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Studies in Sex Physiology , No. 15. 

Further Observations on the Body Weight and 
Crown-Rump Length of Merino Foetuses. 

:Uy A . l'. :JIA l .A.'i mHl H. H. CCH SO:\ , Sedion ~ of SLtt i~tics <Hlll 
_-\uatomy, Ond er st epoort. 

1.-' Sex l'hy,;iology S tml:'' ] J (Ctil ,;on all<l .JbLtn, JD3::J ), thP efted o l 
<tge on t lte ,,-e ight ;md C.H . leugtl1 of t he }J.erino fod us 11·a ,; t·ons i­
dered , ol,seiT<tt ion.' be ing l1<t sed on 1:1 foP tu ,;e~ origin<tlly rdenl'd i o 
i n S c•x l' hysio logy Study J U (F of't 1\Ses J, II) , J U. 22. 27 , :u, J(j an d -!0 ) 
and Stud.\ 12 (Foelu :;e,; H , 42 , -1-J , 44 ana 40 ). T hP C. H. lengt h \\H ~ 
tue<t sm ed in <1 stmight l ine, acconhng to t h e mdholl lle,;crihell hy 
E.ei hel anrl }l<t ll (1910) . 

J.n St u<l .v 1~3 <tll app10xim<tl e Jela tion sh ip he t " ·e<-' 11 holly 11·Pigld 
antl C.H. leng· t h was g i,·en, thi ,.: heing hn:' e<l on an <t pparen l COJJS(ald 
rati o he L11·ee11 th e 1·eb t iYe i ncr e<tse,; i 11 ,,eigh t anrl t h e l'OJTP,;pmHl iug 
i ncn' <t:ie~ in \' .H. len !..dh. Sinl'e . ho,, e,·er . onh 1:3 foe(u.;e,; 11·en' 
Pmploye ll , tl1P e:iii mat'Pll 1elati onship '''l:i ina l'C1;rate rlue in inrliYi­
!lna l Yrtl'i<ltion in foeLll g-1mdh . In orcll•r. i h erPfnre . i o i lll ]ll OYe on 
the p osition , more exten~iYP rLlta Hll' U:'.ell for th P res ults 11·h ich no11· 
<lJlPP<Il' in t h is paper. 

'l'lw llata in ques tion a 1e ohta iJ tPll from Sex l'h:'i·., iolog,,- S t urli e' 
JO. 12 nnrl HiC') . ThP om• ~eries of foetnse' (nw ntion ecl in St urlie,.; 
10 <l JHl 12) 11as oht <l illPll ho m t he san1e ·Hol'k , i. e . (:f rootfont<·i n Sf'l10ol 
of 1\ gric ll ltlll'e , \' <t pe l'r iYince . 11·hile t]J p oth ('l' SP r ie;; (lll E' II t ionr'fl i n 
Shnl v ]()) crt 111 e hom l·:rmdo, ' l'Jan sYanl. Th ese (laht are ta b11laterl 
helm;- in Ta hles J :m rl II. 

*See f oll o11· ina ~ t u ch " ·h ich dea ls \Yi t l1 t he dfed of :l "P 0 11 the incn 'a se i n 
s nrfn ce a rea. :Fo1:' t l1i s ,i n c 11· series of fod uscs 11·as ohbi 1~ed. 
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S TCDIES I~ SEX PHYSIOLOGY, NO . 15. 

'f ABLE I-(The Grootf ontein Series). 

l. 
2. 
3. . . 
4. 
5 . .. .. 
6 . .. 
7. .. 
8 . .. 
9. 

10. .. 
11 
1:2. .. 
13. 
14. .. 
1;i . 
16. 
17 . .. 
18. 
1\J . .. 
20. . . 
21. . . 
22. 
23 . 
24. 
25. 
26. .. 
27. .. 
28 . .. 
29. 
30 . . . 
31. .. .. 
32. .. 
33. 
34 . .. 
35. .. .. 
36. . . 
37 . .. 
38. .. 
3!l. .. 
40. .. 
41. .. 

l. .. . . .. . . ... . .. . 
2 ... . . .. . .... .. . . 
3 ... . . .. . ....... . 
4 ..... . . .. ..... . . 
5 ... .. .. .. ... .. . . 
6 . . . .. . . . . .. . . .. . 
7 . . . .. .. .• . . .. . . . 
8 . . . .. ... . . . .. . . . 
9 . . .. . ... . ..... . . 

10 . . . ....... . . .. . . 

I 
1 2 3 I C.R. iength. Foetus. ~>\ge. 

Weight. 
(gm.) (em.) 

Days. H ours. 
H 30 0·62 1·6 
1 :Z:~ 4 1· 13 :2· 1 
2 33 20 1 ·56 :2·:3 
3 :35 1 1 93 2 ·4 
-J. 36 23 1 83 2 J 
(i :J!l 1 -± 08 3·5 
7 40 8 4 ·13 3 2 
8 42 16 2 ·77 3 3 
9 ·13 22 8 06 4 ·1 

10 4-± 21 7·81 3 ·9 
ll 46 6 1:3 32 5 ·1 
12 46 22 7 ·87 4 8 
13 48 8 13 06 5 3 
1+ 4!) I 17·58 5·7 
15 40 2:{ 24 2 6·7 
l G •il 1 23 ·9 G·7 
17 ;i2 l 25· 6 7 ·2 
18 .}:l 27 ·8 7·:3 
19 56 4 36 5 7·!) 
:2:2 64 16 88 5 10 5 
2:{ 6ii 21 103·0 ll·5 
24 66 18 120 ll \) 
25 68 15 152 12 6 
26 70 17 178 13 ·4 
27 72 13 187 14 ·1 
28 1\() 22 320 20 ·0 
29 82 3 400 17 ·3 
30 82 23 415 17·4 
32 84 17 458 19·3 
33 84 l!l 414 18·7 
34 86 20 3;);) 16·5 
36 96 18 959 23 ·6 
37 100 16 988 23 ·5 
38 101 13 943 22 ·9 
39 102 18 1,011 21 ·6 
40 105 2 1,676 25·5 
41 108 16 1,217 23 
42 ll6 1,490 26 
43 125 2,810 33 
44 135 2,780 36 
4:) 145 2,790 35 

TABLE II- (T he Ennelo Series). 

F oetus. 

35,712 
35,510 Male 
35,669 , 
35,592 Female 
33,131 Male 
39,904 
32,969 
36,976 
45,060 , 
4ii,023 Female 

240 

2 
Age. 

(days .) 

31 
5;) 

61 
64 
92 
94 

107 
122 
147+ 2 

± 149 

vvefght . I C.R. iength. 
(gm .) (em .) 
----;--~~--

1 
40 
70 ·6 
82 

617 
680 

1,320 
2,230 
2,976 
3,750 

1·9 
9 8 

11 ·0 
12 ·!l 
25·0 
25 ·0 
29·5 
32·0 
40 
45 
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STLJJJES TN S EX PilYS l OLOGY, XO. 15. 

C H Ain B. 

'l'he lJorl y ll'e ight of th e M erino T'oetv s plotted against i ts (stTaight) 
G.B. L e11gth . 

(The continuous line represents tli= 0 ·147/2·7:).; .) 
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A. P . ?~!ALAN AKD H. H. CliltSOJ'\. 

When t h e nat m al logarithms of the "·eights and C.1L lengths 
are taken of all the data contained in Tables I and 11, columns J 
<lltd 4, and t he Yalu es for the ,,·eigh t ploltecl r1gainst the oone::;poncl­
ino· value~ for length , a strong linear relatiou~h ip is ob:;enet1. Thi s 
rela tionsh ip is dearly i llu st rated by Chat t A, "·he re lhe contim1ou,; 
line repr ese nts 1.h e best fitting straight lin e. 

Th e equation of this stra ight line " ·as ca lculated hom t he 
logarithm ie Yalues by t h e method of lea st squares and is giYeu by : -

y = 0 · 3G3.?: + 0 · 4265, .... ........... (l) 
\\·here :t• = loge (1r ei.r;!d). 
and y -~ lo.r;c (C.R. length) . 

. -b pointe<1 out in th e p1·eYious stu<1y (Curson nud ~lalan, 193;)) 
( li e liuear relationsh ip heh1ceu t he eone,;pouding logaritlunir YahlP:i 
indicates a coJl ::;(an t ratio bebl'eeu the Tela tiYe inc:rease iu C.R. length 
ii !Hl th," col'respnuling r ela(iYe incTea8e in h o<ly '1\eigltt. Or i11 otlwr 
1\'0rcls, t h at th e C. lL length, in unit~ of actual ob~erYai.ion , is pro­
porli oHal to a po,,·er ·of t h e hod.\· weig·h t. This powt>r index is repre­
sented by the "slope " of the str aight lin e in Chart A am1 is t>qual 
to t h e coefficient of .1: in e'1unhon (J ) . 

B y conYer ti ug equation (1) unto units of obserY~1tion the follo'IY­
mg equat ion, illu~trated i n Chart B is obtained:-

l = 2 ·066 u: 0
'
363 

.. . ... ... .. ....... (2) 
'" here l = C.R. length in em., 
a n cl ?c = body 1ceigh t in gm. 

[It is evid ent t hat " ·here in the ahoYe equations (l) a!Hl (2) the 
C.H. lengt h m easurem ents are rxpressed afi a function of the hofly 
'"eigh t Yalues, the converse, i .e . expres~ing "·eight as a function of 
C. H. length is equ ally possible . T he corresponding equations are:-

.1' = 2 ' 759y - 1 . 934 
a nd lc = 0 ·147 p.m ... 

(J)l 

(2) l] 

Un t he assumption of a linear rel ation ship between tht> natural 
logarit hmi c Yalues of " ·eight an fl C.H. length it is clear that this 
re lationsh ip is u niqu ely determined by one point ou tlte shaight line 
(C'h<trt A ) an cl its slope. But to <letermine the ac<:uracy, or stan<hnl 
error of the C.H . l ength , giYen h.v equation (1) for an.\· partic11lar 
natural logaritl1mi.c Yalue of t he body " ·eight, one huthe1· assumption 
m::ule in th e calculation ·of th is equation, Juust he adoptPr1, i .e. tht> 
logarithmic n lues of a ll c.n. lengths during the gestation period 
h ad to be ass nm t>fl a;; " t>qualh· Yariahle " . 'l'his Msumption aho 
seems '1Yanantef1 h.\· the dr~t a rrpresented on Chart A. 

\\'h en t he <leYi:dion of a IJ :lltielllar C.H. leng1 h ho 111 tl1e corres­
poucling l'.rperted n1lue on the stra ight line giYen hy eq1.wtion (1) is 
r·onsiclererl , it hns a stanrlard cleYiation of 'IYhich the Pstimate is 
± 0 ·0969 . Th ese deYiations, howeYer, are fli:fferenres bet'l·een 
l og·Gr i(h mic Ya lnes, ant! expressed in units of achwl obserYation the 
nhoYe yn] ne is n rat io a11 rl sh oul fl be internrr ted as a standard devia-
1HHl of 9·59 pt> r ct>nt . of the r :rpected ya]ne. 
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:-;T r JJII·: S I ); SEX rHYSlOLOGY, XO. 1.). 

C HAHT C. ( GHo<>TFO:-<Tn:-; SER I I·:,; . ) 

1'/, e ]iody TV eigltf of th e .ll erinr; F orf us pl ottrrl nqa in .,t i t s (shoight) 
C.R. L en olh . 

(T he dotted l ine l'Ppre~c n ts 11' = 0· 18.51'·"'.) 

I I I I I I I I I I I I it I 
,JOOO 

I I I I I I I I I I I I I -l-I I I I I I 
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cL P. ~IALAX AND H . H. Cl;RSOX. 

The fact that the above estimate oi the staudanl cleYiation 1s a 
constant percentage of the e.r[Jected value, or in otl1er \Yorcls, that the 
stand anl clev.ia tion from the e.'cpected ntlue expressed in uni ts of 
obsen·at ion is directly p1·oportional to t h e correspondin g e.rprctcd 
value, is eontained in the assumption made th at the logarit hmic 
valuec; (of C.H. length and body " ·eight) rn e ef]ually variable. 

lTaking the body " ·eight as tbe !lependent a nd C.l{ length as 
the independent variahle and h ence u ,;in g equatious (1) 1 and (2) 1 to 
estimate the standard devin t ion of an ohRervecl value for ho(ly "·eig·ht, 
± 2G · 0li per cent is found. J 

It i;-; no\\· p ropose rl to b1·i efly (leal " ·ith tht> "slope " of til e 
8traight line " ·hich is given by the coeffi cient of the independent 
variable in equation (l) and also by the power inctex in ef]uution (2) . 
The ,;tandarcl error of tb e statistic is + 0 · 00:):{28 and i t i ;:; therefore 
mdil.;e/yt to obtain an estimate from a c~r1·esponding series of foet u;oes 
,,-hich \\·ill not fall hetiY eea + 0 · 350 and + 0 · 3"i7. 

For the sake of comparison the data contain ed in 'l'able:; I and II 
\Yere taken separately . 'l'he parabolic equatio11s obtained hom these 
series, logeth er ''"i th th e observe<l data, are graphically represent.-d 
by Charts U :mel D. The equation for the Grootfonteiu seri es 
(Chart C) is: -

(3) 

and t ha t for th e Ennelo series (Chart D ) rs :-

Z= 2·23 1t 0
"

3 66 (or 7c= O·J24 Z"·' 0
) .. . .. . . .... ... . (4 ) 

\Vhere as before, 

w = body weight in gm,. 
and l = C.R. length in em. 

TADLE III.-(See Sex Physiology Study 13) . 

1 2 3 4 5 
Curved C.R. Curved C.R. 

Foetus. Age. Weight. Length (em.). Length (em.). 
(days. ) (gm .) (observed.) (expected.) 

I 

I 
I 

H •... . . .. . . .. I 30 0·62 1 ·7 1 ·9 
3 ... .. . . . .. . . 35 1 9 2 ·5 2·8 

10 .. ' .. . ..... . 45 7· 8 6 0 4·9 
19 .. . .. . . .. . . . 55 36·5 9 3 8 ·7 
22 ....... .. . . . 65 88·4 12·0 12·2 
27 . . . . . ... ' . . . 73 187 17 ·5 16·3 
33 ....... ' . .. . 85 414 22·8 22·1 
36 . .. .. . ... .. . 97 959 27· 3 :'10·3 
40 . .... . . . .... 105 1,576 34·0 36·8 
42 .... . .. .. . . . 115 1,490 37 ·5 35·9 
43 .... . ... . . .. 125 2,810 43 ·8 45 ·8 
44 ....... . . .. . 135 2,780 45 ·3 45 ·6 
45 ............ 145 2,790 47·5 45·7 

t Note t hat unlikely r efers to a probability less than 1 per cent. 
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'i ' l 'l" I I ; I·: S I X S I-:X .l'liY S I OJ.()(;y, ::\0 . J.-,, 

C l! .\ 1\T D . ( ]i;!L\lELO SEIUES.) 

1'/ir JJutly ll .eiaht of the Jl erin o F netus plotte<l aaa inst it.1 (.s tra iaht ) 
( ' .. /! . ] ,l'll !]f li . 

( Dolted line r c pres<' nt s tc = 0 ·121/ 2'7" . ) 
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A. P . :IIAL.~X -~XD H. H . CURSOX. 

As it was felt t h at t he C'.TI. length measuremenb ["g·iYeu in the 
ubo,·e tables and taken as indiuttecl by Keihel an1l :Jiall (19JO)l, 
J epenrl largely on t be po~ture o£ the foet us, it " ·as eonsidered po~­
sible tha t a mOl'e r eliable C. H . length migh t he obtained by 
measming alon g th e liar!.: instea d ot taking a straiglli. line fr.om the 
t:l o"·n to the rump. Obsenahons of the modifie r] C.H . length "·en• 
accordingly ma cle , anrl the thir teen foetuses dealt with in Sex 
l>hysiolog_\·, X o. 10 (Curson and :Ji alan, 19:3;)) \Yere aga in measu rer], 
thi s tim e along the hac k and t he results tahnlatecl in Table III . 

'rhe 1·elntionshiv behYeen the '"eigh t a nrl " C1lrYPrl " C.H . length 
1s given by th e follo" ·ing equation : -

l = 2 ·214 tr 0
'
382 (n· = 0·131 Z"·';") ... . . . . .. (5) 

C HAH'L' E . 
T he Jiocly TV eight of til e JJ e1ino F oetus plotted against its ( cu/'l'ed) 

C.R. L eng th. 
(Dotted line r epresents w = 0 · l :31/26" .) 

.---.-,---,r-T---,---·~--.-.--,--,--...,-...,--.,--,--,--,--,.--,---..,-...,---,---,--,---,---, 

" " ···-1-- -- - ~t·- --·----. ~---.... +---ll--l---1--l -+---l--+-+-+---<-l---1---+---l-=­

- -'-1-- - -· --~-·+-+---r-1 -+--+-1-1 -+--+--+-1--l~~o+--1 

1-~L-J--+~-+-+-+-+-1-~-1-~,_,-+-+-,-r-r-~~'~~--r-
1-+---+-+-+--1---l---1--+--"-1- -+---1--+1 -+--+---<,--+----+--+--+-+-+[/7' - 1--

2~00 -r ' ' 

l I ~f +-+----+--1 
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C.R . lA:ntth 111 em. 
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'l'he di sCl'ep<l nc ies betiYeen th e ob~erYed and exp ede<l U.lL 
length~ (T a ble Ill) are ,,Jw" n b_y t h e points on Chart E , joined by 
continuo u ~ aiJ <l dotted lines, resrwctiYel,J·. Compa ring· the results 
obtaiu ed l1e re 11 i t h 1l10~e in Sex IJh y,;i ology Stud~- .1 3, Cha r t D, the 
.. fit" does uo t uplJP<l l' to bt' i 1np roYerl. The rbtn <Il l' ]J O\I'<' H'J· ioo 
fe\1 for a defi 11 itP conclusion. 

l t i.-; sh ·i king h o 11· litt le i nfm· n~;d i rm i.s aYaibblr· n·g·<ll'!li ng· C. IL 
lellg·ih s. ;\eediW JII ( J ~J:)[ ), i 11 thP <lill)('Utli:x, g !1·in g- t\J <· llOI'nl<llnw g ­
llllll rl Ps i11 eillhryo nir· !l,TO\\ th , gin's (\' ol. r11 , p p . i.( i( i!._l- J(il.'-\ ) , l1lt'l'!:'i~­
tll!' le ngt h (<':xr ·ep t i11 ' l'nld e IS \I' IH•Jt' ( ' .H. lt• ngth. is ~ tatr • rl ) . ' l'il<l t 
i l1i s bcioJ· should l <'C:!:'iYe JJI OJ P ~d IC-~n( io n <lnrl <ldin it<' d P!::J ils inti i­
<·<d<•d is PX<' lllfl lifi t•d i n i!lt' striking difri'Jt•nt ·P:, to ht> nrd t•rl i n ihe 
]pngth of t·erLiiJJ nl t'<I SJIJ't' IIIPilts b-'· Ualp in ( l lf).-l ) a nd ( 'ur ,;o n an<l 
(~uinLm (nJ:)~)- T he ~- ,du es giYe n l 1\· U<llpin a ppL'<IJ' to conespO!Hl 
11itlt thl' l'lii'YPrl ( ' .H . lPng(b lll P<ISlll'eJ ne nb of 1\Jlil t• Ili, colullln -!-. 
c\ .. l' Ol li JHHatiYe tnhle is giYen he re11 JHlt' l': -

T .-\1\LE IY. 

-== = = ----------_-_--==-====I ==== 

Age. 

( llays.) 

-1~' 

;);) . 

;)6 . ' ' ... .. ' .. . . . . . 
G4 .. 
(;;) . ' . . 
68 .. 
J:!. .... . . .• •... . • •. . 
7:l. ' ' . . ' .. ' . . ' .. ' . 
s:1 . . . . .. . . .. . .. . . . 
85 .' '. ' .. ' . . ' .. .. . 
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. \gricu I lura l 

Collcf!C. 

---

' 
G <· nL 

11 
14 

li5 
1()- 20 

22-2:1 

- ----------

I 
Onclcr;tcpoort. 

-----------------

Slrai!!ht 
C.R. L~ngth. 

8 + (h1 ins) 
10 -;) 

1:2 G 
U·l 

18·;) (t""i ns) 

'Cun·ed' 
C.R. Length. 

I 
T-------

1 6 
11 

I I·;) 

:?2·8 

Sr '>DLIUY . 

1. Th e relations hip between C. H . l eng-th and ,,·e igh t of h1o 
~Pries of foPtu .-;es from Groot tonte in Sc·h ool of A p;rir nH nre, C::~pc 
P r01·in r· e antl E nn elo, 'l'r <lll>' Y::J <l l. is ('Onsi(l t-re<l. . T he results g-iYrn 
helm1· <l r~ d<·arl y illustrnte<l h:,· tll e (·hm·(" i. n th e ir:x( . 

(a) To series rom hin ecl: - 7 2 ·0GG u·0
· "·' (11 · ~ 0 · lrJ 7" · ;'" ) . 

(b) G rootfon tein ser ies :-7 = 2·07 7c 0 ··"" ('l.c = 0 ·13o zz. so). 

(c) E n nelo ~e ri e~ : -7 = 2·22S 11. o . 3 c.r. (tc = 0 ·124 zz.;o) _ 

2 . 'rhe i h irter n foetuse~ use<l in S ex Phy siology St ud y X o. n, 
whi('h is p m·t of th e Grootfon tein series, were employed to determin e 

248 



A. P . MALAN AND H. H . C"CRSOK. 

a relat ionship bet ,Yeen " -eight and C.ll. length along the cunature 
of th e back . The result is illustrated by Char t E. The equations 
for t he r elationsh ips u nder ch scu ssion are : -

(a) Straight C.R. length : -
l = 1 . 97 Ll' 0 

" ; 
1 

( Ll ' = 0 ·154 [2. 77
) . 

(u) " CurYecl " C. R . length : -
1= 2 ·214 n·'). 38

" (u· ~ O· l34 P·';o) . 

3. It is suggest ed tha t for uniformitv more attent ion be pa id 
to"·an l s adopting a 1lefi.uite length measu"r ement as a stawlanl for 
stu<l ies in foetal grmd h . 
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