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[( mu~( Le ~tre~serl here that thu,; far ab::;ol ute growth ha,; been 
under con~i d erativn . The curYes mentione<l are of a cumtdatin· 
nature aud i ncli ca te at ea!:h ao·e t h e sulllmation of :tll the gai ns up 
to that. litao·e. T hev illustrate "'th e co ur,;e of rq·myth i n weil!ht. For 

b "-' 0 C./ 

t;omparaiiYe ptlq>r'"l'S it is desirable te l,e a ble to express theH' 
valu e;; as r elaliH OJ' percentage figures. ln or der to :tYoid tli(• 
fallaci on ;-; r·o 111ptt tations so oHen enuountererl in work.; of thts nab.ll't', 
it is es~entiaJ to remem ber thai, h .v virtue of t l1e con;-;tantly changing 
mas c; of t:IH· g ro,,·i ng foetu .~. it is impossib le to n rr i ve :1 t a t ru P 
rle t<:• rllli natio n -of tlw pe ru,ni.agc• growth- ra te throug·h a ny calculation 
kt se r l upo11 t h P .. simp 1 e in terec; t " uon !'e p tion . The l'lTorc; in tro
rluced by ~ u c li 111 etlwc1 s are ex posc rl by Jhody (192111), whu c; l w11 ~ 
t hat t he rates 111t>nt ion ed l• .v 11i not (1808) :tre all too ltigh and th:il 
I hr !'X:tggt>ralio n i .-; greai(•st 11h e n the· rate is ltigh r;:;i a n(l wh t> 11 
t lw ti m r· i.Ttter, aJ h ehH•e 11 s ucr· e.~si ,· e o1Jsr· rYation s is long. 

The gro\\ t l1 process i s h esl likened to t l1e iuuease of ea pital ~e t 
qut a t int e re~t 11· hi.e h i s being co mpounded i nstanta n eouc;ly, i.e . ihv 
iocrPnleld for o11 e i nstant forming part of the r·apital for thr· 
fo llo"·ing in .-;ta nt. 1Io\\'e1·er, the rate of interest ( 11·hich i:s tht· 
percentag-e g ro1dh- rate) r1 oeH uot r Pmain fix ed. b1.1t is suhjed to 
ehang-p clttriHg' the 1·om·se of prenatal lifP. 

Bro1l.'c (1 9:2 i u) app cea rs Lo have br~eJI t he tir;-;t i nvr·st igator to 
appreciaLP thr"SP fad;;. By recourse to the •·:t 1.-ulus he is ahJr to 
rlemonsbatr· t ltat ihe gra ph resulting frolll tl1e plotting of the natLHal 
Joga r it lll1l t-l of \\·eight agail! s( agr• adu:tll _v !.P ]Jl'f' Sl' l Jts t h e trend of 
Lhe ios l.a 11 taneou s gr0 11·t h-rat e, a nd that t he s low· of t he cur1·r" :11 
any poin t i;; an inr1i('ation of t h e growU1-r:tte :d th ;d Jnon~t~ n t. 

l<'rolll tlu · d a ta at. hi s di s posal Brody ( l r!:27/J ) !'onducles that 
,; uclt inst anhlltr·ous gTowilt-rale uun ·e;; are composed of se1eral 
segmen ts set ai Y:try illg· a nd rl eereasing s lopl'. 'l' l111 s h t> 1na intain ,; 
t hat t h e g row th-rate remain s stea d v on·r a cons ider:t hl e 1w ri orl n nd 
t h en c ha nges a bruptlY to :1 lower ·IPvel. 

Jn l <'ig. :!.f i~ presented the l'lii'Ye fo r in . .;(ant:meous growth
rate of t he .Jierino foetus. The dots represPnt t h t• adna l observation,; 
while t hP co nti nuous line is rhawn thnnwJ1 points obtained hY 
p lott in g- \Yeight va lues calculated from the fo rmula preYiou;.; l ~· 
nwni ion eel. It is ohserY ed that t h e r esulting g r:lph is a ~nJOoth curn· 
cmlly\ e to t he axis of the fig-1 1re . This i~ cordra ry to Brody's 
fl n1l1ng-s, for h e re t h er e is no eYidenr ·e uf s (rnighi seg·menis. Hen· 
t he d en t-:tSP in t l1 e r ate of gTowth is sp rea •l <'YPnl.' · over the ent in· 
period a n rl i s noi' li mii Prl to t·erta in Yen· sho r t and " ·ell defined 
~nten·n. l s . Tt is h anll ~· like!\ · t l1at the d~ffeJPnr· p in t lw se finrl i;tgs 
ts attnbutahle lo th e sp ec1es on whil'h th e oh sen:t1 io ns haY!' hePII 
Jn arlP. Not on ly dops Hrorl _v' s work I'O\'('r a 11·idP r:1ng·e ( t he r:tt, th P 
guinea- pig-, the chick nn1l man ) h ,1t al so rP~anling· the l:m· ine ~i mil: 1 r 
results :UP daimerl h v KiRlovs ]; _v :lllrl L:tn·hin ( J<n l l. On the otl~t·r 
hanrl. i11 th eir .wo rk . on tl~e mon sP . M:n~·Drm Pll e/ o1 (1927) prese n t 
a cune a lmost 1;l ent:c_al. wtth t hat 1n F 1g-. '2-t. Tlwre is m u ch point 
111 these a u thors l' l'lh r1sm of HrorlY ' s work. n:llnr·l .'· that thP rlata 
on whirh h e relied were unsatisfad.or:v an d that lw failer~ to re::disP 
that :tny eurYe ma.'· h e apprnximai'Nl l lY a ;:;pries nf si rnig·ht lin e,;. 

488 



-=-
<1' 

' ii 
~ 

0 

-
-= 
;; 
')" 
0 

_J 

0 
:0 

'll 
z 

.J. H. T.. C J.O I·:TE. 

Both Brody and KisloY:-;ky a nd Lanh.in JJJ erPly p lot their data on 
arithlog paper and t heu Jra\\' their ,;i rai p;hl line ~ by im;peetion . 
B rody (HJ:!7a ) actually claim;; fol' lhi;:; m ethod th e ;;pecial m erit 
of keeping t l1 e normal trend of th e 1lata more prominentl5· under 
r·onsiderat ion , a,; comp<necl with thP t t•tlfl t> nl·y i 11 thP m etho1l of lea st 
;;quares of stresRing l.lte deYiations ±rom thi,; nor n 1al t1·eud. How
e \·er , hi s argumPnb do not <~PPP<ll' to <~itel' t the pre,;eu t "i tuation , 
in which both t he actual Llata and t he ' ·fitted " 1lab :J l't' plotted. 
\ Vhen it i s oh.~l · JT t•rl t·hat the n umbe rs of ohse !'va tio n,; in Jhodv '~ 
antl in Kislovc;ky :llld L:uehin' s work; <~l' e limit ed , ancl t h:1t th;:H·' 
are fa ir cleYi.ation,; from th e a ctual lin e,.; rlra·wn, tlwn it mu~t lw 
rPali sr•rl that thf' ir f'oncln,;ion,; are op (' tt io critic i;o; Jll. 

F'i g . 24 .-Uu n· ('~ s],owing l ll , tanta ll eo ns G rowtl1 - rate a nd A\·<·ragu P er centage 
Hn tl' of (;rowtll in \\ 'ei ght. 
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It JS significant t ha t i n t he pt·e .~ent iu1·<· stigalion and 111 

~[a ~:Dol\· e ll ',; work . \\- h Prf' effo r t;; ha YP hee n JHad p to limit the fado rs 
li h ly to ,. ~ Ill :> ~' Yarintio tt S in fo eb l >Y eig·h t a n<l wh 1·re relat ivPly large 
nmllher~ of oh:>P t' Y:dion s haYe heen recorrl erl, ,;mooth r·m-ye ~ a re 
nhtained. Further, it i s appare nt from Fig. 25 th at when the 
dw ncc deYi:1tion s fro n1 the g-eneral trend are elimina l e<l t h en th e 
plotterl poin t,; :Ill fnll directly on a smooth r urn:' . 
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It mu~t be conclud ed t hai t h1· 11·eight of e.-ideuce is against 
t h e oceun·pnce of abr up t ' · breab , . i 11 the growth-rate . In the 
sh eep definitP!y (an d mo~t pro babl y in ot her mammals too) the 
rate decn~fl ses in a stea d)- ;1 r11l Tegular m<HliH'r throug hout th e course 
of prenatal life. 

The inst a ntaneou~ relatin~ g rowth-ra te (designaterl K) may he 
ca lculaterl on <l daily hn ~i s from th e fo llo11·ing formula: -

K = Log e W 2 - Log .. W1 

T2 - Tt 

where \\- ~ ;md V\~, are the foet;d ~~- e [ghts at ilw ;~ g-e s '1' 2 and '1\ days 
respec·ti n •ly. 

Th e figure obta ined. is an aYe rage 1·alu e o1·er t he perioll 1', to '1' 2 

days. A~ it· has been noted t lwt t-lw rate of gnmt h is ,-hanging
continu ously, the va lu e obtain ed will vary somewha t IYith the 
length of the ]Jeriod ('1\ - '1',) . 'L' hE' a iiJOUJil·. uf ,-;t ria tion 11illnot be 
l arg-E' . Ilowever, for I'Olll]J<tTatiYP pnrposes it will he lwtier to J,eep 
the perio1l r·onstant for all su('h ealculation ,.;. 

By mulhpl y ing thl:' 1·aJ ue of :K by 100, t h l:' r;d e mu y be 
expressed a s a percenh1ge, thu .--;: -

Tn stn nt.mr'OilS (,-\1-er<lg'P ) p('IT P!l tag-e rate P<'l' day I no X K 

Log " W 2 - Log ,, ~\- l X 100 
T 2 -- T1 

In Table :21 are tabula ted 8 Lll'h pen-e ntage rate:; 1·alctdaterl over 
perio<ls of five cla?,; at twenty d:tY inte rvalR t h roug'li out the foetal 
period. 

Grou·tJ,-Hotes. - P er Cent. P e1· Da.'J. 
---- - --~---_ ~ -~-~-~-~~ ------~ =c=c=--== 

Dayo-
20 to 
40 to 
UO t o 
80 to 

100 to 
120 to 
140 to 

;2;). . . . . . . • . .. . . .. .. . •... . . • . . 

45 .. 
65.---.- ... . 
85 .. .. .. . .. . .. -

105 . --- . . . . . . ... - .- .. .. .. . . .. . . 
125.-- --
14:) .. 

\ 'a.lu e of I{_ 

0-:!t>:!-f 
(1 -1350 
0-0860 
0- 06:?0 
0-047fJ 
0 · 0:387 
II· O:l~:l 

l'c r cent. 
:l8 · :l-t 
1:{- 50 
8 -60 
fi-20 
4· 7fJ 
:1·87 
:1·2:3 

The h hle indicates d earl y t hat the p e.rcenla ge rates l'alcula ted 
by Minot (l£JOS) and others, 11·hil ·h run into :-;eYe ral hundred per cent. , 
are excessiYe!_-~- high and t hat. !he chop in the ea rlier stages is no t 
nea rl_,- as exaggeratP<l a-; t h ese \l'lJrkers learl one to expect. The 
rates aTe com p:1 ra bl(· with thoi;e calculated h ~- Brody (1927b) for 
the rat (53 per cent. ) , the guinl:'a -pig (10 per cent . to 4·6 per cent.) 
a nrl the human being (P, prr <'Pnt. to 1-'25 pPr cent. ). It. i s also 
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interesting to note th at Brody (1927b) calculates the pe1·centage 
daily growth-rate of the sheep during the first few weeks of post
natal life to be approximately 2 per cent., which is only slightly 
lower than that given above for the 140-145 day period , thus lending 
weight to the contention that the incident of birth is not accompanied 
by any drastic change in the growth-rate. 

2. Growth in Length. 
In view of the con±licting opinions as to the best method of 

determining the length of foetuses, and the fact that these opinions 
all rest upon a theoretical basis, it has been decided to consider here 
a few of the most usual methods, and from the results of statistical 
tests to conclu de which are the most useful as a guide to foetal linear 
development. All the dimensions considered are described in 
Chapter 3. 

Fig. 25.- Growth of Straight CrowD-rump Length. 

Cont on uouo;, hne dra wn to formulo . !l. 

Loqe. y · 6·11'1.5 Loqe X.- (}4'30l(J..oq.,X} "1..,:1.40 

Fo~tal Aqe 1n Ooy~ ( :x:.) 
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t he secourl inliection of the growth cune lwb heen appreciated b~· 
workers who h a ,·e failed to detect its existence in connection with 
" ·e1ght d11ta. 

TABLE 2~. 

G1·owth Rates .- C. R. ( .~) Per Cent. F er lJO?f · 

Age. Value of K. Percentage per day. 

Days-
20 to 2.~ . .. ... .. ...... . . .. . . ... . . .. . 
40 to -!5 .. . . ......... ..• .......... . . 
flO to 6G .. ... .•. . .•.. . ... .. .. •. . . . . . 
80 to 85 .. . . . ......... . .... . . . ... .. . 

100 to 105 ....... .. .. .. ... . .......... . 
120 to 125 ...... .. .... . . ..... .. •.. ... • 
140 to 14.~ . ... . . 

·t:no 
·057ti 
·0330 
·0217 
·0154 
·0114 
·OORS 

l'er ecnt. 
13 ·70 
5·75 
3·30 
2 · li 
1 ·54 
1·14 
ll · gs 

Fig . :27.- Gro\\·th of C un·ed Crown-rump Length. 

C onti11uous l ine drowh to formu\o 

' 
L a q .. 'f ~ .of.-·H:1.6JC.Loqe .X. - 0·:>311 (Loqe x.)~- 9 •1\l55 

· . 

c "' 
. ., ~0 40 :;o 60 70 io 9o I OO 1•0 •>o I .)Q 

Foe tal Aqe in Day s (X 
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The secoud dimensiou to be (:unsidered is Cur t>OD and Malan ' s 
(193Ua) curuil CT01 1"1 t -ru m]J ll'n,r;th. The best-fitting cune is a 
parabola similar to those a lready considered. The formula is: -

Loge C.R. (c) = 4 · 4128 Log,. Age - 0· 3311 (Loge A!!r) 2
- 9·7855. 

Although the signifi cance is ma rked , th e coefhcien t uf Yariation 
is 10·34 pe r cent. [n Fig. 27 the dnt:1 are less evenly distribu te (] 
than th ose of the straight crown-rulllp leng th . 'rhus oue conclu des 
that in spit e of the theoreti ca l ;~chantages of th P nnYed OYer thP 
straighi line , t.h e lnt·ter . "·hen m easured acconlin g to a set phD , 
is thP less variable and h ence the morP usefu l of the t \YO . This 
hafl alrearl;v been indir atecl in the " ·ork of )fabn and C'ursou (193Ga) 
in whose weig-ht-length diagrams t-lw C1lt'Yf'cl lll t' :tsurem en t gave n 
less fi at ishdon· " £ t ·· th:lll tha t obta in ed "-ith t lH' ~trr~ight line 
clim e11sion. 

Fi:.;. :2 R. - Gro 11·t h of L e 11 g th of 1\ac k-li n c . 

Cor1hnuou s line drc'v"j n \'o formu la 
loge '{ ~ 4--12. 10 .loqe X. - O·;;l.6'tll {.l..oge x_) l- - 10·0'094- . 

Foe.t al Aqe 1n 1) ays (x) 
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Undoubted[:'> a fair propor! io 11 uf the ,-ariation of l uis lll easure
ment i s direet.l_,. attributable to th l' clifticulLy uf taking- p r eci s(-' 
reading,; ,,·lwn one of the la ndmarks is as .-ng-u t> as th e "root of 
the tail.. . Apart from thi,.; technical d if-ficnl t.' t here i s t h e fact 
t h at thiH dimen sion i s aftectP.d not. on l .' hy g ro\\' th in t lw directiOn 
of the lon g ;n:i s of til.e body, lm t nlsu by gTOII't.h at right nug les to 
I his :ox i ~. i .t·. in the l eng·th of tlw hcnd . Tt i s di thcult. lu :iee ho,,· 
su ch a ' · eo n1posite .. 1in P can lw t'.\ ]lw·tf'rl t.o n•pn·st· ni. ~ati~f:wtoril:v 
! he lin t' ill' e nlarg·ellll'llt- of' tiJ,. body. 

Continuous hne drown to fcrmulo 

l o'le 'i ~ +·~9't~ . Loo.e 't.-O·:l9+9(lcqe ).}-IO· '\-~?>~ 

0 10 :lQ .30 1-0 SO (,Q 10 ~ 90 100 110 1~0 I.)Q 14 0 

f oet<'!l Aq« 

In 0 r<l e r to :l l'oid l h t• abo,-,. nilic i:-;m th P hl':l d portion of thP 
nuved line has hf!en omitted in th e mf!as nren ten t of LI1P bru;k-line. 
The dah1 ob!aim•d art' plot ted in Fig. :2~ . in 11·hirh iht• co u li nnou,; 
line has heen rhnwn to the formula: -

Log,. B lac k-lin e = 4 ·1210 Log,. Age - 0 · 2687 (Log,. Agc) 2 - I 0 ·0894. 
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TLi,; fonuub i~ highly .~ i gnifi c ant Hen at the 1 pe t cent. le>el 
of prob:~bility. In thi~ l n ~ta tH e t lte coeffi cient of ,·ariation 1s 
.f · ~):j Jl t'l' I'< ' tiL , which t tJu.~i lH-' reganle<l aH <·xir eJll e l.v .-ati,faetor:\. 
Jl oweYer . in tlw <l etennina i ion of t his dimen s ion tlte rout of t he 
ta i l is again the c:tuJa l landmark . Conseq11ently it is nut .. mrprising 
to find t hat h_,. mea~1tring t h e length of the entire vcrtelnnl colum'll 
lt.e. the torfgoing lt'n!-'·i h pl us the t ai l ) tlw I'Oeffi!'ient· of Yariation 
r·an he J't'<htr·e<l to;} · ,') per rent. The to nnnla fo r thi, l'un·e. sh<nnt 
i11 Fig. :!9, i ,; : -

Lug,. \ ·.c. 4 · 3~H~ Log ,. Age 0 · 2~l4 ! l ( Log,. A,!!l~) 2 - l 0 · -!c383. 

The te,;t,; for , jg·n ifi c;nll ·t' Yi eld nosit iw J·e,;nli> :1t t hP l <" Y<~l of 
1' - 01. . . 

'J'!ti..; dilllt'll Sion d itrers fr om :\Jall ' s ( lDlU) · ' 1e r te hr:d column 
lengtl1 · · [or t h1' hum::nt l1Pi ng in I hat in t b e la ti <'t' tl11 · length of 
t l1e tai l i;:; di sregnrde<l. l n th e _, h, ·ep fo etus th<· L1 il i..; relat iveh· 
lon g , lt Pn C<'. perh;l ps. i b gn::1 tr r i 111 porta nee. l l O \\ en· r , i t n ppea r s 
that. t h P .>li ght. SUJwriority of tl1e 1·ert ebr nl co lu mn lt· ng!h o1·e r tl 1r 
h:wk-lin r i .~ t l1 e t'E"' ult of gre:1trr <~<· C1H:H·~- in t he meas urrn H·n t of t.l tP 
for111er, d ut · Pttiire l,- i'o t hr fad that in i· l1 i~ <·:~sr hoi'h l:tJHlmarl;~ 
a re ~p <·<·itif' . . 

[Jt T:~ld e :2~J aJP tal111late <l rl e i ai l ~ of tllP pnl'e ntage gro 11·th-ratc 
of the YPrtelnal t·o l ulllJI lt·ngth. Thr corre..;po ndi.n g figun·..; for tl1P 
hack-lin e re,;emhl f th 1·.-e ,-p r y ..],,sel)' . 

T .\ llL J·: :!8' 

r·.c. Lenyt/,, Per Ce ul. G' ·IO II't lt-No l t' , 

Days. 

Da.vR-
.20 to :!.-1 .... . ..• . • •.. .. ..... . ... •.. 
-!0 to .(;). . . . ... .. ... .. . . . .. · · · 
60 to ():i ................ •. . 
80 to Sii .. 

I 00 to [(I;). 

120 t o l:2:i ........ . ..... . . . . .. . . . . . . . . 
1411 to 14:) .... .... .. .. ... .. . ...... . .. . 

u' 1 0(1;~ 

0·0496 
0·030-1-
0·0212 
0·0159 
0·0126 
0 ·0102 

Pe rcl'nta{!O per day. 

l'er cent. 
10·94 
4·96 
:J- 04 
:! ·12 
I ·59 
I ·26 
I ·02 

l11 Fig. :)tl ic; pn·sen ted the in stantan eous gro "·th -l'<~i e cune of 
t iJ is <li tn en..; inn. Tht · a r·tu a l obsi'I'Yation .-; follo" · Yer~· do::;e]y th r 
smooth <·urY e tlra11·n fro m r·alculated len gt hs . Agai n t here i s no 
s uggesiio n '"hatsoenr of sirnight segments 11·i th sudden "breaks ... 
Tlw :-; ll:llll' of 1lw r·11ne is simil ar to that ohtainrcl wiil1 the we1gltt 
<lata; ~u too i.> t he gntph of averag·e perrrntng-e gTnwt.h-raie;, whtrh 
is nlso p lotiecl i n Fig-. :30. 

l i iR fn m11l t hn t the trend of gToiY th in all fou r of ihPse line:tr 
<lim e n::; ion s is hest represente(l h,'l- t·urYes of t h e serollll degree. In 
uo in si:t JJt· P is the seeoml inf1 el'1ion a t all di stinl't. 'l'here is a, fair 
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deg-n-·e uf s imil<11·i ty i.11 the a verage percm1 tagP gnJII·tlt-rates of thes!· 
di nwnsions. and :1t P:H:h pe riocl thPy are nll 11 ell be]o,,- the rntt• 
of g ro11·t h iu ,,·eigh t. 

Cnn,; icl Priug- tlw c:oefticienls of ,-nriation of these line::; i t i,; 
touucl Uw t tue ,·erl.ehral l:Olnmn lengi.l1 and th e ha ck-lin e· are tlw 
least ntria ld t>, and henc·p ( ht• lllOSt u sef ul dinwusio n~. Tlw stnng ht 
c·mwn-nllllJl ]pngilt is sligh!l,\· in ferior to t hem, but it. is cspecia .ll y 
usef ul in l'OllllPcliOII 11·ith fm•tuse" youngl'l' th:1n ao d:l.\':-1, in 11·hicJ1 

tlw fi nd t11·o dinH·nsion,; ,.:\J IIwt lw dt>tennin t>d 11·ith nn.1· cl egreP of 
al'<·u r:1c ·.1· . 

l'i g. :l(). - ( 'unps for ln~tant<< ll l'Oll S Groll' tiH'<~tL· :tnd ,\ ,· er<~P:<' l' t•rc·e ll tage H:~\1' 

or C I'OII'tll ul Li•llgth of \ 'p r tC'l> ral Colull111. 

'l'hl' c· un,·d ,-ro\\·JI · I'tllllp lPng· t·h is ,]pflniiPh i\11• least usdu l 
of tl1 e lll ea ,.;lll'l'llll'Jih I' O n ~il!Pred and , n•nH'IlllH'rinp; thP othl'l' 
criticisnb of this linl' . 111 <1.1. bl' d iRI'arclrcl. 

l t. i.-; lo J,e nut:ed t hat, the ,-op{iiL·it·nt of ,·ari:l1itJll of tl 1is di scank<i 
lint! is o nl y ha lf th n1 o f 1hP " ·eig- ht -cnnP. 11·hil P rega rding- Yrriehr;, \ 
c:<JltLJIIll leng·1l1 thi~ fraciin11 ·is rPclnf'ed in on <' - fifl h. '[ \, e~e filllling~ 
nn· f'ontran· to thr fl1i~l'r1 ion of (\uw n ancl :\fnln11 I 193Go) 1h:tl 
" 11·eig h t ancl lt•np:t h nn' t>qua ll~- nninhlt• . , _ H:l lliJII On<l ' ,.; (l!J21) 
~ta t em t> n l t hn t .. wt>ig·ht i;-; morP Y:n iahle than l rn!--(·t \1 .. is applicahll' 
11·ith eq n:d for r·p in thP fndnl, n,; ,,.t> Jl ns tht> po~l-11nl:ll pPriocl of 
nni mnl li fe. 
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3. " TiVwight-Length " Hcttw . ·· 
In studying th e \ V eigh t-Age and ]_,ength-Age curves just 

dest.:ribed, it is found that wheu the weight of a particular foetm; 
li f'<> a.boYe t he trend lin e, t l1e point 1·epresenting t he lf'ngth of that 
foetus also tends to fall a.boYe the smooth curve. 'I' hi,; suggests t hat 
there rna y he a. distinct wnel::ttion between the sf' two c haracteJ'i,;tics 
and tha t 'it may be profitable to calculate for each foetus the " ·eight
length ratio, and to study t he trend of this ratio wi th a Yle \Y to 
determining ''heth er i t. would not prove less Yariable th;m either 
of t he two (limensions from "·l1irl1 it is ca lculatE'!l . 

"-
0 

E 
£ 

Fig. :n .- R elation het"·eon \Voight-Length Ratio and Age. 

Conhnuous ' line dr-o \Nn \ o fo1mu\o 
4 · :, - :.0~5 "- -ll ·'il ·H+ 

4 •0 

Na~ura\ L o(laril·h m of 
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Although it has been proved that the length of the :'er_teb_ral 
column is the least variable of the length measurements, 1t 1s felt 
that, on account of its total disrega1·d of the head, t_his dime~sion 
is not the lllost suitable for the purpose of calculatmg a welgh~
length index. Consequently, the straight crown~rump length ~s 
preferred, and in each instance this measurement m centnnetres 1s 
divided into the weight in g-rams. 

In Fig. 31 it is shown that the plotting· of the naturallogarith~s 
of these inilices against those of the corresponding ages results m 
a straight-line distribution . rrhe continuous line in the figure is 
drawn to the formula : -

Loge W . L. Ratio = 3 · 3025 Log e Age - ll. · 8444, 

which is highly significant, but ha s a coeffici ent of variation . ~f 
17·3 per cent. It is quite evident that the !'Omputation of tlns 
index will not sen ·e any useful purpose . 

Figure 32 is inserterl mainly to indicate that the formula 
mentioned does actually represent the true trend of the data and 
that the large coefficient. of variation is clue entirely to occasional 
marked deviations from this general lin e. 

4. R egional Ch·mcth. 

Growth of the body as a whole is merely the sum total of growth 
of all its component parts. I£ the rates of gro"th of all these parts 
were identical the body would increase in size n·ithout in any way 
changing its shape or its proportions. However, it is \Yell known 
that this is not the c a~; e, and that gTO\Yth and moulcli11 g of shape 
proceed haJifl in hand. Regarding the sheep foetus thi s is ·well 
illustn1ted in an a. r1mirable chart pn"~ented by Cm·son and .Malan 
(1935). H ere outline sketches of a series of foetuses have been 
constructed to such scales that in every instance the h eight at the 
withers (i .e. the Yertical distance from withers to tip of toe) is 
identical. With their ba ckground of squa1·ed paper these 
illustration s allmY of a full appreciation of the changes in proportion 
which accompany the growth in size of the foetus . It is surmised 
that su ch changes must be attributable to differential regional 
growth-rates. 

In an effort to test this hypothesis in a statistical manner, and 
to obtain some id ea of the mod e ancl sequ euce of operation of these 
differential rates , a number of lin ear m easurements in different 
regions of the body have been recorded. When the trends of these 
data are studied it is found that in each instance the best fitting 
curve I S a parabola with the general formula: -

Log,. Dimension = a + d Log" Age + c (Log,. Age)2, 

in whieh r1, h and c rep resent constants whirh <lifter for each 
dimension < ·onsiderecl. The values of these eons t:an ts are tabula ted 
.in Table 00, in which are also inclicater1 the coefficients of variation 
and the results of the tests for significance . R egarding the latter 
X indicates signifi cance at the 5 per (· ent., and X X at th e 1 per cent . 
lenl of prohabilit~' · 
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l•' ig . 02.- Cha nge of Weig ht-Lengt h Hnti o "·ith Foetal .-\ ge. 

Continuous line drawn to formula 
Loq.. '{ r ~~0';2.5 , X Loq.._ X.- ll·'il+++ 

~0 
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'l'ABLE 30. 

Constants jo1· Formulae for Growth of Regions. 

Dimension. a. b. c. I Coeff. Var. I Significance. 

Length of head .... - 16 ·3521 + 6·8463 - 0 · 6100 8·76 XX 
Length of neck .... + 3·6166 - 2·2939 + 0·4114 16·71 -
Length of trunk .. . - 18·9550 + 7·8031 - 0·6635 4·07 XX 
Length of tail. .... - 13·4313 + 5·0861 - 0·3609 9·75 XX 
Length off. limb .. - 1.3·3832 -t- 5 · 9662 - 0·4289 4·72 XX 
Length of h. limb .. - 17·5845 + 6·8646 - 0·5128 4·88 XX 

Fig. 33.-Length of Head. 

Con ~ inuous line. drawn to formula 
Loqe y • 6·'a46 o x L og~ X--0 ·6 IOO (Loqe. x)'-- 1 6·j5~ 

E 8 
\.) 

, 
r; 

(, 

J; 

c: 
Q) 

_J "" 
!> 

.:l. 

-to t;o 6o 10 -ao so 1oo uo I>.O 15() •~o 

flqe in davs (x.) 

In all but one dimension the Y::dues of the com;tants are 
strikingly similar, the coefficients of variation are well helo\\· 
10 per cent. , and significance is marked. The cnnes llrawn to these 
formulae are presented in Figs. ;)3 to 37. :Jiost of these curves 
resemble closely those preYiously encountered. In the case of the 
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head and, t o a lesser extent, Lh e hu nk, th e second inflectio n i s 111ore 
plainly visible t han in any of the preYious figureR. There i ~ no 
doubt but that in iheir grmdh all t hese n ·gions follu,, · trend -; si 1nilar 
to tha t of the bod~- as a " ·hole. 

E 
lJ 

Fig. :3-J.. - Lengti t of Tt·tt nk. 

Cont inuous l ine draw n ro fmmu \a 
Loq., '{ ~ l '303 1 x Loqe x.- 0 6 53:> ( l o(\e. x.~) - 1 £> g 

110 I J..O I~ 140 

foeJal Aqe in da'ls (x. ) 

The striking exception is the n<' ck. Here the fig·ures :1re g-reatly 
at variance with those of the other dilllensions. T he ,;ig·nfl of the 
constants h:~ve also been reversed , thu s t lw inflecti on ,; of the par:1bola 
t ~ onstructer1 from t·his formu la "·ill be i.nverterl, i .l". the first will 
be concave , and the seeond convex to the axis of the figure. Hall 
this C1HYe been significant there woul d ha Ye arisen the difficult.\· 
0£ exp laining· why of all these regions, the neck should follow such 
an nnique growth-trentl. Hm\eYer , it is found that the coefficient 
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of nria tion is oYer lG per cent . and that both factors u 1 and 62 

(see Appendix B) are totally im;ignificant. This indicates that the 
degree of Yariation in lhe Dl'iginal <lata is such as to make it 
impossible to conshud a curve which ,,-ill represent accurately the 
trend of t hese data. It must be remembered that the length o£ the 
neck was obtained by deducting from the back-line the length of 
the trunk. From the abo ,·e results it is couclucled that this is nut 

Fig. B.'5.- Lcngth of Ta.il. 

C.on\,nuous \me dro'll\lll ~o io'l'mu\o 
LoC\e )- · :5<J'il61xlocxe x. - o·36o9(LCX\eX.t\3·4o\3 

Foeto 1 1\qe in doy~ X. 
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a satisfactory method of estimation. Consequently thi,; apparently 
conflicting evidence is disregarded, a11d so far the hypothesis that 
th e growth-tren(ls of rdl regions follow those of the entire body 
remains unassailell. 

Fig. 36.-:Length uf Forelimb. 

Conhr)Uouc:. line draw n \o (ormula 

L O'le Y = :5 966~x Loqe X- 0 -4:l59 (lo(\e l.j'- 1 5 ·)8,YJ. 

0 10 ~0 1 0 ~o qo 100 110 o~o 130 140 

Having found that there is no qualitatiYe difference i1• the growih 
processes of the several regions under consideration, \Ye may t:Oill:lm1t· 

that the differentia l nature must consist in the percentage growth
rates, i.e. it must be quantitative. In 'fr1ble :~ 1 are prese nted 
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Fig. 37. - L eHgth of Hindlimb. 

Conl·inuous line. drawn ~o fonnula 
Loqe '1 : 6·~t>+b xLoqe x - o-51'.1.11 (L.oq,. x.)'--11·5'645 

0 

0 \0 20 30 40 so 60 70 80 90 100 110 12.0 1~0 ,.,.o 
Foerd l Aqe in days ( x ~ 
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details of t he aYerage percentage gro\Yth-rates of these dimensions, 
calculated oyer periods of five clays at 2U day intervals. lt must 
h ere be stressed that the values for the first period (behYe en the 
ages of 20 and 25 clays) are purely theoretical, haYing b een obtained 
from the formulae by extra polation . Although the formula may 
have been proved to hold within the range 38 days to 147 days, this 
does not necessarily mean that it will furnish eorreet value,; whell 
itt> u se is extended b eyond either limit of the range. However, these 
Yalues may serve a purpose proYided one does not lose sight of their 
purely theoretical nnture . 

TAllLE :n. 
Percentage Grotcth-Rates of Re.r;ions. 

Head. Trnnk. Tail. I }'orolim b. Hindlimb . 

Days-
20 to 26 .. 13·64 l6·+:l J:l· 6!) 14· /:{ 16·42 
40 to 45 ...... ;)·36 6·U7 .:>·61 8·4S 7·12 
60 to 65 .. 2·89 ;;. 7l :>·37 ;)·88 4·20 
SO to 85 . . . 1·78 2·36 :2·31 2·65 2·84 

100 to 105. 1· 17 1·62 1·70 1·93 :?·07 
120 to 125 ... 0·80 1·1() 1.:32 1·.:>0 1·58 
140 to 145 . . ... . 0·56 0·86 1 · 0.) J . 20 1. :! :) 

-----

ln Fig. 38 these percen bge 1·a tes are all p.lotted against age, 
the midpoint of the five day period oYer which the rate has been 
calculated being taken for the ahsci s~al reading . 

It becomes apparent that in each in stance ihe rate of gro1dh 
is highest at the earliest stage and then decreases, at first rapidly, 
but later more gmclually. Further , in the earli est period all the 
rates are roughly ot the same order. The lmYest 1nte (tail) is 77 per 
cent. of the highest oue. By the end of prenatal lift> these rates 
have all undergone pronounce(1 reduction. At this time the 
differences between them are much greater, the lowest 1ate (head) 
constituting hut 45 per cent. of the highest rate (hindlimb). The 
most cranial portion of the body has the lowest rate, ''"hile the highPst 
rate is encountered in the hincllimh- the part most remote from 
the head. 

If the crown of the hea(l is r eo'anlecl as the starting ]Joini.. of 
growth, it is found in Table :H th~t the more remote the regwn 
is from this point the highe1· is its grmYth-rate at the t•nd of the 
prenatal period, i.e . the less has lJee11 the retnrdation to its initial 
ra.te. Also, the more distant the region the later (chronologically) 
wlll be the moment of incept ion of gTO\Tth in that region. From 
t hese facts it is concluded that there is a direct relation bet,Yeen 
the extent of retardation of tlw gm>Yth-rate and the time that ha s 
elapsed since the onset of growth in that particular part . 
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Fig. :38.-l'erccuta~e Gnm til-rates of different r egions . 

A B C 

Lenqlh o~ Head 
Tail 
Forelimb 

" Hind/;mb 
" Trunk 

2..0 30 40 so 60 70 80 90 100 ) 10 120 130 1+0 

On this basis it is incorrect to look upon the rates tabulated 
in the first line of Table 31 as representatiYe of the initial growth
rates of the regions under consideration. Obviously in the head 
region there will already hn Ye been a fair !legree of retardation, 
while in the hindlimb this will be at a minimmll. To arrive at 
the true initial or commencing rates of these region s it 'vould be 
necessary to increase the rates of the first period by a moun b varying 
in cleereasing order from the bend to the hindlimb. This would have 
the d!eet of eliminating the variations eneountered in the first line 
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of the table with the result that all the initial rates 11·oulcl he more 
or less identical. 'l'he rate for the trunk is slightly confusing, yet 
it must be remembered that t hi:; region is large and that while ome 
of its components are in close proximity to the hea~ , others are 
definitely remote from it. [n the lntter parts growth ,nll commence 
some ti1~e later than in the former.* This initiation of " new " 
o-ro11·Lh will lend to minimi;;e the extent of the retardation which 
;ill already haYe set in anteriorly. Thus the "slm,ing clown " 
of th e rate for the trunk will not be marked in the earli.est stage, 
placing it in the anomalous po ition seen in the table. Later in 
prenatal life thi,; anomaly disappears and the Yalue · for it~ rate of 
gro\\·th fall correctly between those of the head ancl the tall. 

It appears that growth is initiated in t l1e head region_ ~nd 
that it sprea ds wave-like caudally and to\\·ards the extrenutles; 
in each region the initial or potential growth-rate is t l1e same; from 
the moment of onset of growth an inhibiting force is at wor.k 
reducing the rate in a manner proJHH-tional to the lapse of time 
since the commencement of growl·h in the region concerned. The 
tendency of this force is to reduce the rate to zero , b11t in no instauee 
is that level reached during prenatal life. 'rhis is only to bl' 
expected, since growth ceases only after attainment of full a<lul1 
size. However, the earlier growth has commenced in any r egion, 
the nenrer will the rate at the en rl of prenatnl life be on thi,; ultim<Jte 
zero . 

All the 'f' ]JOiut,; are well illustrated in Fig. 38, the last half 
of which is very regularly arranged. In the first part of the ficrure 
this regularity is slightly eli. turhed, some of the lines erossing 
each other. This may be in cl ie:1tivf' of some inherent <l.iff'erenee~ 
in the modes of retardation in the various organs. One may bP 
tempted to assume that this is the case and th en, by way of 
explanation, recourse may be had to the expedient of linking up 
certain points on the curve with eertain. concurrent events in the 
development of the foetus. Such reasoning, although not 
infrequently r esorterl to, does not appear to be justified. Morf'oYer, 
having r egar<l to the nature of the data employed in this study, 
nne hesitates to attach great significance to the slight irregularities 
observed. Inrleed, it is sugg<:>sted that the t rue state of affairs 
may be as iclf'alized in the inset. in Fig. 38, where points A, B and C 
represent both the commencing times and rates of growth of three 
dimension s placed in order acPorcling to their ant,ero-posterior 
sequence. 

As u, result of the findings rccorclecl in this sed:iou it is concluded 
that during the course of prenatal life the proportions of the body 
change as the result of differential time rates of r etarclntion of 
g-rowth in the Yarious regions of the body. Thus the more anterior 
regions begin gro"-ing at an earlier age ancl. obtain a "start ., 
on tho e parts situated further caudally. As the rates of o-rowth 
of the former regions undergo retardation, the relatiYel:- '"'higllf'r 

. * Ouviously the same applies to nny other reg ion , but 11atura lly t l1e e ffec·t& 
w11l nut be so ma,rked in a r c latiYcly 'mal l r<•gion as the~· a re in a fa irly 
extensive and elongated region. 
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rates of the latter regions (consequent upon their mme recent entry 
into the growth process) enable these parts to increase their relative 
size nnd thus eliminate the earlier disproportion. 

All t he dimensions considered above are measurements in the 
direction of th e long axes of the regions concerned. Merely to 
see whether the trends obtained here are applicable to dimensions 
measured in other directions, the width of the head ancl the 
circ;umference of the thorax (heart-girth) haYe been included in 
thi study. The former is measured at right angles to the length 
of the head, while the latter is a circumferential measurement in 
a vertical plane. In both cases curves of the second degree are 
founn to represellt the trends of the data. The forumlae are:-

TiV idth of 11 ead. 
Loge Width = 6 · 5252 Loge Age - 0 · 5815 (Loge Age) 2 - 16 ·1182. 

This is definitely significant at P = 0 · 01 and the coefficient of. 
variation is 4·75 per cent. This curve is illustraterl in Fig. 39. 

I-l eatt-Gi1'th. 
Loge H.G. = 4·9768 Loge Age - 0·3760 (Loge Age)2 - 11·8658. 

Again this is significant at the 1 per cent. level of probability, 
>tnd the coefficient of Yariation is 5 · 48 per cent. Graphi<; 
representa tiDn is given in Fig. 40. 

It will be noticed that the first curve (width of h ead) resembles 
closely that of. the length of head. The second inflection is again 
distinctly visible. The second curve is of the same shape as those 
for the trunk anrl the forelimb. 

Thus it is established that dimensions other than those 
determined in the plane of the long axis of a regJOn also follow 
the growth-trend of the whole body. 

TAllLF. 32. 

PeTcentage GTowth-Rates. 

RAl'ES-PERCE~TAl: .E PER DAY. 

Age in Days. 

20 to 25 . .. . . . ... .... . .... .. . . . . . .. .. . 
40 to 4;) . .. . ....... . ... . . . .. . . . . . . .. . . 
60 to 6;3 ................. . • . ....••.. .. 
80 to 85 ........... . .......... . 

100 to 105 .. . . . .. .... . ............ . . . .. . 
120 to 125.... . ...... . ....... . 
140 to 145. . .. . . . . . ........ .. . 

Width of Head. 

13·00 
5· 10 
2·75 
1·69 
1·11 
0·72 
0·53 

Heart-Girth. 

11· 79 
ii·09 
2· 99 
2·01 
1·46 
1·11 
0 · 88 

l'he percentage growth-rates of these two dimensions are 
tabulated in Table 32. 'l'hese, it will be noticed, are comparable 
"·ith the rates o£ other dimensions o{ the same regions. In the 
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case of th e head i t is seen that length and \Yidth ha,·e roughly 
similar rates, bu t that of th e latter is ah-<.tys somewhat lO\Yer. In 
the earli er ,;tages the rate for the h eart-girth is slightly confusing, 
but it soon ass11mes a dose simiL1rity to the rate of linear growth 
of th e trunk. 

Fig . 39.- 1\' idth of H ead. 

Coni i nuou s l-ine drown to formulo 
Loqe 4" G·O'.l.:!'lX Laqe X.- 0-5 ~!10 (Loqe :J.Y- lG· II I! ').. . 

0 10 20 .30 40 50 60 70 80 90 100 110 120 1 ~0 1+0 

Foe~dl Age in days ( x:) 
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F ig. -10.-- Lengtlr of H eart-Girth. 

C o nt1nuous lme drcwn to formula 
Lcx\e 'I ' 4-9766 Loqex..- 03760 (Loqex.Y-11 '665'0. 

I 

I 
0 10 Z.O 30 40 50 bO 70 50 90 100 110 r2.0 I 30 I 4 0 

5. Correlation B etzceen D£mensions. 

In the previous bYo sections it has been found that both the 
actual obsenations and the fit ted curve,; of all the dimension~ 
considered exhibit ~triking simil.ui ties. This suggests that betweell 
any t~m of these dimension :; there may be some clefinite r elationship. 
For t he purpose of tesi.i11g t he accuraey of this surmise t he 
coefficients o£ correlation het\\·een the;;e dimensions are determined . 
The method employNl is that c1escribed by Fishe t· (HJ3G) for t lw 
estimntion of " correlation llE't\Yeen series ". 
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Sin ce m easurem ent.:-; uf thPSI-' Y<triaul e.s ha1·e ~·xt.Pnd e <l o1·er a 
period of gTo1dh i t is only to be e:s:peded t ha t be l 11·een t h em t h er e 
will. be '' high pos iliYe (' OrrelatioiL JloiH"I er, thi~ " t otal 
eon elation · · lllil .)' lw ~ pli L into h1·o compon ent::; , u11r ur '"hi ch , t he 
' 't rend <"OITPlaholl •·. n1 e<1 sure> t he rl' lationship hr lii'C(' Il points on 
the fiLLed 1'111Te::; of the 1·;1r iou s llimeudion:; , or , in other wor ds , t he 
i'Orrelntio 11 hi' I 1n·en Yalues ot the d iJU en sioJl s cal cuh1 t ed from their 
regr es;;iou formula e . Th e other co mponen t Jll easures t he correlation 
of t h e de1·ia tiom; of tltP a ch1a l ohsf' rYa lion ,; from 0111' 1.ren<l -lin e , 
wit h the deYiation s of the ('Orrespon <lin g- ubse n ·a t. ion s hom any other 
t r en<l-lin e . Thi s "res iclu a l ('Urre lation . , i.' tl1 e i 11tporbmt one .in 
t hi s \\·or]; fo r in its computation t he g r owth-trend ln1,; b een 
elimi11ated , h ence it incli<·ate,- exal'tl Y ho11· a <l1·1·iatio 11 of o11 e 
dimens ion from ( hl' " Jlil r llta] .. 01' .. ex ppl'( pd .. 1·a lt11 • j,.: jj];p])· (o 

be retli •P i e<l in :111.1· otl1< ' r rlinll' ll fi ion. 

Tabl e J J ha s IH'PII r·o111pil ecl in s ncl1 a maJIJl e r that all three 
correlation s h r i 1n•en an y t11·u Yaria hll's ma~- be n• ;tcl a t :1 glan cr . I t 
will br nuli<:ed th:~t lh<· port ion fa ll ing brlo11· tl1 e di ag-on a l ro11· 
of bl:i n k spa('I'S i,- r111 exact r epet iti o 11 of th e uppe r lwl-f. Through 
its inclu s ion it is po.-;s ibl e io r e:Hl in OJH' s(r;li :,dtl linP , <'it h<·r 
h orizontall y or Y<·r t ir· a ll _,-, correlation s of a (' e rL1in <lin1 en sion ll"ith 
all th e remaining- Yariahle,;. Othen1· i ~e it. " ·oulcl hal(' lwe 11 11 er ess :n-~· 
to folio"· a \ert i cal coh1 11t11 into thr bl:tnk sp:tr-e :tnd the 11 to eo ntinm· 
along the horizon tal colmnn. 

In con sid ering- th e figul' es pre~eut e <l in the t.ahlf' r al'l1 of th t-· 
lhree types of conebtion will he treat ed sep:trately . 

T otal Correlotion. 

It i s ,;een that without e.xceptiou the,;e figure~ an ~ highl5 
si_g-nifi cant at thP l evel P = O·Ol. Thus thPre i,;; a wry hig-h, positin. 
dnect ron-elation bet"ll·r en all t he dim ens ion s un<l<'r ~-onsid eratio l t. 
As explained ah01·e, thi .-; j ,- o nl~- to he expect1, d. 

Trend Co n-elation . 

.Ag-a in ther e i s not. a. sing-le fi g ure 11·hil'l1 is nul ::;ignificant at 
at l east the G pe r ce nt. l eYel of prohabilit,1· . Hn11·eyer , it is possiblr 
to cla;;sif_y the variables in t"·o groups ; in th e first are leng-Lh of 
h ead , 11·id t h of hen<l nnd length of trunk, while the J·emain<l<·r 
constitute the s<• cond gro up. 'l'he conelation h eh,·een :tn~· h1·o 
1·aria hles of the snme group is significant at. P -~ 0 · 01, \1-h er('a s 
r·orrehttions between dimension s of oppo"ite groups <UP significan t 
only at P = 0·05 . These re .-:mlt s coulrl l1:tYe been anticipated from a 
study of the <"ontinuous cun-es in Figs . 34-.:f-0 . Those r epresrnting 
the t~·ends of the dimension s of the first group show mnl'h ~;i milarity, 
and lll all of them the second infl ection i s di stind. Th e rPmainin g
curves , while niffering- frolll th e aboYr, hea r a ;; IT·ikin g r esemhJ anr· p 
to one another. 
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PRE:\ATAL G I.W \\' Tll IX THE .).!Elll::-<0 SHEEP . 

H ha s Leen rl emou struie cl i.hai. i.he di stin ct set.:ond infiectiou b 

associate cl " ·ith the dimensions of regions which deYelop early w 
prenatal li fe au d co nsequently undergo the greatest degree of 
retardation of g-ro" ·t h-rate . From i.he abo,·e fiulliugs _o ne I_na y 
t:ondude thaL " trenll correlation · · is greatest bet1Yeen ch menswns 
of (a natomically) closely 1·elaLecl regions, an d lowest between 
(limensions of reg·ions remoie from e:1ch other. 

Residual Co trelat lvn. 

Immedi ately [t is noticed tha t the Jllaj ori i.y of th ese con elatiou 
~.:oefhcients fail to attain ~igntfi(·<m ce eYcn at the 5 pet· cent. level 
probability. Those thnt do rPach t hi~ lew l may be considerell 
in<lividu all,v: -

L ength of fote !unb-leii.IJI h of hlndlimb.-'l'he correlatim1 
hetiYeen t hese t "·o nriables i :> the high est obtained . Upon 
inspedion of Figs . :Hj uncl 07 it is seen tha t t here is mu('h 
si1nilarity noi only iu the trend-lines, but nlso in the 
< li ~tribution of t he adual ob;;enations abou t these lines. U nd er 
ihese circumsbn c:es a high l'On elai.ion i ::; only to be Pxpectell. 
MoreoYer, it is fairly oh,·ious ,,·hy such a definite relationship 
~hould exist. 

J,ength of head- tc ldth of J, ead .- Agaiu it is readily 
<~t.:t.:epted t h at there sh ould be a <lefinite correlation betwt:'Pll 
these variables. In <l eed one is rat b er surprise d. not to 
encounter a higher vnlue than 0·494 . I n Fig. 39 (widt h of 
head) it is noti('ecl that t he late1· point,; a re 11·idely spread, 
and t ha t clu e to these marked var.iatioJJs in the actual Llata . 
th e t.:urve cannot be said to haYe an e.x<"eptionally good fit. * 
The large vnriations encountered may b~ inherent in the 
m:1terial m· th ey may haw been artificially exaggerated 
through t h e diffi cul ty of Jmoking accu rate measurements of 
thi s eli men sion. 

L engt/1 of ve1' felnal col-umn-length of tai l. - The higll 
correbtion prese nt here is easily explain ed when ii i,.; 
remembered that t h e latter dim ension is ronb ined in the 
former. Bu t for the difficulty of <leterminino' 11·ith accura cy 
t he anterior extremit~· of th<; tail this correlat ion may weil 
have hf'en high er. 

Lengtl1 of 1;e1'tebral co lv mn- h ea1·t-.r;irt lt . 

f ,ength of ve1·tebral colmnn- lenqth of f ore limb. 

~en gth of rntel1ral colwnn- 7 en.r;th of hinrllt:mb . 

. * l\'cvcsthcless it has been provNI that with t he data ava ila ble this curve 
g1ves the best "fit". " 'hat is mea nt here is that t he " fit" of this "best
fitting " f' un-e is not as good as is desirable in work of this nature. 
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J. H. L. CLOETE. 

In all these instauces the relatiYely high eorrelations are 
understandable. It is quite acceptable that with an increase 
in the length of the foetu s, there should be corresponding· 
increases in the heart-girth and in the length of the t"·o 
limbs. Thus a longer foetus has also a greatrr height at the 
'"ithers and a larger circumference of the thorax. 

Width of head-length of forelimb. 
Width of head-lntgth of h·indlimb. 
Tl ' idth of head-hem·t-girth. 

The definite conelations obtained here are somewhat 
surprising, especially in Yie'Y of the fact that other seemingly 
more apparent correlations proYe to be insignificant. 
HmYever, it must he pointed out that in the method employed 
the accuracy of the residual correlation is dependent UJJOll 

the " goodness of fit " of the trend-line. Already it has 
been indicated that in the case of width of head this fit is 
not as good as might be desired. It appears reasonable to 
conclude that this results in the generation of misleading 
eorrelations. In consequence of this suspicion attaching to 
these correlations it is not proposed to consider them further. 

To sum up one concludes that bet\\·een any two of the dimensiott:s 
considered there is a Yery highly significant direct correlation. 
HoweYer, the common growth-trend is mainly responsible for this, 
and in most instances its elimination results in an insignificant 
residual correlation. The latter is truly significant in hut a fe,Y 
eases, and then only when closely associated dimensions are coupled. 

G. /i).vternol dppeamnce of the Foetus. 

GeneTal F01·m and Appearance .- :llan.v o£ the features to be 
described he1·e are well illustrated ih Cnrso11 and Malan's (193b J 
chart to which reference has already been made, and in the series 
of photographs accompanying this chart. 

At the age of 18 clays the ovine embryo has the appearance, 
in profile, of a whitish, translucent comma, the head region being 
mul'h better developed than the opposite extremity . During the 
next two days there is an increase in size, especially of the head 
region, where the primitive brain diYisions are already distinguish
able. At this stage the heart becomes visible as a reddish, pinhead
sized focus, situated well forward. At the t'Yentieth day the aorta 
is visible, and from its caudal extremity bYo vessels emerge at the 
umbilicus to form the umbilical arteries. At about this time the 
dorsal region of the body is beginning to assume a more opaque 
appearance, thns foreshadowing the rleYelopment of the vertebral 
column. 

During the following fetr clays the cardio-vascular systew 
continu~s to deYelop apace, so that at the twenty-fifth clay the heart 
has a dwmeter of 0 · 5 em., and from it the aorta and the carotidr; 
can be seen running towards the head and towards the caudal 
extremity respectively. At this time the curvature of the body is 
so acute that the future oral regwns rest between the two thoracic 
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PRENATAL GROWTH IN THE MERINO SHEEP. 

limb-buds, against what is to be the sternum. The cranial region 
is relatively large, especially in the vic;inity ?~ the vertex,_ w~ere 
the main divisions of the brain are plamly v1s1ble. By th1s t1me 
the tail has been formed, its length being approximately 2 mm. 

By the end of the first month the body has become fairly plump 
with signs of a definitely solid axial structure in the vertebral 
region. The colour of the surface of the body has changed from 
dull translucent w·hite to pink. The heart is still visible through the 
body wall, and from it vessels are seen to proceed cranially, caudally, 
and into the deYeloping limbs. The ventral abdominal wall bulges 
outw·ards, presenting a herniated appearance. The length of the 
tail has increased to about 5 mm. 

During the following week of its life the foetus umlergoeb 
rapid development and at the 38th day most of the main features of 
the fully developed body may be detected. The body wall becomes 
opaque, thus obscuring the heart region. The superficial vessels · 
of the head, trunk, tail and limbs are visible. At this stage thP 
cartilaginous models of the vertebrae and the scapulae show up 
prominently as denser white structures fairly deeply situated. 1'he 
Yentral n bclominal bulge has clisappearer1. 

lu lhe middle of the second month the head i::; still relatiYeh· 
large, it::; size being accounted for mainly by the prominence of 
the crowu region. At this stage the neck region begins to acquire 
a more definite shape. Ho\Yever, it is still sharply bent and the 
face is directed ventrally. This rlevelopment continues so that at 
the end of the second month the neck has become fairly long, thin 
and well-rounded, and its ventral curvature has practically been 
eliminated. By this time the subcutaneous vessels, which had 
become Yery prominent and numerous, are no longer visible. 

Throughout the third month the proportions of the body 
undergo much change, yet at the end of thiR period the head still 
appears disproportionately large, w·hereas the neck is relatiYe]y long 
and thin. HmYeYer, early in the fourth month the thickness of 
the neck increases and by the lOOth day this disproportion has to 
a great extent been eliminated. Now the skin oYer the neck has 
become somew·hat loose and a fe\Y transYerse wrink!"es are to be seeJt. 
·ren clays later similar wrinkles are present OYer the brisket and 
clown to the carpus. 1'he spread continues and just before birth 
the skin, which is now fairly thick, is comparatively loose and 
wrinkles are e\ident over the entire body . 

The Hea~l and Face.- During tlw first month of prenatal life 
the head Tegwn undergoes much clevelopment both in size and in 
its proportions. However, it is not until the 38th clay that there 
are signs of facial <levelopment. At this time indications of the 
mouth and nostrils are r1etected, anrl by the encl of another "·eek 
these features are plainly visible. Towanls the end of the second 
mont~ the " dished " profile of the ea!ly stag-_es (caused by the great 
prommence of the forehead) has practically chsappeared. The facial 
region has increased in relative size and the mouth and nostrils 
are well deYeloped. The latter are closed by epithelial plugs. 
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Hy the middle of the third month the face has come .to r~semb_le 
closely its definitive appearance. However, this regwn lS still 
relatively small and is overshado\l·ed by the very large mHl 
protruding forehe;td. At this time the rami of the mandible are 
well-formed, the lips are distinct aJl(1 the mouth is open. 'rhe 
external nares are deeply excavated but are st-ill " p~ugged ·: .. The 
horn bud:; become visible as small pinhead-sized elevatwns eq1.ncht>tant 
from the lateral ranthus of the eye antl the base of the ear. 

li'rom now on the changes are much less striking than those of 
the earlier period. Between the 95th and 101st days the nostrils 
become patent and it also becomes possit!e to open the mouth and 
t.o see the Anlagen of the incisor teeth. Further, the philtrum of 
the upper lip is distinctly visible. At the 130th day the edges of 
the nostrils and the upper lip, with the adjacent regions, have 
become smooth and bare. Ten days later the inner edge of the lower 
lip is serrated, while on their buccal surfaces the cheeks carry small 
papillae, these being best seen in the neigh hourhood of th~:: 
commissures of the mouth. In the foetus of 147 the Anlagen of 
the teeth are very prominent ana the first pair of incisors appears 
to be on the verge of erupt-ing. 

The Eye.--At the early age of twenty-five days there is visible 
ou the latera 1 surface of the head of the foetus a thin black ring 
1 mm. in diameter. This is the earliest macroscopic indication of 
the development of the eye. As a result of the prominence of the 
forehead and the flexion of the neck, this ring is seen in the vicinity 
of the anterior limb-buds. At the end of the first month the diameter 
of the ring has increased slightly and the enclosed area which will 
later form the lens, is pale, translucent and slightly raised above 
the surrounding surface. At the 38th day the ring has a diameter 
of 3 mm., and the eyelids have commenc:ed to grow over the 
developing· eye. The whitish lens area is prominent. The corn bin eel 
effect of the straightening of the neck and the increase in relative 
size of the face is to place the eye in a more familiar situation. 
Nevertheless this organ is still somewhat <' losely re 1ated to the nostril 
and the angle of the mouth. 

'rhe black ring continues to increase both -in "·idth and in 
diameter. At the 45th day the latter rlimension ha,; reac\ed 5 mm. 
The eyelids extend over the eye, and although they are 1ransparent 
the line of fusion of the bYo is distinct as a r1enser ridge running 
across the eye. Just medial to the inner canthus of the eye thi~ 
line is very prominent and here is foreshadowec1 the development 
of the infraorbital pouch, which, at the fi2nd day, is rendered much 
more prominent by the curling OYer of the upper horder of the 
ridge. B.v this time fhe lids have iucreasecl in thickness, an·d 
although the dark ring is still plainly visible it appears to be more 
deeply si~uatecl. T~e entire eye region is much enlargefl and bulges 
outward from the s1de of the heacl. At the end of the second month 
the pouch is even more prominent and the pigmented rinO' has a 
diameter of 1·5 em. and a thickness of 0·5 em. ~fid,Yav tlnouo-b 
the following month the ring is still larger, but by now th~ thickn~Si'l 
of the lids n'iakes accurate ohservation diffirult. ·By the end of the 
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divided at t he median raphe into two eonical lateral h alves. 'L'he 
tips of t hese con es a re less clense th rw t he basal p ar t of t he s:w :mel 
they haYe a trau~lucent appearanc<-' . The prepuce a11cl t he peni s 
ar e quite rlistinct, hut th e latter <loes not as yet produce any eleYation 
of tl1 e veut ral abdomina l sud al'e. One week late r the length of 
the :>c1·ot um ha,.; iucn~a se•rl t o '2 cn1. ; t h f' medi an groove i ~ less llistind ; 
the su rface of the saf' is smoutl1. At this stage one or two pa irs 
of small teats :.u t> sPPII _ju .~t a11 tero-la teral to the bast> of t h e scrotmu . 
In the female of thi.s age t ht' nwnunary regioll is fairly prominent, 
and the teats ha1·p a lr ng-th of 0 mm. 'l'lw Jahial folcl ~ h aYe migrn.terl 
further towanh th eir clefini ti.Ye position . an<l onl )· ;1hout one-th i rd 
of the di s1'a11ce 1·enwin s to he t n1Yer sed. Thi s is ,.;oo11 ; t~ · <· ompli;;ht'd, 
and at tb e end of the t hird month t lw fo.l rl .~ ar e fin allv located .in 
the lJe rin eal region, and th e forma tion of thP 1·uha i~ well under 
"·ay . Th e anus is well rleYPloped ::mel prominent. '£he main teats 
are about 4 mm. long; t·he)· ma~· lw ,.;uppi PJII f'Hted h_,. two or four 
small r r , supernum ernry t ra t s. 

In the male fuetu,; of this nge the ,.;(']'ot um i~ :j <·nl . lung· ;1111l 
i :; soft and jelly-like. 'L'eab of 2 111111. in leng-th nn· v is ib le. Th e 
pr t>pnce is w·t>ll cl en• loped an d soon h air s :3 mm . in l t>ngt h <II'P to 
be :>eeJJ ;mnmcl the preputial opening. B~- the PHd of t lw Jour1 h 
month the length of t hP:;P hnirs h as reacbPd Rppro);ima tt>ly 1 eu1. 
The surfacP of the serotum , ,,-iJi ch hi thPrto has bPen ~mooth. hel'onw,; 
wr inkled. This appears to lw consequ ent on the holJo,Yin g- on1 ;tnd 
coll ::~ psr nf this prr Yiom:ly ,;ohd :;irnchne. 

Jn the ff'm ule duri.ng· t ht" la ,.; t mon th tl1e .111<\IIIUUW lll!'l'eaSt' 111 
:-Jize a ucl t h e teats reach a length of 5 to 7 llllJJ. Th e deYelopnw n( 
rlf t l1 e vuhn i;; rompl etecl even to the promin ent \'Pnha,l rommissu rP. 

'/'he L1'mbs .-In foetuses of 25 (lavs both SPt s of I im b-buds art> 
d early YisiblP. 'J'h e t hora cic pair are. uhou t :3 111111. in length ;md 
t he pelvic one,.; :>lig-htly ,;hortPr . Th e fo nner :ll.'P <liYi!letl by a 
cen tra l constriction into u p1·oximal roumled, and n distal flattener! 
par t . The lat ter i,; almmd fan-sh ap ed an<l it,; su rface:; fa ct' laternlly 
ancl meclially. Tn th e poste rior buds no r onstriction is eYi!lent, h ut 
towar ds the t ip there art' ::;igns of fl atteni ug . \Vi t hin t lw next rwo 
days t h ese buds rPar h th e stag-P of dp,·plopment jmd. < i e~r rihed Jor 
t he forelimb. 

By the end of the :fhst m onth t he leng th uf t he forelimb lw ,; 
increased l'onsid erahly, and at the distal extremity n cen tral g-roo \'t' 
indicates t he commencin g diYision into two digits. The lo11·er half 
of t he limb has rotat r !l on its long· axis in su ch mann er that the t wo 
digits a re situat ed m edially and laterally, in stead of anteriorly and 
posterio1 ly . In the posterior lim h this stage h as not yet hren 
reached; t he division into digits i~ not presen t, nei th er h ::~s 1 li P 
rota tion commen ced. 

A.t the 38th <lay t he digits of t he forelimb are di si ind , and 
t here ar e indications of the accessory digits. The various di vision,.; 
qf t he limb (forearm. arm, etc.) are evident and already t hey h a"'e 
assumed th eir definitive relative positi ous . Jn it·s dcYr lop 111 en t the 
hindlimb is sligl1 t l:r in a rrear of th e forelimh. 
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·within a week the digit::; have developed considerably and the 
accessory digits have become plainly vi~ible on both pairs ~f lim?s. 
Close to the distal extremity of each lnnb a transverse, ndge-hke 
swelling appears. It is slightly more <1istinct on the thoracic limb. 
These swelling;; revresent the corouary bands. 

During the next three week;; the fetlock region bec~me,; moulded 
into shape and the coronary band become,; more pronunen_t. How
ever, the latter is still relatiYely close to the tip of the lunb . By 
the 66th clay the portion distal to the cor01~et ha~ increased i_n si~e 
and just belo''" the roronary band a blmsh-wh1te colouratwn 1s 
detected-undoubtedly this is due to the deposition of horn . 'rhe 
accessory digits are very prominent and are clearly defined. 

The limb increases in size and the blui;;h colom spread,; slo,dy 
downward over the surface of the third phalanx. At the 89th day 
the first signs of the interdigital pouches are detectell. These are 
more advanced in the forelimb. Bv the end of the fourth month 
they appear to h fully developed.·· 

By this time the major part of the third phalanx has been 
covered with horn and the line of junction of this horn with the 
lower dull white surface (which lies parallel to the euronary border) 
continues to aclYance distah\·ards. At the 130th day the horn has 
reached the heels, and during the next ten days the t{s yet uncovered 
triangular portion of the third phalanx becomes progressively 
reduced, \Yhile the horn also encroaches on the sole of the foot , the 
posterior half of which is covered by the 140th day. ~lt. about this 
time the aecessory digits are almost completely coYered ''"ith the 
same bluish-white horny substance. At the 147th day the original 
whitish, friable covering is eonfined to the tips of the hoofs and 
the apices of the aceessory digits, the remainder of these structurPs 
being well coYerf'd with horn. 

The Hair and the Wool.-Until the 38th clay of foetal life 
there are no signs of development of hair, and the entire body surface 
is smooth and homogeneous. At about this time pinhead-sized white 
foci appear just below the smface in the region of the eyelids and 
the lips. By the 45th clay these haYe increased both in size and 
number- and are recognisable as the follicles of the taetile hairs of t.hP. 
face. Similar, but smaller foci appear immediately ahoYe the upper 
eyelids, and soon they are seen to have spread as fa1· as the crown. 
'l'hese are the follicles of the ordiuary hairs of the bony. 

Dnring the follo,ving week the tactile follides increase in sir-e. 
\\"hile those of the ordinary hairs become more numerous and spread 
over the crown, but without reaching the upper part of the neck. 
On the lateral aspect of the shoulder and in the axilla traces of 
these follicles nre encountered. The regions in which follicula1· 
development has occurred are not definitely demarcated; the follicles 
simply become smaller and mon· isolaterl tnwarrls the outskirts until 
they are no longer visible. At the 55th day follides are present over 
the extensor surfaces of the carpus and the hock. Smaller ones are 
seen in the region of the flank and over the proximill portion of 
the thigh. · 
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At the end of the ,;econd month the tactile follicles are large 
and the hairs appear to be on the point of erupting. The ordina~y 
follicles have spread over the entire body, yet in general theu 
distribution becomes more sparse as they are traeed caudally and 
towards the distal ends of the limbs. 

At the G6th day the tactile hairs have not yet erupted, but they 
have become ,;o much inereased in size that they cause small elevations 
on the surface. Six days later these hairs are seen emerging, at a 
slant, tluough the skin of the eyelius, the lips and the chin. By 
the end of the third month the longest of these hairs (on the chin) 
are 6 mm., while others (on upper eyelid) are only half this length. 

All this time the ordinary follicles have been inereasing iiJ 
number and in size. By the 89th day it is possible to ~etect, by 
means of a handlens, the presence of very fine downy hans on the 
forehead. Arouncl the horn buds these hairs are arranged in whorls. 
They extend downwarus as far as a line joining the medial eanthi 
of the eyes. At this stage the follicles on the dorsal aspect of the 
carpus and along the coronet, especially close to the interdigital 
cleft, are large and the hairs contained in them appear to be due 
to erupt almost immediately. 'l'he follicles at eorresponding situatwns 
on the pehic limb are much smaller. 

By the 95th day the hairB on the forehead are Yisible to the 
naked eye. They have spread over the ]JOll and also veutralwarcb 
on to the cheeks, to the base of the ear and in the direction of the 
ramus of the mandible. Over the shoulders, on the lateral surfaces 
of the ann and forearm, over the dorsal aspect of the carpus and 
along the coronet, hairs just visible to the naked eye are present. 
'With the lens it is seen that on the remainder of the forequarters, 
as well as over the loins, the hock and the coronet, fine hairs are 
just beginning to erupt. In the region of the flank and on the 
hindlimb (save those parts just mentioned) the follicles are densely 
packed and fairly large, but no eruption of hair can be detected. 

At 100 day,; the tactile hairs have 1·eached length:; of 0 · 5 to 
0 · 8 em. Bv no11· the forehead is covered with well-matted hair 
about 3 mm". long. As this is traced along the neck and back it 
becomes shorter, until at the loins it is only just visible. Also 
towards the angle of the mouth the length of the hair decreases, 
and on the lower part of the face it can only be seen with the help 
of a lens. Over the shoulders the hair has a length of between 
2 and 3 mm., this also being the case on the anterior a6]Ject of the 
carpus and along the coronets of the forelimb. Shorter hair (about 
1 mm.) is seen on the brisket, sternum, loins, tail and proximal 
portions of the hocks; on the coronets of the pelvic limb it is slightly 
longer. On the remainder of the surface of the hindquarters hair 
is just visible. Fine hairs are seen on the inner surfaee of the 
ear, where they are confined to the ridges, while the depressions 
remain smooth and bare. 

In the foetus of 110 days the tactile hairs are about 1 em. long. 
On the face ordinary hairs are detectable with the naked eve. The 
hairs on the inner aspect of the ear have become longer a'nd more 
numerous, while on the outer surface fine downy hain; are appearing. 
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The entire body is well covered with fairly closely packed hairs. 
The hairs on the coronets and those around the accessory digits have 
reached a length of approximately 0 · 5 em. 

By t4e end of the fourth month the body is totally covered 
with fairly long hairs . 'rhese are more or less straight, are fairly 
coarse, and have a glistening white colour. During the last month 
these hairs continue to increase in length, but gradually it becomes 
possible to distinguish below them a curly, well-matted coat, the 
fibres of which are finer and have a dull white colour. This 
appearance is detected first in the neck region from where it extends 
backwards over the trunk. At the end of the prenatal period this 
second coat, which is now recognisable as the woolly covering of 
the body, has practically replaced the previous hairy coat on all 
parts of the body excepting the lower portions of the limbs and the 
face. 

7. Determ£nation of Age. 

As was pointed out in the introduction, one of the main objects 
of this work is to provide standards for the accurate estimation 
of age of Merino foetuses collected from uncontrolled sources. The 
necessary information is already set out in the preceding sections; 
but, as difficulty may arise in applying this rather detailed know
ledge, it is considered advisable to extract the essential facts and 
to present these in a manne1· that will facilitate their read~· 
application. 

It is obvious that for accurate estimation one has to rely mainly 
upon quantitative methods. 'l'hese involve the use of the regression 
formulae previously presented . In each of theRe the dimension 
is given in terms of age. Accordingly, the determination of the 
age corresponding to a measured value of a dimension necessitates 
a somewhat complicated calculation, for in the resulting equation 
the unknown (age) is present in both its first and its second powers. 
'l'he solution of this equation involves factorization of rather unwieldy 
numbers. This process is far too elaborate to serve any useful 
practical purpose. 

If the variables be reversed (age in terms of the dimension) 
the calculation is gTeatly simplified. From the point of view of 
growth t)lis is rather illogical, for size is considered to depend on 
age, not age on size. However, if it will facilitate age-determination 
there is justification for the calculation of this " illogical " or 
" theoretical " formula. 

When this is done it is found that again the best-fitting curve 
is a parabola of the second order. Naturally the constants in the 
equation differ from those obtained when the same data are employed 
in the reverse direction. To illustrate this the formulae obtained 
with the vertebral column and age data are presented: -

(a) Loge Age = 3·0743 + 0·2703 Loge V.C. + 0·0458 (Log,. V.C.) 2 

(b) Loge V.C. = - 10 ·4383 + 4·3948 Loge Age - 0·2949 (Log,. Age) 2 
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The d ifferen ces are not confi ned to th e act ua l figures, b nt are 
e1·id eut a lso in Lhe sig n,; o f the:se co ustau i.:;. A s a n·:mlt t he shapt> 
of t h e reg ression lin e cl iffen; i n th e b Yo i nsLanu)s. T hat obtained 
IYiLh form ula (u) ts i llu str ated [n Fi g . -!1. 11·hil t• that of (h) is 
presented in F ig . 29 . 

.. 
. 6 

4 
!). 

0 

0 

E'1 .g. cl l .- Yoeb I "\ ge in T N ms of \ . cr tel ,ra l Colum n Lcngtl1. 

Con\ in uous lioe dr o \1\Jn ro folrnu\e1 
Loqe. X " O·~llOx Loq e 4+0·045'fS (Loq e ljY -+~'Ol t + 

c 

10 o 80 90 100 110 1!10 130 J"'tO 

110 Da'(~ (x) 

l!'r om equation (a ) a gt> uJa )· be calcu la tefl iu a direct HWllll er. 
NeYer theless thi s computa tion :;till in Yol \"(~s the u se of logari thm s 
aml a nt ilogari thms as well as fa irly ~· xte n s iv c tmd t ipl ieat ion J ''"hi ch , 
unl ess a cal cul at ing ma chin (· i~ nt hn)l(l , be t· om f• Yt> ry tetliou :s. 
Consequ ently it is fe l t t h a t !'V e il t his "s implifie d " equ a ti on call ;; 
fo r more arithlll etical Jahou r t ha n th e ~ne ra g- e IY Orhr in bi ology 
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1rill be eag·e1· to uucl<·rtakP. ~Iureor<'r , Lhe <·sLimation of age bei ug 
in most i nsta nces me re h · a 1\E'l ' <' :i~an· prPli mi IJary to f urth e r 
investiga.tiuu , it LS cl e~ irahl t> t h;d· this prun~~s ,;houlcl <w<·upy th t> 
Ill in i llllllll of t i Ill!' . 

J ( <IJIJH·;II · ~ Lbat. gTap] ,j,. <':illlll<l t i.ou oftcrs a ~·>lu tl tl ll t<, llt l' 
cliiii .. ul.t it•.-; me ut iout•cl. li t t hi :i met hod <lire!'! re<Hli ng;:; a rE' nu.tdP 
011 <Ill ,\. of l ht• l'f',!..!TL'.-;s JOn t·un·p,.; in ] • ' i g~. :! :) . :!:-). 27 . ;IS, 2!J. 
:{;)to :11. :j\j and -1-0: thus ;![[ cal.c nl;ti. iu n i.-; •· lim in;ll<'rl. lt i. ,- not 
Ut'<'<":iS<In· to !'on fi nt· on••splf lo th e fig·ur!'s prP:'<'Il ied i11 fh i.~ 11·ork . 
~'rum the n·gTe:ssion equatic111 of auy din1e n,;iou , <I st' ri t>,; of r;ilne.-; 
for t hi.-; dinl e n~ion <It "t ipulatc·cl ap;es Jll<l .\' l1e r :l lr-llbtrcl. \Yi t h tht·se 
data a gT;Iph lll<l\' h<· t·ons lrul'i <•d lo an y .-; ni LdJc• :--calt· . ()!J,· i m.l~ IY 
i. Jll:r e;i ,;t• o l' ilw lallt·' l' 11· ill ft ·nd to llli11in1 i:i<' tl"· po,;s ih], . en ur o l 
" n'!arlinp: ... l l oiY<'I·e r , it i11 n o '"" -" afl'<·d s lil t' possihi P in aC' < ' U l'::t('. ~· 
,Jut· tu t h<· ,.,1 ria tio 11 j ,J!, ert' ll l in tl1 r tlill lE' Il :-- in iJ. Th<' Lll t.rr e rro r 
is lht· 11101'• · impo l'i aut ot the I\YO , nntl a t t h is stage it ntay hr 
•·nn siclPrf' d i '' ~o lll f' rlt>to1 il . 

J 11 th t· pl·e•·etli ng- st·d iu n ~ t IH' cur fiic i<'n h of l <lri;ltiull of a ll t he• 
reg-re~sion •·quatinns <11'1' stalrd. l<'or ronn>n ie nr·( • i.h e,;L' fig-n rrs n,.,. 
rep(•;i(t·d : -

:-:tra i~h t l '. H. length ........ ..... . 
L(· n~th of \ '<: rtPbra l <·olllll l l l . .. . .. . . . . . . . . • .. ... •. ... •. 

Ll· n~th qf trun k .. . . 

Coef)'. l ·ru. 
Pereentotgl-. 

7 ·.-,I 
:{· HI 
+·117 

H ca rt - uirth . . ...... . .. . 
' ·""1-!ih . .. r tail .. .. . .. . ......... . .. . . ........ ..... ... .. . . 

:>· +8 
!I· 7:) 
+·7~ Len~th of fore limb . . 

l.!•nuth of hi nd lim b. 
IP il).lLh ur head .. 
\\'id t h or head .. . . .. .. . . ... . .. . . .. . .. .. .. . . . . . . . ... . .. . 
\\'!'i,!!ht of foPtns. 

+· 88 
8· 7G 
+· 75 

~ll 0 / 

It 111 u .-; 1 IH' IPIIII ' IIdll'rPd 1 h;li thesL' •·oe Hi 1· iPJds tlt>llol<· I he extent 
ui nt riati on 11'i1PII thl• dilJlc•n sion i s eakulal etl f rotll ng-<·. J t. doPs 
not ll f' ('E'Ssari ly foli o,,· tlw t '"he n thP sam e l'lll1 a tio11 i s E' lliJilOy<·d fo r 
t ht• purpos1• of tlt>tt ' llltill ing· age (th e rli meJ1 sion being- kn o,Yu) Lh P 
san1 P <l q !TPt·· of ,-,lli ;lii nn " ·ill lw t:' lll'ouniPn·d. ,\11 inl e rf':' tin p: fac·t 
i ~ I h;d !'Itt· l'<ll· llit· i,· IJ t of Yari;li ion !'or t•qmd.ion (a ) \ Oil pag-• · .)22) 
i.-; :.:'·ti Jll' l' ! ' 1' 111 .. ll'!t e n ' ;J.-; t hai for ( h) i s :j ·K jlf' l' t·ent. 'J'hi ~ in di L· ; ti P~ 
tltal. o11·i11g' tu the lf':iSl' r dPg'I"P<' of Yarintion in t hP ag·•· da ta t.hP 
df'tenn i l ~<liio n ., f ng-t• f, -.,,11 t h!• di n ~t·n si.on i.-; IliOn· <I(TUrat•· i h<\ 11 i11n t 
of t-lw di.n1 e11"ion l'ro111 ill<' ag-1' . Thi ,.; ha ,.; lwe n Jll'!l\'!•d to h old 
good ll'hrn t h e entin· fm·mnl a i..-; r<'Yf'l'.-;e,l ; hu t tlw poi nt at issue 
i.-; ll'hc·I ILt'r " ·hl' ll a g-e i.-; est i lll<li t·tl l'rom fonllub (1, ) th e ·likeh · error 
11·ill lw nt t hl' nrd u " f :J· S JH ' r •·r•11L nr •>f :Z · G p rr c·ent. It h<~S ber n 
a:-wrrlained authorita ti"" '·'· tha t. t.he L"a"t rela t iun ,;hip lwt.11·een i h f',.; ,• 
f1q) coPHil ·if' nts of 1·ariation lw .-; not Yet h PE' II so lY<'tl nla t h<·ll wt ir·a lh· . 
hut. it is kno ,,·n th;li llti ~ <'1'1'01' wi lf lie het1reen 2 ·(i p e r ce n t . a r; cl 
·; . :-; pr•r C' PII I. \ ' isu ;ilh t l1i " ll~< I Y he YE'rifif'd h1· 11 o!i 11"' tlw t lhl' 
horizontal deY .ia!io11 ~ ,;f t h r p lottPd points (the. Yari.nt~>n of ag<· 
about th r t rr n<l liu e) in Fig- . '2!l , arc• ] ps~ lhu11 ! h1· \'f' rti ra l dHia tio n" 
( th e ,·aril'!tinn of Yt>dr·l il 'l'l l r ol u m11 leng-th ;dwut t lw sa lne lin e ) . 
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lt may be assumed t hat the same applies iu the case of all th e 
other llimen sions, and that the likel,Y error in age determination 
will he less than the coeffi cients of variation presented above. .As 
most of t hesl:' ::dready lie well below 1(1 per cent. it is evident thai 
by this graphic method age may be det.- nnin ed "·ith co nsidera bl.
accurae.v. 

1'1 aturally the dimensiun '' ith the least Yariation "·ill be se lected 
fur such determinations. This is the vertebral column length. How
ever, it is suggested that the accuracy of th.- determina tion may be 
improved by using more tlian one dimension and then aniving at 
au "' average " age. This meth od cer tainly eliminates the possibility 
of being misled by an extreme variation in any one dimension. 
N eYert he less, i t would be ina dvisable to cletermin e the age of a 
ioetus from, say, its Yertebral eolumn length and its weight, aml 
t hen t o take as the most likeh ag·e t he exact arithmetical mean 
of the two values . This meth~d would entirely lose sight of the 
fact that the coefficient of va riation of we1ght i s five times as large 
as that of the vertebral colu mn length. It is essential that more 
impor tance be attachell to the va lue obtained through the use of 
th e less Yariable dimension. It is suggested that the r elative 
impor tan ce of two dimension s be apportioned iu the im·erse ratio 
of their coeffi cients of variatwn. 'l'hus, in the above example, if 
the age obtained by the usP of weight is higher than that obtained 
from t he ,-ertebral column length , then the fina l age would be ta ken 
as the vertebral column length value plus one-fifth , or the weight 
v-alue less four-fifths of the differenc·e between these two values . 

e.g. - If age from weig-ht 
& age from V.C. 

= X 

= Y 
x>y & 

th en "tru P '' ag-e 
= x - 4(x - JJ) 

5 
or = y+ (x - y) 

-- 5-

A further point to lJP mention ed 1s that in the choice of 
llimension s for ageing consicler ation he given to the correlation 
coefficient table (Table 33) . Preference should be accorded to 
dimensions " ·hich have tbe least correlation wi th each other. 
Naturally their roefficien ts of Ya riahility must also be borne in mind, 
as it would l1 e of little aYa il to select a highly variable dimension 
merel~T on th e gTound tha t it is 110t signifi cantly eorrelatecl ,,-ith any 
other (linwnsion . 

Although the " ·ay ha s no1Y bee ll cleared for the applieation iu 
a fairly simple manner of the known quantitative data, there is still 
the possibility of further simplification. This is achieved by the 
construction, on the lines su ggested by Scammon (1937), of a simple 
nonnograph (F ig- . 42) in which the "extJ eeted values ' ' of all 
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dimensio11 c; at aJJ_y age may be r ead in oue .~traight Jiue J>arallel 
to the basE' of the figure. 'l'bis nonn ogTaph may lw 11sE'd for Lhe 
estimation of age from one or mor e di!llen sion;-;. 

Strdiqht 

Fig. 42.- i\ ormog rn ph for p ll r poso of deLP nni n ing l'ithe r foetal age 
from OJ: e or lll Or<' dime nsions . or t he ,·alu es of dim en,ions from t hos;:· 
of CJther d i mens ion s or fro111 foeta l age. 

Cvrved Crown Rump Lenqth. 
Bockline 

of fore Limb 
Lenqlh of Vertebral Column 

+o Widt h of \-lead 
•o Len(\~h <:f Head"'" ,. aho Jls.c.n. 
>5 • !55 
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ThE' tollo"·ing- pmcedure li La,\· he n •ro.Jtunenderl: -

( I ) DeterJtl i ne the ,·:-tlu<'" nf the dint <'l t ~iu tt:' . 'L'h <" tr1 P;r:-:m·t·-
nwllb ;-;h.ou ld hP III<Hl e Lll a<·r·ordaur·<· " ·it h the detail, 
snpplit•d i11 ChaptPr :L For P<l(·h <lint PII ;-; ioJt t"·o or lhree 
l'P<trli ttg,; ,; hould iw bkton :tnd thE' aYe t·;tge of thes1· 
e iii]Jl o.\·e<l. Tlw nnntbr r of dim PII Siot tci to Le nw:t ;; llrf'd 
,; llOul<l lw dec.i<l r<l hy the i11,e.,t igator. X a t urall.\· thl' 
le 11 gt-h ott-he Yn( r hr:-tl !'o l um ll " ·il l he ih e first io rel't>iYr 
r-on,.;ideration. Ot lwrs ~ ugge;-;terl are hun!, . h ead-girth 
nnrl -=i: raigh t r-rmn1 -rnm p le ngth. 
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(2) Mark oft lightly in pencil on the respective scales the 
the values of the dimensions. 

(3) Stretch a thread acros::; the normograph iu such u \Yay 
that it lies parallel with the base, i.e. so that iL intersects 
identical age readiugs on each of the vertical siJes of the 
normograph. 

( 4) Keepiug the thread parallel, mo,·e it either upwunls Ol' 

dowmnuds until it cuts the vertebral columu scale exactly 
at the mark indicating the value of this <1imension. 'l'his 
scale is accorded special prominence in the centre of the 
figure. 

(5) Observe the Jistributiou abuut the thread of the pointtl 
indicating the ndues of the other rlinwnsions. If the 
majority of them display either an up"·arJ or a <lO\Yn· 
ward tenaency, the thread should he moved slightly in the 
::;,ppropriate direction. Agaiu it Jmtst be remembered that 
to the dimension with the lowest coefficient of variation 
most \Yeight should be attached. Renee, in the example 
previously quoted (V.C. length aucl "·eight), the thread 
would he moYecl roughly one-fifth of the distance towarcls 
the leYE'l of thE' 'wight nuuk. A further mark (say trunk 
length), lying some"-hat belO\Y the level of V.C., might 
tend to dnnY the lint> clo"·mrard again, probably restoring 
it to its original position, i.e. on the Y.C. marlc In the 
normograph the arrangement of the scales is such that the 
most important dimensions are elosest on either side to 
the vertebral rolumn sca le, while farthest away are those 
which carry least weight. 

In this way the thread is manoeuned until the points 
are well clistributecl a bout it. 

(6) :M:ake sure that the line is still parallel; i.e . note the age 
readings on both sides . 'l'he reading on the age-scale 
gives the age of the foetu .; iu days. 

Some details of the above procedure may appear over-elaborate, 
but in actual practice it >Yill be foun<l that unless the majority of 
the other points r1eviate considerably (and in the same direction) 
from the level of the vertebral column reading, the latter will be 
taken as indicating the most likely ag·e. 

Having fixed the age in this quantitatiYe manner, one would 
scarcely expect that any improYement \Yould result from the use 
of the descriptive data listed in 'fable 34. IToweYer, it is recom
mended that in nll cases one should refer to this table, if only as 
a safeguard against incorn~ct estimation of th e age of an exceptionally 

· large or small foetus. In such a case it will be found that the 
external appearance does not correspond \Yith that described for a 
foetus of the estimated age. 
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In this section full diredions haYe been given for agemg 
foetuses. It rests with each worker to decide for himself in ho1Y 
far thet:>e are to be supplied . In his del'it>ion he IYill be guided mainly 
by the nature of his inYestigation and the degree o£ aecuracy 
considered advisable . It it> suggested that for most purposes the 
use of the Yertebral column length supplemented by a rapid reference 
to 'l'able 34, will give sufficiently accurate results . 

(d) 'l'HB :MATERNAL MA~L\IARY GLAND. 

For the purpose of studying the gTO\Yth of this organ during 
the course of pregnancy the data have again been placed in monthly 
groups. The differences between the 1•arious groups are studied 
by Fisher's (1936) "analysis of Yariance" method. Details are 
presented in ':Cable 35 and Fig. 43 . 

'l 'ABLE 3_5. 

W eight of i lfammary Gland. 

Groups of Ewes. I Significance Tests. 

No. of Moan 

I 
Observ. Weight. 

W. Group I W. Preced. No. Class. L Group. 

-

I 
Gm. 

l Non-pregnant .............. .10 199-90 - -

2 l st month .. . .............. 

I 
10 122-60 - -

3 2nd month . . ... . ... . ... . .. 8 180 ·13 - -

4 

I 

3rd month ... ...... . .... . .. 6 203 · 33 - -
5 4th month .. . ... . . . . . .... 7 314· 7l - -
6 5th month .... ... . .. . .... . . 

! 
5 806 ·00 XX XX 

XX Significance at P 0·01. 
X Significance at P 0-05. 

The mean of the seconll group falls well belo''" that of either 
the first or the third. This may be associated with the some1Yhat 
poorer condition at the time of slaughter of the sheep constituting 
this group. N eYerth eless the drop is in significant . 

It is cone] t:<l ed that until thP Ptul of the third month there is 
no UIJIYard trentl in the 11·eigh t of th e mammary gland. At about 
this time the 11·eight does begin to increase, yet when the "-eight 
in the non-pregnant group is taken as the standard, this increase 
cloes not reach the level of significance until the last month of 
gestation. \Yhen the figure for the first month of pregnancy is 
employed for the purpose of comparison then t he increase by the 
end of the fourth month is found to be just significant at .P =0 · 05. 
The increase during the last month is highl y . igni:ficant , and by 
the end of gestation the initial weight has undergone a fourfold 
1ncrease. 
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Descripti·ue.-Duriug t he first two months of pregnancy the 
appearance of the gland changes but little. In the living animal 
the organ can be felt as a slight swelling under the rather loose 
inguinal skin. The teats are small and soft . The extirpated organ 
has the appearance of adipose tissue and it " sets " rapidly. The 
organ is flattened, ''"i th a greater Llepth at t he cau dal extremity 
than in the cranial portion. The depth in t he former region is due 
in part to the presence of t he supramammary lymph glands which are 
situated here, embedded in the adipose tissue. 

E 
0 

I 

li'ig. 43.-Weight of Maternal Mammary Gla nd. 

1002. 

-

-

soj 
40 

30~ ~-
.20Q 

~ .--· 
I OQ '·-------0 

' ~ 0 I 2. 3 

Mon~h5 of Gesraloon 

. 

5 

Towards the end of the secoud Jnonth of g-estation it is noticed 
that the diameter o£ the mammary bloodvessels (external p11dic 
arteries and veins and su bcutaneou~ abdominal Yeins) has be ell 
doubled. At about this time i t becomes possible to withdraw from 
the teats small quantities o£ clear, watery fluid. 

During the following month the size of the glanrl increases 
slightly. This increase is reflected mainly by the greater depth 
of the cranial part of the organ. The vessels continue to enlarge, 
while the teats increase in length and become Yery soft and flabby. 
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:Earl.r iu the fourth mouth there is much more noticeaLle 
eulargemen t of the g la ncl, so that the i unease is eYiden t even iu 
the liYing animal. 'l'o the touch the orgu11 is s01newhat elastic, 
appa1·ently on al"t"Ount of the accumulation of 1->ec1·etion IYi thin it. 
At this time the fluid whieh ean be witlulra11·n from ihe teats hai:i 
become " s~rrulJY ·' . 

By the eud of the fourth month the g-land is g-reatly enlarged 
and the parenchyma has a ln-o,Yni;;h colour, "hich contrasts 11·ith the 
white of the adipose t issue. 'I'he form er is predominant especially 
in the regioll of the bases of th e h·ats . 'I'he dept h of the cranial part, 
of tl P glnnll Pxceells that of the caudal extremit.1·. At this si.a.ge 
it is notil·ed that the g-land does not ",;et ., \Yel.l , remainin g soft 
nnll pliable fo r a long time after extirpation. 

Hy the 140th clay there has been Hen greater enlargemeut and 
tlw ieats ha.Ye beco me long an(l fairl.'· ''"ell distenlled. 'fhe fluid 
" ·hich can be " milked" from the teat i:; ,·iscicl <111(1 has a creamy 
·olour. 

J u,;t before bi1·th this fiuid Lecomc:-; honey-lil;e a,; regard;; both 
consiHtence anll appearance. At thi,., st<Jge t he blaodYessels are 
prominent, the veins especiall)· being large and llistended. 'l'he 
parenchyma of the organ i::; roughly cubical in ::;]wpe, 11·l1ile adipose 
tissue forms but a run-roll· peripheral rim. 

Thus it i::; found that the mallmuny gland undeTgoes most of 
its macroscopic tlevelopmen t d uriug the sel·o nd hnlf of pregnancy. 
This i:;. in ugreemed " ·ith the finclings of Hammond (1927) in the 
case of the c011·, i. e. that during the first half of pregnancy t here 
is first an organization of tlw collecting- sysiem, and then gTO'Yth 
of the secreting tissue, while during the second half secretion 
comnwnces and, as a result of the accumulation of the secretory 
product , the size of the oTgun 1s inc-reased . 

(e) :JIATERXAL ENJJOC in:-.-E GL.-1sns. 

lt is of interest to in Yestiga te the possibility of detectiug 1 n 
these glands manoscopic changes "·hich may he a;;sociaied with 
the lJhysiologic state of prep:n:mcy . Attention ha;; !wen directetl 
mainly to the chnnges in weight. 'I'hi;; is due to the fact t hat i11 
most of these organs linear m?as"Lnemenb are impracticabl e, whil e 
•olume determinations (h:v the displacemen t meHwrl) on i he,;e small 
g lands ca ll for more time than could be all01wtl to lapse before 
sec-tioning and the initiation of fixation for later histological 
examination. 

In vie11· of the llesirabilit :v of h aYing in Group l only e" ·es 
in the same phase of sexunl life, all rlata fron• sheep judged to 
hn'"e heen in anoestrum ha ·e heen exc 1 udecl. '11 hu ,; this group 
comprises onl? ewes at n\rious stages of the (lioestrus cyrle. 

Hypophysis.-Details of the mea!l weig·hts of the various groups 
a1·e presented in Tnble 36. 
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'l'ABLE 3G. 

llleiqht o f Hypophys i:;;. 

J. H. L . <..:LOETE. 

------ ----- ----==- -_-__ -_- =--= -- ===-= 

:S:o. 

:2 
:3 
4 
:; 
G 

GROl:l'S OF EIYE~. 

() lass . 

I 

-- I 
! 

:\on-pregnant . ...... ... ... . 
l ~t m onth .... . 
:2nd month ...... . . .... . ... . 
3ed month ...... . . 
-!th month . .... .. . 
;)th mo nth. 

="o. of 
Obse1T. 

8 
ll 

8 
5 
7 
;) 

:\Ican Weight of 
H.vpophysis. 

Gm. 
0· Sl:!ii 
0·668~ 
0·7438 
1)·7700 
1)·7:286 
11·\)600 

It j,; ±ouml that non e of the difference,; bet 11·een gr oups is 
significant Heu at t he ,) p er een t . leYel of prohability . \Vhen the 
data are plac·er l in h1 o gTOUIJS only (prt'gnnnt and non-pregnant) 
t he differeiH·e ~ nrP still insignifir·ant. 

lu Yiew of these fi n ding,; no attempt l1a ,; beeu uwd e to an a lyse 
t iLe rlnta relatin g t o lPngth , ,,·irltl1 and clepth of this organ . 

Thyruirl, A.rl1·enols a nd EJ!tfJli.I}Sls .-For t hP~e organ~ fe11·pr datu 
are avmlable, llt'uce t h e m ~c·t lwcl of grouping- has hPen alte1·ed. g roup 2 
com prising t he for lllel' gToups 2 . :3 and 4 , " ·hile th e former nos. :j 
and 6 haYP hee n amalgauwtecl to form !h e t h ird gro up of this section. 

DP ta il ~ uf ihese g land s are t.abulatt'cl belo"· (TablP 37). .Xot 
1 n n siug-l e inst:u1ce i :-; thP d ifference behYeen gro ups ~ig-nifieant ai. 
J) = 0 ·Of>. E1·en 1·eclud ion of the IJnmher of groups to hYo (pregnan t 
<H~<l uon-pi·pg-n;~nt ) fail s to di scl ose an .1- .;;igni:ficant difference. 

-~·_I 

'J' .IJILE 37. 

lVeig hts of Thymld, Ad1'e nal and P.ineof . 

Gno L' PS oF E11·Es. -1 No. of 
Observ . 

C ia ~~ . 

~on-]_Jregnant ... I 
l st, 2nd and :{rd mon t h:: : . : : :: 
-!th and iith mon t h .. 

f) 
8 

12 

;\[EAX WEIGHT. 

I I 

Thy roid. I ~-\drenal. 1 Pinea l. 

-------

Gm. 
2·8:2 
1 ·98 
~·42 

G-1n. 
;1·:24 
:.! • \);J 
:l·!'i2 

Gm. 
O·ll 
0·14 
0 · 14 

Corp11s T~nteu n1.-t'or the stu dy of t his temp orary endoC' nne 
gland r ecourse ii; had io a rather indired m eth od. The \Y eigh ts of 
t.h e OYa rie:; haYt' been recordecl , au d by studying the:;e it i s hoped 
to gain some in format ion regarding the cha uge" in weight of th e 
t·orpus luteum . Again t h e sh eep are placed in six groups an cl in 
f· nch of thes,, two sub-P,Tonus are fonnecl, comprising respectively 
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the data of the oYary 11·ith the corpus lu(eum ( ( '_L. ) un d t lw~e of 
t he oYa r_Y IYi thou t th is body (X.C.L. \. Tn Ta hlP :1~ dpta ils n·ill lw 
fo\md. 

ll"eiyhto of 0 flfl ries . 

No. Ch ss. 

Non-pregnHnt ..... .. . . 
2 l st mont h ... . .. . .. . . ... . . . 
:3 2nd mont h ... .... .. . . . . . . . . 
4 3rd mont h . . .. . . ... ... .. .. . 
;) 4t h mont h .... . .. . . . . . 
6 5th mont h .. . . . .. . . . . . 

No. of 
Obsen ·. 

!) 

12 
8 
(i 

7 
;) 

o ,·a ry with I o,·ary wit hout 
C.L. C.L. 

G rn. Om. 
l · 4U 0·69 
l · :38 0 ·66 
1· 44 0 ·73 
1 · 33 0 ·67 
l·l4 0 ·61 
1·00 0· :38 

On a.ualy ,;i ~ iL is found th at nolle of t he di fferences betwePJI 
groups of t h r C.L. se1·ies is siguificaut. I n vie" · of the f act that t h e 
corpu s luteu m acco unts fo r practi cally half the 11·ei.g·ht of the ovary 
in which i t iR located (see differen ce bet " ·ee n t he h1·o ovarieR of thP 
sam e sh eep), it i s maintai ned that any ch ange in s ize of t h e co rpus 
wi ll be r efl ected in the 11·eight of th e oYa.ry . Con :se1Iuent ly th e abo1·,.. 
fin ding suggests t ha t th r ou ghou t p regnancy t here is 11 0 signifi cant 
ehange in th t- 11·eig ht of t he e01·pus lu t eum. IIowe,·er. there is th e 
possibilit y t h:1 t. <:han ges of a eompen ~utin g na tur e m ay o<·<·u r iu both 
t h e corpus and th<e r emain der of the ovary . H<me,·er , r efere nce to 
th e K .C.L . ser ies sh o11·s t hat h ere uo signifi <"ant cha nges h ave 
occu r red . l\{oreoYel'. t he (l OIYJl 11·arcl tren d in th e l ast b• o groups is 
well refl ected in both series . This m ay be ascr ibed to progressin • 
a tr esia of Gr aafian follicles, a nd th e somewhat g r eater drop in the 
C.L. ,;eries m ay he att ribu ted to th ib effect beiug more marked 111 

the ovary earr.vin g- t he corpus lu teum (H ammo nd , 1927). 

F r om t h e aboYe rea"oning it is conl·luded t ha t·, at leasi in t h<• 
presen t data , t here is n o eviden ce of a ny cha nge i n llw " ·e ig-ht of 
the corpus lu teum throu g hou t th e <·01Jr ;;e of p reg-n n n cy. 

R egarding all ib e e11Clor· rines i t mu ,; t b e stat erl thnt 11o :;ignifica u t 
difl'eren ees h aYe beRn cl em on st rate<l. Prnhabh th P reason fo1· thi ~ 
iH t ha t , considering t h e g-r ea t " ' 'riation-; encuul; t i:'r ed, th e mnn her s of 
observa t ions wen~ to.::> limite<l to allo11· Il l t·he de tect-ion of auy c bn nges 
t hat m igh t h aYP iaken place. ProlJably th e main Yahw of t his 
sed ion lies in th e fa r:t t hat i t cl enwn ;; trates ilw fu t-il itY of S\ H·h 

s t ndies on an \" h u t ,-pr ' extensive groups of auima ls. . 

(f) G ENERAL. 

1. In the r en ew of t he li tP rature ii· h:-rs been poini<•d ou t th at 
th e ovmn m :-ry ei t.lter hecome im pla n ted i n th e hnn 1 on th e same 
' ide ns tlw onu·_,. f rom which i t originate<l , or .it ma_1· migrate t o 
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t lte upvus.ite sid e. Attt·n t ion i~ di recie<l to th<· s la te nwn i of Cbrk 
( l 931i) i lw t in the buYiue more i oet u se~ are <;<lrriecl in 1 he righi !tont 
t han in Hte lt'ft. nnd ihat t lti ~ is not du e to 111on• frequ e nt htnet.ioning 
of the r ight o1·ar~·. hut to lllOl'e fl' eq uPut migTai ion fro m ) pfl (o 
right. CmL..;idering ibe topography of the II LlllP tt o ne mighi <·onclll<le 
i ltni the prPssure P:\Prtt·d h,'l· t l ti~ org·a n \t;t ~ an illlpodant lw;nitt g· 
on thest· findiJig'S. T h e ~a me 11·oulrl l: e t•:-.:pede <l 1o appl.1· io th e 
~ h eq>. 

'I' h e dn!;t l'ulled ed cl uri ll g (be CO UJ'S e of t JJ e pre . ..;pn t IYOJ' i; are 
presPnted i n Table :'l9. 

T .I 1\LE :39. 

8 iluulio11 u/ Fu Pt u s un d ( 'o tpus / ,u[l'll!tl. 

Xo .\ Tip-ration. \rigration. Tntal. 

1:1,et us Ill l{igh t Horn I ~ :\ :.' I 

~-"(•('tus Ill L"ft Hul'll l o .. 1.-, 
----

Ttl'!' .\ lA. :?~ K 

By m ean..; of ih e S " it'st it is lJossihl e to compare ,,-.i tlt eat·h 
t>tlte r migTai ion a n d JtJJll-llligTa tio n ; mig ration io Ut e righi wlll 
mig n1tion 1 o the left : foe( us in rig M horn ;md foetus in left. On 1,'1· 
i n the first instnnce (migralim1 an d non-llligratioH ) do t hn ob;-;t•rYt·d 
figu r es tliffe r sig·nifi cantly from th ei r expt •t· ted " " lu e~ . Thus it i~ 
,;pe n tlwt there i:> a veTy d efin ite (l'ndt•nc\ for t lw OY\1111 io h t> t·ut ttt' 
impl:tn h• <l ou the ,; icl e r;n ,,·hiclt it i s lib~· ntte rl. I n fact, the udd ,; 
:tt 'P Jtt on· than 100 i. o 1 ag<tin s t i ts mignttion. Then· i s no s i.gnific:1nt 
di.tier e JH·e rpg·anling tlw nttmlwr of foetu~e.s r·arrietl in each horn. 
ltor i s tnigr<ttintt n tnrP likely t o oce ur ·in o ne di1·edio n ilt:tn i n t lt e 
ot h t> l". 

f n li P \\' of t·lw r Pl:ttin·h· stna ll numl w r of :lllimal s Plllpl oyed 
it !t a N lwen dnf'irl ... ,lio i.J tdud(' he re t h e dab s nppli ecl hy ( 'u n wn (183-t) 
Tlt e rl et<tih for lite t·otnltin Pd gronp o f 12 t"\U '.' :tl'<' spt ont in T:1hl e ..J.(I . 

T I llLE 40. 

S/lulllln11 n.f P oet11s onrl Cmp11s l / 11 fe11m. 

1 
Xo ~[ig ration. j .\ri gn>tion . 

Foetus in l{ight Hol'tl 37 :, 

1-',.etns in Lc·ft lf om .. :111 

TOTAl ..... . . . . .. . .. . , ... . 62 ]II 
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J. H. L. CLOETE. 

A, only data relating to shee]J ]H eguant fu1 01 days or longer 
have been employed, 1he a l1nn• e<tcwtion hold :,; goo<l only from t he 
beginning of t he second m onth of g<"t>ta tion. D nrin g t II e fir st month 
th e weigh t of the Joeta l system i,; n eg) igihle. 

CHAPTER 5.- SUMMARY. 

Attell iin n is <lirectecl to t he ]JHUcity of infmuw t iou 1·eganliug 
prenatal gro1dh of clome,;t i< ·atP<l JJJalllllJa l" aud to tlw fad that llllll "h 
of the ant.ilable knowledge is rendered rmtdically valu ele,;s through 
lack of accurnte cle•finitioit. 'l'ht> im lJortmlc<> of accurate standards 
for ageillg foetu ,;p:-; is stres~ecl. Th e present inve;;tigation aims at 
provilling ~ueh stn uuanl s ft n· the )lerino sh eep. In ad<lition , durillg 
the course of the \Y ork 1·aluable data have been collected eon<·erning· 
t hosP ma ter nal ~yst em ,; " ·hich are c hiefly n~soeiatP cl in tht> re lwo
ductive proress , i. e. the genitalia , til e enJocrines fiJHl t·he m a nJ Jll<ll".'. 
g lands. \YlJereY<-'1" possible. changps of a cpmlitat i.ve natun• have 
been desni.betl in <ldnil, "·b i le ttu:mtitative rln ta h:w e he<>ll snb.i edecl 
to .~tn tis tica l :m:tl~ ,;is . 

In the ,;heep it is found t ha. t , ''"it·h the exception pf t he Fallopian 
tube,;, the entire genital tr:td underg-oes exten~i ,·e enla rgem eut <luring 
pregnall< ·.\". bt the horns an d the body of the ntenu; :t ,;ignificant 
enlnq.!.·enJ ent is e1· i<l ent sooner than in t h e Yagina an<l the <" <>rvix. 
Vi' h erP:1 s t he fontiPr han· to carry t h e <lPYel;tpiug fopta l sy" tP.n. 
wcrea~e in t h e lntit• r m<>rely anti cipat e~:> the neP <l s of pa rtu ri tinH . 
.In a ll tht>~e organ s the enlargement ohserve<l is the re.sult of active 
g-rmdh of thP r rgio n:;; cmlcern e<l, not of m ere p :t,;si Ye stretchiJJg. 

B~· abou t mid-term the placenta has r ea<·he<l its m ax imum 
dE>Yelopme nt:. Aftt"J" t his there io; <1 fnll in "·eight, whil e the 
in eli vidua I eoty le<lon s tPn <1 i o he come fb ttenecl. Through on t 
preg nan cy the ''"eight of the foetal memhr nnes innen ~es steadi l~·. 

Tlt e tota l Yolmu p of foeta l flnid i.unf'ases rapidly un til the thinl 
month, n·mains pradica ll~· unchange<l dnring the four t h , nlHl then 
again in<TP:tses. The first increase is the n·~ult of 1 apid al"cnmula hon 
of amniotic fluitl , IYhile th e second is <luP entirely to t he allantoic 
fluid; for <luring t he second half of gesta tion tl1 e , :J lume of amniot.i< 
fluid becom e .~ <l e <·J ea~e<l. During thf' fom·th moutl1 a hnlan<'e i,; 
nttainecl between allantoic inerPn se and am nioti <" <lenease . This 
fla ttPning of the curve i,; r efl ecte<l in lll<H-;t of the 11·eight,; and m easure
nwnts of the ut er u~. Although S]Jecific gr aYiiy a n<l !tyclrog'PJJ-ion 
<·oncentration of the fiuid~ \\" Pre <· on;;i <l ered , no imporhlllt eh anp:es 
IT ere cl etertP<l. 

l 'h e y;pight of the matPrnal mammary gland lwg- ius to innea,;e 
iu t h e fourth month of gestation , bllt the ma jor portion of the 
lllc·n~ a,; e necurs onl :r in th e ht st. month . The wa.!.ery secretion 
ub,;PneJ at mid-term ch :mge~ gra tlu a ll y into t h e yellowish hon ey-like 
f'h olostral milk. 

Heg·a r rling tll e maternal en<lo r ri'l e glano s it i~ eo nduc1 erl that 
ns a. r esult of large individual varint.ion s uo significan t manoseopic 
c h::nges can be demonstrat.ed. For S1H'h stud ies Yery large groupo: of 
ammals woulrl he n ecessar~· . 
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vVith r eferenc-e to the fo etus i t i s found that g-rowth 1ot h iu 
weight and in length follo"·~ a double parabolic trend r epresented 
by the formu Ia 

Log e Dimension = a + b Log e Age + c (Loge Agc )2
. 

The coefficient of nu·iation for " ·eight is o1·e1· :ZU per ceu L , whe1·eas 
that of the moHt satisfactory lengtl1 me<tscuem ent (l t> ngth of th<· 
1·Prtebral cohnnn ) is unde1· 4 per t•eul. 

The percentage gro1dh-rates of both length ancl 1n"ip:b t deGrease 
,; t eadily and GontinuouBly through011t prenatal life . Th eTe iB It o 

eYi rl ence of abrupt " l1reaks .. in these rates . 

The weight-length Tatio of the gnmiug foetus follo11·s a ;-;imple 
logarithmic treutl. The coeffici en t of ntriation is high , Jwmel y <~Lout 
17 per cent .; lwnce this r:t!io lw c; li tt le 1;dne a s au iu!lex ol age . 

lu LOonnectiun 11itiJ regiomd grmdh it i s fouutl that IYitll t h e 
exLOeption of lengt h of the n t:d~ (" ·hich is high ly 1m·iahle) all t l1 e 
dimensions consid en~ cl arP ca pa hle of 1·epTeseuta tioH hy paraholuP 
such as deser ihed for gwwth of t l1 e entire body. From a consid e ra t ion 
of t he p er cent age grmdh-rat es of these tlim eu ,.;ion~ tb f' t h em y i,; 
formed that changes in tlw proportion s of the gTo\Ying foetu s ar e 
t he r esult of <liffenential rate:.; of re tardation of rPg-imtal gTowth . 
The degree of retardation in any 1·egiou appears to l)e pmportioua 1 
to th e lapse of tinll' since• the im·Ppt ion of gn11dh in tl1at rPgion. 

In ou e comprehe11sive table are :.;et out the t otal , trend and 
r esidual correlation eoefficieut c; for each p<lir of dimen sion ,; . ln 
all ins tan ees the total conela ti on is hi g·h ly :.; ignifiean t , hut onl .1· 

between doc;e]y 1·elated rlimen c> ion s i ,.; t here a "ignificaut r es idua l 
correlat io11. Thus in most in:.;tan ces the high total corr elation i s 
tlue almost entiTel y to t he r·.onml OII growth-tren d . 

As the objed of the work is to pnwide ageing standards, det ai ls 
a r H furnish ed as to the mann er in which t he above knmdeflg· e is to 
be applied . Speci<tl meution i:.; made of a ::; imple nor mogra ph so 
eon structed as to allmY of t he straightfor11·ard Teading of nge from 
one or mon~ measure<l dimen sion ::; . 

lu a suppl ementary iS !~ dion are conc; idered th e r ela tion bet 11·eeJ1 
the pregn ant horn of the uterm; anrl the sit ua t ion of the corpus 
luteuru, and t1J e growth of t he entire foetal syst em . In t:onn edion 
with the fonu e r it is conclud ed that there i ~:> a significant t endency 
for the foetus to he carried in the horn on th e ~a me si tl e a ;; th e 
ovar y eoutainiug the eorpu s luteum. The num her s of foetuses 
LOarried in ear:h horn do not vary significantly , n eith er i s theTe 
eYid enee of any tenden cy towa rds migration of thP onun in one 
~ peci a 1 eli rect i on. 

Knowlt>dge of the \Yeight of the foetal s.v ,;t em is of importance 
to \Yorkers wishing- to ac1just the li1·e \\· eight s of p regnant p\\·es . 
In this investigation the nett weight of the ewe (i .e. gross weigM 
less weight of foetal system) is fouml to have no significan t effect 
on t he weight of the foetal syste!ll. Hence an eqnation i:.; presen t ed 
i 11 which tlw weight of the foetal ,;;- · ~tem (i.e. tlw corrt> ction t o 
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be applied) i ~; ginn in t erms on I~· of the ]engt h of gt>~ta tion. l-1 O \Y

ever, a ~ th e coefficien t of variation is over 26 per cent., t1J e conedi ou 
must be regarded as Yer:v approxima te. 
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PHEXATAL GIW\\'TH HI THE )[r~HJ::\'0 !'HEEP. 

APPENDIX " B ' ' . 

( 'o ll l ll tel1ts on the Methods .4.do]ded in Fittin(J Ou1·ves. 

As indicated in the text t he "·e ig ht-age data were t he first to be con
sidered. The i nd iYidurtl observations were translated to logarithmic form. 
For com ·e niencc Jet .c s i g; inf~· these Yalues of the age data. and y those of 
the weight data . It appeared thnt the plotting of 11 agai nst .1' resulted in a 
stra ight-line distribution. Con sequent!~· the regress ion coefficient IJ wa, 
determin ed and a st raight lint> 11·ith the formula Y = (y - bx) + bx was 
fitted. 

Next the standard deviation of a si ngle observation about this line was 
('a lculated. Let thi s be S. 

1ng 

'l'he <.;oefficient ol· Yariation = IOU X S % 

The signifiC'am·r· of the coeffieiPnt or regress totJ wa s tested by cnlculat-

6 
S l% 

:\.!though the significance 11·ns high the fact that the coefficient of ,·ar iat ioJl 
was large nnd that thE' aetna! ohse rvntions \\'e r<' h:1dly ;;(·flttered about. till· 
regress ion line led one to br,lieYe that a better "fit" would be obtained b~· 
introdue ing; a lso the sq uat·<• of the age , i.e. , fitting a parn.hola. For t hi s 
tlw form u Ia is: -

Here .c" reprf'~ents the square of the <Lge , aud b, and IJ 2 arp the coeffi c; ients. 
'.L'he former signifies the tenclem·." to\l·arcl s straightness while the lntter intro
dnees the <.;nrvecl tt>nclency. 

'l'he coefficient of varint ion is ca lculated a~ before , whil e the significance 
of both coefficients IS tested in the same mnnner as pre,· iously descri bed. 

Bu t h on account of th e lmYer coeffil'ient of variation and the improH•d 
distribution of t hf' data about the line , it is concluded that thi s line "fits .. 
th e data mon• satisfa0torily t h an t he previous one·. 

Jt will be remember<?d that in the above calculatio n both age and IH•ight 
were r epresented in thei r logarithmic forms . ln order to eliminate these 
logarithms it i s necessar.v to tn ke ant ilogarithms on both sides of the quest ion. 
rn this wa_,. it i s poss ible to determinE' for an." seri es of age Yalne' t he con·es
ponding expected ,·alues of weight. 'l'he const rudi on of a smooth " ·e ight-age 
<·un·e is then a simple matte r. All tl•e cm·,·es presented in r·hapter J ( in 
the sevtion con,.er ning t he foet us) IYere ,.onstrnded in this manner. 

ln the majorit.v of cases it was obvious from tlw plotting of the log a rithn1s 
of t il(• dimensions against those of age that a straight lin e wonlcl not gi,·e the 
hest " fit ". Th e refor <?. this equation was not C<~k ulated. However , in a ll 
instances the <.;oeffieient of Ya1·intion of t he linear logarithmic trend was 
clet.Prmined. '!'hi s was done in onkr to establi sh cl efi nitel~-, in each C'nse, t!JP 
superiority of t lw <·nrYed log;nrithmic trend . 

lt is to he noted that the tech11ique employed in these c:alculations, and, in 
fe(·t, t hrou g hout th e whole work. is t hat •;tandardized Ly R. A. l<'islwr in 
hi s "Statistica l MethQds for Researl'h Workers", from which all basi c 
fo l'lllnln e h a.ve been obta in ed. 




