 

Non-pregn<tnt ...... . . . . 
l st month ....... . .. .. . 
2nd month ........ . . .. . 
3rd month .....• . .... . . 
4th mouth .... . ... . 
5th mont h ............ . 

AVERAGE •.. . ..... 

Xo. of 
Ewe8. 

11 
12 

8 
6 

.) 

:\le<tn Di;tmetcr .

1 

Si_f!nifica.ncc 
of Cotyledons. Tests. 

-,--

1 

Tot<tl 

1

._ i--
l'reg- 1'\on- Groups. \\". I W. 
na.nt prcg. Gr·oup Preece! . 
Side. 1 Sirk. I . I Group. 

Cm. Cm. I Cm. I 
-28 -30 1 -2s 
-42 - ;~() . 40 I 

l . 8? I _l :7 I } . 6 ~ X X X2f 

I 
~-4.) I ~ - 2-l- :~ 3o 1 ~~ XX 
-~ . 0-l- I - . 94 I - ()9 I '( X X 
3·00 I 3·00 3·00 I XX -

1-1~63-1 ;-;-~----~----=----

As a result of the above coudusiou, it be(;omes necessary to con­
sidm.' t he size of the cotyledons at the various stages of pregnancy. 
For this purpose two dimensions (diameter and height) have been 
studied. In each instance th e averag-e of the readings for the larg-est 
c-otyledon in the horn and one representing th e modal size of that 
horn, is employed . D etails of these representative figurer; are J-lrl~­
sented in T ables 18 and 19 and Figs. 16 and 17. Both th ese dimen­
sions increase rapidly (becoming significant in th e second month) 
up to t he end of the third mont h. After this their bPhaviour differs, 
t he diameter dropping' sig-nifieantly in the fourth month and t hen 
maintaining its level in t he fifth. wher eas the height still increa~es 
(although ii1significantly) iu t he fourth month and then unde:::goes a 
significant decrease in t he lasr month of pregnan ry. How ever , b:y 
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the end of geRtation both dimensions are ~ignificantly lower than they 
were in the third month. It is clear th at the placental weight is 
affected mainly by this rhang-e in the si7-e of eac:h incliYidual 
cotyledon. 

Fig. 17.-Heig!Jt of Cotyledon s. 
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D iscvss'ion. 

lt has been seen t hat during pregnancy the cotyledons increase 
enormously both in diameter and in h eight . Apart from this en large­
m ent there are other changes which may be obsened macroscopi(;ally. 
In the ll on-pregnant uterus the cotylellons appear to be arranged HI 

four longitudinal rows. All are of th e same size and are j ust vis ible 
as pinhead-sized brownish cenhes with pale p eripheral zones. tn 
dioestrum they are level with the surfacp of t h e mu(;osa, but during 
oestrum t h ey become slightl.v swollt>n and d ev;lted . E arly in preg ­
nancy a ch ange is ev ident and by i:hf' 21st Cla y both t.he size of. the 
central portion and t h e el evation of t hP cotyledon are vi~ibly increased. 
During the next fe v' days the brownish centre, previously con cave, 
becomes fia t and numerous pin-point red spots appear :1 ll over i ts 
su rface. On t h e 27th day t he cotyledon b as t h e form of a small 
nodule under the epithelial layer of the uterus. Four days later t h e 
centra l portion h as a distinct r ed colour and a pitted appearance, 
while the p eriphery h as become el evated to form a thin cin:ular lip 
around the " ·ide fiat centre. From this time until t h e 80th day the 
cotyledon develops rapidly : it enlarges and the peripheral lip heg·ins 
to curl inward, thu s decreasing- th e size of the ~entral (:up an<l 
trapping the foetal cotyledon wbicl t ha s come to rest upon th e surface 
of the cup. At the same tim e the base of the (,oty le<lon becomes 
convex and detach es itself hom the sunouncling tissne to su ch an 
extent t hat finally the entire cotyledon is attached to t h e> 1d·erine wall 
merel~, by a thin muco .~al p eduncl P. 

At uho ut the end of th e third month t he (;oty le<lom; appear to 
havt' r ea('ht'd their maximum development . The cup~ a re small and 
the rolled-in edges r esemble motor-tyres in miniature . In some 
instancec; the (;UIJH t end to lose their circular shap e a nd becom e 
elongaterl slit ,;. From th is stage onward fai rly la rge hlood clots of 
long sta nding are visible in th e cups of t h e cotylerlous . Apart fron1 a 
tenden~y to decrease som e\Yhat in size (pm·t ly due to <I t·.ighter rolling 
in ·of t he edges) the cotylerlons do not undergo further ch ange until 
about th e 140th <la y, after which th e i.um ed-iu periphery 1·elaxes and 
the whole cotyl edon opens out fiat with the cen tral portion part-i ally 
everted and covered with clotted b lood . By the 1+ 7th d ay most of 
the cotyledons resemble fl attened reddish-black discs, while in a 
few the PTersion has heen so marked as to giYe th e apr;earance of a 
mushroom (similar to the conYex f'otyledon of the hovine). At this 
stagL' t h e attachment of the membranes is not finn and they may be 
pulled away with ease. Usually the entire central portion of t h e 
cotyledon comes away, leaving an empty thin-" ·allt'd r up. 

ln th e uboYe description only the general appear ance of th e 
coty ledons at each stage ha s been mentioned. HmnY er, at one and 
t h e same time a Yariety of phasPs of cleYelopmen t may he encountered. 
This is well illus trated in t h e accompan~ring plate (No . UI ). D evelop­
m ent [,.; initiated at th e site of imp lantation and t hrough out the 
progressiYe stage the largest and best developed cotylPclons are to be 
found h ere. In the opposite horn grmYth is slower and t h e max imum 
iR reached later. In both horns the largest cotyledons are found 
towards the cen tre, while the size decreases tmn1rcls the apiceB and 
towards the hody. In t h e latter only a few cotyleclon s a re present and 
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these are hut poorly developed. During the last two lllollths there 
is practically no (lifferPner between i. he cotyledons of the pregnant 
and non-pregnant horns, although the difference:- at difff•rent 
situations in the horn persist until parturition. The smaller 
cotyledon:-;, nlthoug·h slower in growth, appear to 1·ea(·h tlw sanw 
stage of (l iffl·rentiation as the largest ones. 

Plate rn.--Gr:nid uterus laid open to shOI•: cotyledons, p reg nnllt horn 011 till· 
right and cen·ix townrcls the bottom. 

The foetal part of the plac<•nta also deYelop~ fai dy early. .At 
the 21st day of pregnane.)· dull white areas appear on the allauto­
chorion wherever it touches the surface of thP maternal cotyledons. 
A few days latPr these patches have become almo~t opaque and at 
the 31st day nnn1.erouH closely groupe(l pin-point reel spots mark 
out on these areas the size and shape of the central portions of the 
maternal cotyleclons. At this time there is a very loosp attachment 
of membrane to cotyledon. The red spot~ inereas0 in size ::mel 
eoalesce, and small Yessels can he distinguished running from these 
circumscribe(} area:; to the umbilical cord. By thP 4f>th day i.ht·~e 
areas have (leveloped into thick discs firmly attaehed to thP outer 
surface of the allaut.o-chorion. By this tinte there is a fair degree 
of adherencE> between the discs and the maternal cotyledons . From 
now on the edges of the latter curl inward to hold the fot-tal 
eotyledons firmly in poRi tion, tlnu; (;Omp leting the eoty ledonary 
attaclnnent. 
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'L Follupian 'f'nue;;. 

The t ul1 eo; \n•re con si clere cl h olll th<· point. of view of length, 
diameter and weight. Fo1· eac:h of th<• se characteristics an analy sis 
,;imila r to that tlescribed in c·onneetion with the tbickn es~ of the 
nteri11 e wa ll . lw s h t>t>u tmcl t"r ta lw n allcl t h e result,; n 1' <:' prest' IJ t.ed in 
T:~hle ,.; :20-22. 

Group . ..; of Ewes. 

:'ilon -pregna.nt . . . .. . . . . . 
2 1st mont-h ...... . .... . . 
:3 :lnu month ..... . . . ... . . 
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7 
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! 
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17·61 
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TC'st s . 

I 
w. w. 
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.\.\ 
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'l'AllLE 22. 

TVeight of Fallop ian Tubes. 

Groups of Ewes. 
I 

"Mean 

I 
Significance 

Weight. Tests. 

I 

No. of 

I 

Total 
Ewes. !'reg. .Non- Groups. 

I 

w. w. 
No. Clas>. nant preg . Group Preced. 

Side. .Side. 1 . Group. 

Grn . Grn. Grn. I l Non-pregna nt . . . .. . . .. . 11 0·5227 0·4773 0·5000 - -
2 1st month ... ... . ...... 12 0·4858 0·5042 0·49:30 - -
:3 2nd month .... ... ...... 8 0·5438 0·5375 0·;3406 - -
4 3rd month ........... .. 6 0·4750 0·4617 0 ·468:3 - -
:) 4th month: ........... . 7 0·5423 0·5100 0·5172 - -
6 5th month ......... .... 5 0·5000 0·6200 0·5100 

I 

- -

AVERAGE ..... .... - 0·5092 0·5008 - - -

Fig. 18.- Length of Fallopian 'l'ubes. 

19 
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In no in stance is it possible to demon strate :wy differe11ce 
between the tube hom the pregnant side and the opposite one. 
HoweYer, when the total groups are considered, significant variations 
are encountered. Here the last four groups are significantly longer 
than the first two, but show no real differences alllong themselves . 
This is illustrated in Fig. 18. From the second month of gestation 
the tube from the pregnant side 1s always slightly (but not 
significantly) longer than the other . 

Discussion. 
As the incre a~:> e in length is not uccomvaniecl hy an increase in 

weight, actual gTO IYth cannot account for the elongation. It is 
suggested that a certain amo unt of stretching of th e tube occurs 
early in pregnancy when both ctuYatures of the horn ar e growing 
steadily. 'l'he reason why this stretching does not appear to cause 
a decrease in the diameter of the tube may he that the latter was 
measured at the middle of t he length, whereas th e stretching is likely 
to occur mainly at the uterine end of the tube. I£ mechanical 
stretching is the cause of the elongation, then the latter cannot be 
regarded as a t rue change of pregnancy, ancl it must be con cluded 
that it is not possible to clemonstraie that gestation h as any effect 
on the ma croscopic appearance of the F allopian tuh f:,.; . 

(b) F oETAL ~ImmRA""Es AND }'Lt · m s. 

1. Membranes . 

The weights tabulated in 'l'a hle 23 are those of the two 
membranes combinecl. These 1lata are present ed graphically in 
Fig . 19 . The reason for the omission of Group 1 is -obvious. 

Th e membranes grow rapidly unt il the end of the third month; 
in the fol lowing month th ere is hardly any increase in weight, 
and then in the last month the rate of increase exceeds that of any 
of the previous months. Attention is directecl to the flattening of 
the graph during the fourth month , this being similar to what 1s 

observed in connection " ·ith the grmvth of the uterus. 

No 

2 
:{ 

4 
5 
() 

TADLE 23. 
W ei ght of Foetal Membmnes. 

GROUPS OF EwES. 

No. of 
)[ean 

Ewes. Weight of 

Class. )f em bra.nes . 

Gm. I l st month . . .. . . . . . 7 6·94 
2nd m onth . . .... .. . 8 60 ·70 i 

3rcl m onth ......... 6 115·.58 
4th month . . .... .. . 

I 
7 128·57 

I 5th m onth .. .. . ... . ;; 
I 

192 ·80 
l 

SIGNIFICANCE TESTS. 

W . Group W . Preced. 
2. Group. 

-
- --
X X 

XX X 
XX -
XX X 

As at all times the volume of the membranes is very similar to 
their weight, the data for the former have not been analyzed. 
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Fig. 19.- \Veight of Foetal Membranes. 
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Discussion. 

It has been set'n that the membranes undergo an enormous 
increase in weight <luring pregnancy. However, the two membranes 
tlo not at all t im t>s contribute equally to this enlargement. At the 
lGth day of pregnancy an elongated pale m embrane is seen in the 
pregnant horn, but it is not till the 18th day that the two sacs can 
be distinguished. At this time the allantois is distended with fluid 
and it extends almost the entire length of the gravid horn. The 
amnion is .iust Yisible as a narrow crescent-shaped membrane closely 
investing the embryo, which is situated towards the midclle of the 
length of the allantoic sac . Two days later the latter sac has 
extendecl into the body of the u terus and some dista nce along the 
non-gravid horn. At this stage this sac appears to be compose<l 
of a loose, velvety outer layer and a clearer inner one in which the 
blood vesseb seem to be located . Of the latter there are two main 
SRts, extendi ll g from the umbilical region to each tip of the sac, 
and from these small hranches run across the inner surface of the 
sac . By the 23th day the narrow, elongated allantoic sac has reached 
almost to the ap ices of both uterine borns. At this time the amnion 
begi ns to enlarge slight ly, but it is not until the 30th day that it 
stands awa.v clearly from the foetus . 
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From JIO\\. on the memurane:; increa:;e in size and also in 
thickness. The hloodvessels enlarge and their branehes become more 
numerous . At the middle of the second mouth opaque whi te tlake,; 
begin to appear on the Rurface of the allanto.i<· m embrane. These 
<.Ir e seer, fi r,;t in the region oYer the foetus, f rom \\"her e t h ey spre:Hl 
towards th<' tips. 'l'he:y are 11 ever oO dense as to Lmpa.ir seriously 
the transpar ency of t he membrane. K ow luo the nec1·otic tips of 
the allanto-choriun are plainl y visible . At t he ()()th day t he amuiun 
ha s enlarged to sueh a 11 f'Xteut as to bring t h e c(-) ntra l zone of it o; 
oute r surfa re into direct contad "·ith the o,·e rlyiug parts of the 
chorion . Thus t he allantoic sac is clividecl into two compartmen ts 
which con1municate with ea ch other a nd " ·i t h t lw urachus bv llH'all s 
of a MllTO\Y h 1lw-l ikr c:wit~·. . 

U ntil t llP 1 OO th day bot h sa <'S ar f' \\"ell filled \ \ · i th fluid , hence t h f' 
the m embranes :tre tense. After this tinte the same <leg1·ep of distensio11 
is app<t rf' ntl~· not maintained, so that by the end of the fourth mouth 
t he sac~ <1 ppear slightly collapsed. E speei.ally is thi,; t hr cast) 11· i t l1 
th e amnion. The mem!,! ra.nes n re now relatiYely thick a nt! fai rly 
strong . 'L'ill t hr end of g-estat ion I hey remain colourl ess anrl mo re­
or-1 ess tra 11 spare 11 t. 

l•' ig. ~0.-Yolumes of Foetal F lnidH . 

1000 

. . ~ ---- --- -- - --- - --------

5 

Months of Gesr.,rion 
( ~OTF..-Aii antoir· Volume ts r e presented by the "e1·tiwl d istl.l tWP between tlw 

t wo lines.) 

2. Fof'fal Fl1.t·ids. 
D etails of t he volumes of both the a.llautoi<' :111<1 th<· amniulit: 

flui<l s an• prf'sented in Table 24. In Fig-. 20 the ·upper curH· 
represent s thf' total YolnmP of fluicl while the lo\YPT' one indi cates 
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the volume of atUniotic flu id . T he albu toie vohuue i;; represented 
by the portiou lying beh1·een th e l 1Yo g raph s . The tota l volume 
increases rapidl~ · until 1.l1e c• li(l of th e third month. This is cause d 
mainly lr1· the :llllniotic tiui<l , ,,·hic·h reaches its p eak in the third 
month. Altboug· h t he volume of all antoi c fluid in c1·eases during­
t his Jw riocl , t h e rate i ~ comparative!_,. s lo11·. Holl"eYei·, in the fourth 
mont h this rate is accelerated to su ch an extent tha t the increase 
in th e allantoic fluid is sufficie nt to neu tralize th e effect of a rapid 
drop in the amniotic volume, a nd th u ~ in this month the tota 1 
volum e remains practically unchanged. In the last month tbP 
allantoic fluid is doubl r rl and as a result of t his the total volumt· 
Rhows a distinct rise, in spite of th e contin u ed clecreaRe in amnioti•· 
fluid. 

No . j ('In". 
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+ 
.) 

l i 

I 

1,-t llWllth. 
:!nd month .. 
3rt! month. 
4th lll Ollth. 
lit h month. 

TAHL E 24 . 
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Jn T:llll P :2.5 it i s 'een t h at, a .~ regard::; hydrogen io11 c:on ccnt.rati o11. 
thc•re are differe nces IJeh ,·ee n t he two fiuicl~; a lso i 11 ear:h fluid th i ~ 
f"(llJ Ce iJtrat ion clpc·1 en~ c ·s 11·ith lh e acl1·anee of ge~t,ltion. Ho11·ever, i11 
hoth flui(l~ i Ii i~ r(' du ction is sig-nificant only in t lJ<' ~ccon cl mon th. 
affpJ· 11·hil"h i hP ,-,niahon s <lle ;,;li ght. ThesP L1ds arr illu strated i11 
Fig. '2 1 . 

TAliLE 25 . 

lfyd1·oven l u11 Concen t ra l:lon of Fl,"/'1-'. 

Groups of Ewc·s . 

No. I ( 'laR,. 

- -

2 Jst mont h .. 
3 :!nd month. 
4 3rd m onth .. 
5 4th month. 
fi :i th month. 

I 
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Fig. 21.- Hydrogen Ion Concentration of Foetal Fluids . 
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The specifiC' gravity of the fluids is considered in Table 26. 
Due to insufficient data for the first month, Group :X o. 2 had to be 
omitted. All that may be concluded from these figures is that the 
specific gravity of the allantoic fluid is always higher than that 
of the amniotic. All other Yariations, even the apparent steady 
downwarcl trend in the case of the amniotic fluid. are insignificant.. 

'rABLE 26. 

Specific Gra'V?;t ies of Plu·ids . 

-

GROUI' OF EWES. MEAN SPECIFIC GRAVITY. 

No. of 

I 
Ewes. 

I No. Class. Allantoic. .-\mniotic. 

- -

I 
3 I 2nd month . .............. 6 1 ·0075 1·0045 
4 3rd month . . .......... . .. 5 1·0123 1·0042 
5 4th month ..... . . . ... . ... 7 1 ·0127 1 · 0043 
6 I 5th month .. . .. . .... . . . .. 5 1· 0114 I 1 · 0026 

I 
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lhsc·us.siun . 

ln the fai lu re of the hd a l , . llhlllH' of foetal fluid to increJ O't' 
cluring t h e fo u r th n10nt h of preg nam·y lies tht• explnnn t.ion for thc· 
peculin r flatte ni ng ob t> ern•tl ill m ost of t h e c1un•s ch•a ling with 
g ro1Yth uf t he 11te ru s nnd i ts parts . Apnar eJLtl y to ~o llt c ext t'n t 
enlnrgem ent of these parts i ~ depeud en t npon t he ~tretching eff ect 
of t.he foetal fiu i (l s . )iorcowr . at thi ~ t im e. t h e flu i d ~ con stitu t e 
a Yery la rge proportion of th e ,,·pig· ht of t h e e1din· foe ta l s_vsteiiJ. 
These fact s lll a ke it cJ ... ar wln · in ib gTo1d h 1l1 P 11 ten 1 ~ should 
follo"· :\ f'0 11 rR C I'CSClllbJing t'IO :' t·J ~ · thfl t of i11 t' lllt ' l't':I ~ P Ill YO]U I1l<' 

nf th e fl ni d ,.; . 

B oth as rng a rd s lty choge n io n c:o nt ·c· n tra tion :1nd ~ jw < ·. ifi < : gravity 
the flu ids cli ft't'l ' 0 11 !' from th P oth er . In other r hy,; i('al p roperti e,.; 
t Jte:il' tJift't • n• LJt't ' ~ :ti'P a J ~o l Pt'Oi.Ol izub)t". ] II !lH• P::J rJ y s tages oi' 
preg n:1 nc1 huth :fluicl , are (' lea r , c: ol ourl es" an d lnti cry. T hi s j, 
mainbi n<· d un til th <· 45 th d aY, :d 1rhi ch lim e t lw :1 ll:intoi.c fl ui<l 
turn :-; s li g htl.l· d ul!tl y . nm·l ug t lw fo llrl\\· in g hi' () \\'eeks t h is 
turLiclity l w t ·o iiH'~ more pmJio\III C<!rl :111cl a lentoll t in gP ap pears in 
t l1 e pn·1· iou.-<1 .1· l' u l u url e :< ~ Aui d. Th i~ becomes 111 on • in te nse :lt Jd 
then gTndu :d h c·h :1nges to amhPr. At th e Shl tl:ty it is rl iffi ,·ul l 
l:o dPci dt • ,,·h id1 of t h P h n1 colou rs i, pr p,.; c- nt. h ut :1 \I'Pt··k l:li c· r 
t h en • iR no l nng Pl' :m y doubt. The brig·h t :llldwr .. olo lll . t hen ~ee 11 
darken s i. n tn :1 f.tol dP n brown . ,,·hi e.l1 sh:~tl e i;-; PJII 'O IIIIi t·n· <l thrm1g hout 
th e r eJ ila in <lPr of the period . Th P tnrh i<lit.1· ]ll'l 'l·io us l\' lli Pn t.ionf'd 
i ucrt'n s<•s until t h e encl of t l1 e thircl m unill , a s <lot •s t lw vi scosih . 
D ur in g- t lu • b .-< t t"·o m o ni l1 ~ t lw Huirl ag :1i 11 ll('cnnw s II':JtPI'.C cle;ll. 
a nd p rac!ic·:t ll Y t.nmspan·nt . 

ln t he am niotic fl ui <l thP IP IIII JII tinge is ,.j,_ih l"' :Ji· th P 52n <l Lb y. 
\ Vithin <1 ,.; bent ii.mP it ltn .-< c hnnge d to a mber . h11 t tlw latter slwrlc· 
is TIPYe 1· I'Pl'_l' <l PPJI . Du r in g- t hP fpnr tb Jl )() n th tl11 · amber .. olm11 · 
di.sappP:II ·,-; :lll<i i ht• iJuit] :I C(J11irPS :1 \'P l'Y ] ig]ti ,!.','l't'P II f' O)OUJ'. l n 
t lw nw:t n ti. m e th e ,·iscositY :1111l t.h ... t u rb idi tY h<~ n· i n cr eased s" 
t hat b1 th c• PJili ol th e· fc;mtl1 l!l on th tl1t• :m; uiot i .. flu id is t hi r·k 
fl nd ' 'syrupy" :1nd lt' l'.l' ..Jourl ~· . 'l' l11· .. nlour v:tri es fro rn a pal <· 
gree n to :t di1·ty " ·h itP . Dn r ing t h P Li tP r .'i:tg;e~ ;1 fnir amount n l 
lll Pf· tm ill l ll is fount] in j), p :llllll inii <· n ui.J . 

. \ll d P Lt i l ~ n •g·ardi ng :Jgt ' , 11 e ig· IJ1 :1nd cl i me ll o' ioll :' of th e entirc• 
t>f'l'iPs of fod u:>PS :11 ·e p n~:'t ·n h• <l i n i<Jlnl ia l· fn rlll in .\ppen dix A. 
T he tr<> nrl s of tl~t • g· ro1dlt pro< ·r·ss <·,.; <•.'\ h ihi ted l11· thc• sp observation .' 
a re hesr .-<t 11tli (' tl i'l1rou g h tl1 e p ro c < ·.s ~ uJ c·un.'e-fitti11 g. l n onler 
not t·o J·om pl ica tr • th e tf'xt. 11· ith st ati -; 1ic· nl t echni <· ali t ic•s all debil s 
of t hP p r·or·p tl urp 8doptP<l it a 1·e hee11 rp)eg::JterJ to ~-\pp Pndix n. 

1. ( ;·1'0/l' tll. J ll ITPI.!Jhl. 

~f:, c l> o lr t> ll et al ( 1927) lll:1 i 11 t a in that 11h en fo r a sene,.; of 
fo et uses t·hp natm·fl l logm·i thms of :1gc• :ne plnttPd again st th o~r· 
of th e rorn·s pmHl ing l>eigh b, :1 ,.; tra igh t liJl e di ~t ribu tion results. 
H mi'PYPl'. in their II'Ol'k ag·p is ('3 l r·1Jb t Prl no t fr om thr mo m Pn r o f 
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ferl iliza t.iou of the onuu, but from t h e time of fonua tlo11 of th e 
'· embryo prover ... '' So Ji,; tind is the liucar trend vi th e chtla in 
Fig. 2:! that one is l ed to ~ 1U'JIIi se tl1at. in spite of the dift'er etH.:e 
in the w ethod oJ computatim1 of ng-e , he1·e too thP general t.nw 
of ..\fa ~_;Dowell 's formula will hold good. ){oreover, it is possiblP 
to fit such a line to the clatn aml t·o obtaiu a n"sldt sig nifi('ant at 
J per c·r·nt. proba bility. ::\l eYCT!IJ elPiiS, the poiut,; Tepreseuting- the 
actual obsen·ations are no t t>venl:v ~ea Lten·<l ahout t hi,; straight li_ne. 
\Vheu , by the u se of antilogarithm s, a weight-age· c-urve i;; 
c:onstrncted from the fonmda. it h t •c-OIIlP:i quiie e \·iclent that the" 
form ul fl. in qut·stion clot>,; not g-iYe n good rep1·ese ntation of thl' trenJ 
of thl' data. Towards the l;,t te r l:'ntl of th!:' perioJ t he c un l:' rises 
much too steepl~- nnll t hu~ pa sse,; \\'f'll to tllP left of all t lw :1 l'lual 
ob-sen-::1 tion;;;_ 

z 
I!. c 6 
-: 

-. 
- J ·O 

2 ·0 

Conl·inuous line drawn ro forrnu lo 
"/ . 9'~161 )(. - 0'460"2X.~ - :~.;) .,. 77'0 

• ReP''ese.n\s flduol Ob!>eruation 

2.·5 l·S 

Nato tal 
~ -0 ~ 5 

* P1·o ba bJy the stage with the primitive axis established and with the 
formnt ion of somi tes just comme ncin g. 
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In view of tlte abo1·e it he~.:omes n e~.;e,;--;;~n· to Le,.;t t he ·· fit .. 
of a para bo l<1 . The r egression formu la ohtni ned 1s : -

L og e Wt \J·2167 Log,. Age - 0·4652 (L og,. Agcr - 25·8778, 

a1Hl th<~ ('UJ.ltinuous line in Fig. 22 i ;:; dra wn from it. Both fador,; 
b, and /1 2 (see Appendix B ) are hig hl y significant (at P = ·01), >Yhile 
t h e co e fhc i e rd~ of variation i ;:; ~0 · ()7 per cent . , which i;; 4 p e r r·ent. 
lo1Y er i hnn t hni, of t h e st raig bi -liu e fonnub. Both in :Fig·. :2:2, anrl 
in lbe wpig-hl-ag-<' r·unt' in L"ig- . :.!0, t h e <leiua.l data art· well 
sca tLerP c1 around lht· r·un·es , in d i(' atin g t lwt th e form uh f ro m 11·hi c h 
these c ut'l'e,; an· eunstrud ecl gi1·e;; a t nw re pre;;en bt io n of th(• ht'lld 
of t h e rlata. Th P figure fm tltt• t·<wflir ·tPn t. of variali un (:20 pe r !'P II t. ) 
i. still hig-11. but. in Yie11· of tht· l :1r1-rt' ,·ariat ions i11 thr or ig inal 
.Ja b (HPP diifPI'l'lir·t•,.; in \\ ' l"lg" hf ,; oi' foptn HPS of i<lt-•ntil'al ag-e) i, hi H is 
o nl y lo he <'-" ]H'I'iP d . Fitting· to a f urlh e r •l r gTee ll'ill r·p r·tainl y n ot 
\win g· ahont :-~ n y inrpro\PIIH' II t ;rr11! ,,· ill o nl y ,;p rTe t" t· onq>lir ·; II P Uw 
fPI'IllllJn. 

I t is !;On (' ludt •d th;ri t h r- <1!-('< ' ; Ill(! weig-ht da ta ohlui n c• rl from 
the He ri(• fl of Mt• rino fo et. u ~l' " a rp iJPRi. ill-t Prl ll\' a r·un·1· ol' t ii P ~~· t ·o nd 
rl eg ree . ' L' hi ~ type of fo r111ul a produ r·t·s <1 r·111 :\'!' 11·ith l\1'!> i n f:tPt·tiom;, 
1he fir~ t . t·nJr n•x . a nd t h r- ~e•·on tl t· o nt ·ayp to t he axi,.;. In l•'ig· . :2:: 
tlw ,;r r·onrl inflpdion is nut di st inl'l . ~ p\·c•rthe l e .s,; Hrt> n•t;m l in!!· 
effect o f th e far·tor ' · 0 ·4652 ( Log,. AgP) 2 •• is l'vidPnt in th e 11·id enin g 
and HattE' rJ ing .,r t h t> t·un·p durin g· llw lattPr part nf pre 1rat<~l lift' . 

'l'hl' pre,.; t•nr·r· of the ,.;e('ond .intl t•dion i,.; of im J>orlant ·t·: ne l·er­
t h e lP;:;s it has e ii lwr not Lent rer·og-11 ised o1· it;; ;; ig nificant ·P h;l,.; nol 
bee n a ppn>r·iat·Pd iind lw s t hu ;; not h ePn str essP rl. I t h ;:J .s IH' e11 
('u stomary to loo k upon t h e p rena taJ g r owl h ntrve a s one t· on tinuou :> i:V 
r i sin g and joi11ing on tu t he initia l pa r t of t h e pu.-;tua tal r· tn·v e 
witlr out a ny s ig- nifi r·ant hreak. ~011·, ho11·p yer , it b<'t'O Jn es iiJ! JHlrPui 
t hat , at l eas t i n the ca se of lhr· :Jier in o fo l'i us. t h e pre n niu l g- rowt·h 
cnne ha s bot h <H·cel erated and r elarrl e1l p hases anfl that , if t he,.;(' t wo 
phases toge t her con stitute a " g rowth-ryel e " , t h en it 111u st be 
ron elud ed that mJP su rh cycl e is (' Olllpl<•terl b efon• thr hirt h of thl' 
lnm b. 

l t Ita ,; ht•t• n ,; holl'n b \· ~t·aJJJ J II O J J antl Calkin s (l9~:J ) th a t gTowth 
in l eng-th of t lw lnmwn foP! u s i,.; best r epresent eel hy :~ eurve of 
t he SP('ond rl<·grP r. This appears to support the abm·p l'On eln sion,.; 
and t hu s sug-g-est" tha t t h e gnmt h of' a ll fo e tal rli nH•ns ions fol l o1Y ~ 
a. s imilar lrt' n<l. 'l' hi ,; surmi ,.;e will l H· tested latPr in t hi ;; work. 

Sea rnmon (1922) maintain,; !hat th e r e is no s udrll'n <·ha 11 g-r i n 
growth at t hP t im e of birt h , hut that tbP t r am;i ti on is gTarlual. 
Kisl ov ky and J,mThin (lfl3 1) state t h nt in the bovin e t herP i;; l it.tlP 
d iffer en ee he t wee n th e re latlYe g r owth-ra tPs just befo re ancl jnst 
after hir t h. fi'rom t h e aboYe it iR !o be r·onclurled that th r r r an' 
no abr upt chan ges of direct ion of the PUITe at the t im P o{ birth . 
It is a. feature of the curve rl esf'rih ed t ha t t h e second infl ec t ion 
makes it pos, ib] e to link up prr- aud post-n ata ] r·unPR in a man ner 
which sat i sfi es t h e abo Ye conditi o ns . 
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Fig. 23.- Gnm·th •n Weight. 
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