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Studies In Sex Physiology, No. 16. 

Surface Area in the Foetus of the Merino Sheep. 

By A. P. ":\IALA::\" :ttl(l H. H. C'"GHSU::\", Sections of Stntisti('~ awl 
Anatomy. OmlerstPpoort. 

lX'J'I{OTlCCTIOX. 

l l\ r eality thi~ ~huly is a <·ontinuation of Stu<l.\- 1a (l'u rson awl 
Malan) " ·h ere th e eff <eet of age wa ~ st tHliP<l in relat ion to (11 ) general 
hoc1 y form, cz,) body \Yeight, an d (1') C.R . leng·th. "\ ~ the foetuses 
in <tnestion \Yere r equirecl for the h u ther itl\-eiiti g:dion of the external 
O(l(l,Y fonn , :uwtlw1· se1·i p,; of foe tnses has hePn ohtai ner1 t ln·ough thP 
kin dness -of Dr. L. L . Houx, ~\I. Sc . , o£ Ermelo, for t hi s obsen:1tion. 

~eithPr X eeclh am (1881) nm· Hamm mHl (HJT2) h a ~ an_\· infonna
i iou bear iug directl,v ou the subject. 

As the ordinan· m etho<1 of 1·emoYing t he skin and calcnlating its 
area on a m easuring tab le ,,-a,., ob1·iously Ull sat isfactcn·~-. >Ye a<lopte<1 
the suggestion of 2\Ir. F. K H. A ppleton of Onrl erstepoort. This 
consist ed iu dipping t he foetus in a celloidin :solut ion , allm1·inp: the 
Hlaterial to dry, 1·em o\·al of the (' elloid in coat aurl then m easu r ing 
this . In this way " ·as olwi a tecl the shetch ing of the skin which 
would nullify the results obta i ned . 

In Foetuses 32969 (107 clayR) aml !'\69 7G (122 days) and Lamb 
450GO (two <lays plus gest ation per io{l 147 <la ys ), sin ce the hairy coat 
was well established , no att empt \\·as made to remove separately the 
adhering celloiclin coa t , " ·hi ch in a ny cast> . prel' t>ntt> <l sh·etrhing of 
the skin during r em oYaL 
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The data ohtn i ned from t h e ten foetuses are ta hula te<l th us : -

'fAilLE I. 

2 3 4 5 6 

Lamb. 

I (w) (l) , (a) (2) (2) 
Age. 

I 
Weight. C.R. Length. Surface Area. I Surface Area. 

(Days .) (gm .) (em .) (sq. em .) (sq. em .) 

I 
(Observed. ) (Expected .) 

: 

1 
I 

. .. ± 28 - - :1· 1 -

. .. 31 1 

I 

1 ·9 3 ·:i 3 6 
.. . 55 40 9 8 58 i\8 ·3 
... 61 70·6 llO 90 90 9 
. . . 64 82 12 9 98 101·6 
. .. 9:2 61 7 I 2:i 0 I 440 48!\ 

Ko number .. .. 
35712 . . . .... . . 
38510 .. .. .. . . . 
35659 . . . . .. . . . 
35592 . .. ... . . . 
33131 . . . . .. .. . 
39004 . ... .... . . .. 94 680 25 ·0 522 524 
32969 ... .. . . . . . . . 107 1,320 29· 5 854 87f) 
35976 ... . .... . . .. 122 2,230 32 ·0 1,275 1,314 
45060 . . ... .. . . .. . 147 + 2 2,97ii 40 0 (1) 1,920 1,644 
45023 .... . . .. . . . . 

I 
± 149 3,750 45 ·0 2,100 1,902 

(l) He ig ht :1 t " · ithers on secon d day " ·as 34 ·3 em. 
(2) T he legs hc lo"· t he car pus a nd tar sus " ·er e not t aken into con siderat ion . 

D ISCUSSIOX. 

vVe shall rl eal IlO\Y " ·il h th e effPct of age on (n) t h e in cr ease in 
:>urfacP area .:u ul (b) thP r elation heh,·eeu surface area and borly 
" ·eigh t . 

(a ) Th e l~'ffcct of Aqe on t he i ncrease in Surface Area. 

T he information aYai lable concern ing s kin uren at rlifferent ngec; 
i~ contained in colu mns G anrl 2 respedi,·Ply i.n Table I. These 
particula1·::; a r e d iagra nJ :lti calh · sh o"·n in Chart A , " ·h erP surfflce 
area is p lotted agninc;t age anrl t hP Yariou ::; JJoinh; joinerl by a spn es 
of straigh t lin es . 

As in oth er fea tn res of prenatal g rowth, e .g. body 1nigh t and 
C. R. leng th. th e in cr Pase in sudace aren " ·ii h age is exceerl ingly 
slm1· <luri ng ear-]:\· ]H'Pg'Ilanr·~~ . h u L increa;-;ed rapidly wit h alhancing 
age. This acceleration i n th e gTOIYth rate h as its maximum in the 
beginnin g o£ the gestatio11 periorl and r1ecreases to a negli g ible Yalue 
to11·anls th e enrl. 

T he aYerage ra te of in nense m ~urfaee area for !he "·hole 
pre nat al periorl was aiJp roximatel.'; 1 :~ sq. em. [Jer d iem . Hmv this 
rate of incr ease, h o1vever, YariPs '"ii h age is sh o11·n in Chart A , anrl 
also if on e arbitrarily cliYides th e gestation p eriod into t h ree stages of 
about :fift_y da.n; each. 'l' h e gr011'th rates in surface area during t h ese 
success ive interYals ar e approximately 1 sr1. em. pel' die111 , 15 sq. em. 
per diem, a nrl 20 S<J. em . z1er rlirnn respectiYely. It is also obvious 
t hat the tota l ill crease duriu g th e firs t half of pregnancy 1s very 
little in comparison " ·ith th at dmiug the secon rl h alL 
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C HART A. 

T he Increase of th e Skin Area of the M eTino Focht.<. 
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The surfaee area is found to tlouLle itself dur ing the last fo rty 
days of the gestation period , and the s kin area of the mature }[er in o 
sheep (Lines and Pierce) is approxim ately five and a half times t ha t 
of the ne11· bom lamb. (The body " ·eigh t also doubles it self during 
the l ast forty clays of the gest at ion period , bnt the m at ur e weigh t 
is approximately t weh e tintes the bi r th weight. ) 
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CIIAltT B . 

'J'h e GT01ufh ·in IJod!f W eight of the M erino Foetus. 
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(u) The Effect of Age on t he Relation uet 1ceen S urface Area awl 
B ody W eigh t . 

For the sake of compatisou 11·ith Chad A (IYhich illustr ates the 
increase of surface a rea \\·i th n<han ciug age), Chart B has been 
prepared to sho"· th e gTO\dh in bocl _,. " ·e ig·ht for th e smne series of 
foetuses . Then' is a remarkabl e resem hlam·c behn~en t he bYo gra ph s 
ex c;e~pt for a les~ Hwrkecl in ere a se of bod:;· \Yeigh t during t he fi r.-.; t 
half of pregnancy and a more prono unced grcn1th in 11 eigh t (luri 11g 
the second h a lf. This indicates the r eln t iYe1)· g rea t er accel erati on 
of the gr01dh in borly weight. 

A. bett er p idurr. h o \\-:.;YPr , of th e actmd rrlai ion., h ip i,;; fu rni:;hed 
by Chart C \\·here log. (11·eight) is plotted against loge \Surface area) 
as tabula te(l brlo'L 

C HAin C. 

Th e R elation /,ehc cen the R elotire Grmcths in 1T'e ight and Skin 1lrca 
for the Jlerino Foettts . 

(Dotted lin e : ::r = l·284y - l i530.) 
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TABLE II (L ogarith1nic ralues). 

I Log. (C.R. Length).! Loge (~"eight). Log. (Sl~:n Area). 

- ---·--- -----'-----·---'--- - - --___c------"----

Lamb. 

N o number ....... .. .... . 
35721 . . .. . . .. . .. . . ... .. . 
38510 ..... . . .. ....... .. . 
35659 . ....... . .. ...... . . 
35592 . ........ .... .. . .. . 
33131 ................. • . 
39904 ........... . ..... .. 
3:Z960 ..... . . . . . ........ . 
35976 ............ . ..... . 
45060 . . ... .... ...... . .. . 
45023 ... ....... . . . .. . . . . 

0 6419 
2·2824 
2·3979 
2·5649 
3·2189 
3·2 189 
3·384a 
3·4657 
3·6888 
:~ ·8067 

3·6888 
4·2627 
4 ·4067 
6·+249 
6 ·5221 
7 ·1854 
7·7008 
7 !)!)80 
8. 2:205 

1 ·1314 
1 ·2528 
4·0604 
4·4427 
4·5850 
6 ·0868 
6 ·2558 
6 7499 
7 ·li>07 
7 ·.)ii96 
7·(i.J.()7 

The strong linear relationsb i p between the log a rit bmi(' Yah1es is 
clearly s hOII'll by Chart C. 'l'hi ,; apparent linear·ity suggests a con
stant ratio bet,,·flen the relati.Ye iuneases in sm·face ar ea a]l(1 those 
. . { d 1 dw cl 1 da 
m ho<h· we1ght. -d (log,.w) = - -d , and -

1
- (log/t) = - dt " t wt ct a. 

Therefore for a co nstant relationship bei11·eeJL these relati1·e increases. 
a straight line is to follm1· IYhen the natu ral logar ith ms of the \H'ight 
are plotted against t he natural logarith ms of t he corresz10nding skin 
areas. )· Th e be,;t fitting stra ig ht li ne to these logarithmic Ya lues 
was obtain N1 by th e metho<l of le <:~ st squares and is sho\\·n on Chart C 
l1y th e dotte<l lin<-' , its equation being : -

.'l; = l·284.1J - l · :j30 or v = 0·778.r + 1 ·200 .. . . (1) 
\Ther e :v = loge ( lcet:.l)ht) and 

y = loy,. (M ea ) as shown in Table II. 

vVhen in the ahoYe equations th e logarithmic Yalues are t rans
formed into units of actual obenation the following parabolic 
relationships are obtained: -

tv = 0·217a'· 2 8
'
1 or a.= J·3201r0

·"
8 

• 

wher e w = uody tceigltt i11 gm. and 
a = surface area in sq . em. 

. ... . (2) 

This r elationship is sholl'll h.,- th e (lotted line ou Chart D. The 
points joined by a series of c·outiiluous straight line;; 1·epresent the 
ohsen-ed Ya lues ±or body weight :md surface area, as giYen in 
column~ 3 a na £) of Table I , \Yhile t he expeded surface arPas for the 
con es pond ing o hsened weights are call'ulated hom (he ahoYe 
relationship (2) all(l giYeu in column (j of T able I. These " expeeted " 
Yalues are in fair agreement "·i th those ohserYecl. Although th e 
obYious (1iser epancy of the second last point in chart D is, when 
expressed as a percentage, not unduly gr eat, some explanation may 
be given . La mb 45060 was measu red hYo days after birth and the 
fact that i t was rath er thin explains th e relatiYely lo1Y ,~·e i ght i n 
comparison with skin area. 
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C H ,\ H T D. 
'L'h e l l ela t ion uehreen B ody-1ce iold ond 8u rfac e-oreu o.f t he Jl er ino-fo et us. 
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I n Yarim1 ,; puhlif'n tion ,; ou b:hi c JIJ Pta1Jolism of ~ltPP)J (e . _r; . L ine .~: 
a nd P ir rcr , l!J31) , cli ffr ren t ,·a l uP:-: for the c o n ~ta11t~ in the aooYe 
rela t iow:hip (:2) are gi l'ell .. ''' A fa i rlY r :-.: lt au~i iYP r eYi r " · ol th r 
li te1·ah1rr on t he snb j rd i ~ g-iw n h~ Jho<l _\ ( l !JT± ) in t hr ..Jnn unl 
H e-r ie1c of lJiuclt e iJiist ty . 'l' he IJOII·er in <lP:-.: i n i ltr par:1hol i<: rel:J tion 
shij1 behl·een .-md:1ce :n ea an cl ' '" righ t i s-~ :i (·cm d in p: to :Jirrh, ,,- ho~<' 
Y::due i .~ mo~t frequentl y 8tlopte<1. B rod_'i·, h011·eyer, su g-gr~h: () · I () 

"IYh ich i~ ,;till 1a f lwr lm,·e1· t han the Y:due for th P prrna t:ll st:1gr Cl" · 

ShOII"ll :1 hoYe . 

• -\.lthough tl1r Jl ll lll her of foe tu ses fm· '' hicl1 thta <·oucrrn ing· l;oth 
" ·eig-ht ancl .~ki n a rea (' :-.: ist i :-: oni1· tPn , ihe Yct lu r for tlw ind Px i,; 
g in•n h~- tlH~ prec;e nt 1ndhod of <· :1 l cul:d io11 a s O· i"iS ± O·Ol0-:1-. T hi ,; 
Y:11ue lll :1y t hc•refor r no t hr c·:-.:pedt•d for 1 per <'<' Ji t. pmhahi lity lro n1 
an :1 d ua l nlue 11·hich l ies oubi d t• thl' li mit,; O·Fl a 1Hl O·S I. It i,.; , 
h o11-e 1· r r , .-; uggrsted t-lwt t hi~ Y:du<' HW\. Y<l l'.\' ho JJJ hJ·c•p.J io ln·rr<l :md 
e i-P JJ cli HN :-: l igh t]_\· f01 · cl ifte rt>n t floc·ks of i hP s:II IJP hn•c•cl. 

. \.n ot hrr poin t fo r con,; i<l PJ':il ion 11·a .-< t he rd at ion:<h i p l~Pt ,,·0 e11 
-~cnfn ce :nr :1 :m d ( ' .B. lengt h and t hl' rel:d ion .-< hi11 lJl'hH'('li ~udn<·e 
an-• :1 a lll l bo th \w ig-h t :11ul ( '. H . length. Si nn· . ltoll e i·Pr, sudn r-P 
nrra \\':1 ' morP a <·t· lir:l tr l.\- e :-.: p n'~~ -~l'd in trn11s of l1ncly ,,·eigh t t-l i<lll i11 
ten11 ,; of C.H. leJi g th , :1n d f udh PI'III On' silJ(·p t h e r em:1ining- ,-~ni:mce 
in , uda l'e :n P:I " ·11 il'h ,,-:l s 11 0t e:;:pressetl in t Prm;; of horh· IYl' ig·h t "-a ~ 
of the s:1me onler ns th e nt·t·nrn(·\· of obsr n·at iml, th r i ]l( ·h[;;io n of 
C. ll. l e ng th in t he prl',en t <· nsr scorYrs no 11seh1l pcn pnse . 

Scii .ILUn·. 

The i ncr Pn ,;e in surbce :n·e:< of th r :Jie r ino foetn' is <li ,;cussed . 

The r e l:d ion .-; h ip hrhYPP 11 .~11rfac·e <HP:I a 11 r1 bo<l.1· 11·eighL as 
esti m atecl hom t hr pn•, ent ser irs of foetu .~es i .~ ex pres.~rcl bY t lw 
ecp 1 :1 tion a = :) -:)20 u·0 

· '". 

SeYl'ra l l'kl r t ,; are gi n m i n ill11Str:dr t h<' fe:dures ,]e:-;n ihetl. 

.\.Cl\ .\0" ·1,EDG'I E:\T. 

\ V co wi :lh t o t1J ;IJJk :Jiess1·s . C. U. \Yal ];pr an d }'. D . JTon1·ell for 
th ei r as:-; istan i'P ::1 1111 in t r rr ,;t in tl1 r oh:-;PJ'Y:lt iou .-<. 

BHODY. ~ - ( UJ:l,!) . l\ u t r it ion . Arti c le> in . l nn uu/ H n ie Jt· of J! iotlrel!lisfry. 
Y ol . 3 . 1-:) t a n fo rd l' n i,·er s it_,. Pn•ss . C'a l ifomia . 

cr ll sox . H. 1-f. ' A :'>i ll l\L\ L A:\ . A . p ' (l(J:l.i ) . '1' 110 Ch ;lllgi ng 1:' roport ion s ol 
t he :H erino La m h from t l1<• S eco nd to t l1 e F ifth l\lont l1 n l Pn•nabl L ife . 
O ndenf r J,uorf .fournu/ (J j l ·,,t _ S r . ontl . l n iu111l. } n d u.<fry . Y ol . -L S o. :2 . 

H .-\ l\fl\10 .\'D. J . (Un2) . (.' rrncff, u nd tltr J>n ·rlop111P11 f uf J l uffon f,J unlilies ·i n 
the S lt er' ]J . O li,·er a n d Boy d . J.onclon . 

LJl\l~S . 1•:. \V ., AN D P IE R CE , A.\\". (19:31) . The Basa l (Standard) :\[etahol i sm 
of tl 1e >-\u s tral ia n :\J e r ino S heep. R ut/. -55 . ( 'oun cil for S ci,·n tifir und 
l nr!u.,triu l B e-H' /1/ 'Ch . Comrnom nealt h of ~\ ustr al ia. 

::'\EEDH.-\ l\I. J . (1931) . C'hPnl icol R mlJI'IJUIOrtl/ . 3 Yols . Cambr id ge rniYer s it,
l'ress. 

---- ------- - - - -- --
*See Sect ion "He at-pr od uct io n nf :\la mrn a lian Embr,,·os " , p. 71:2 , Vol. lL 

S eed ham. 
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ADDEXDUl\I. 

In a rlcli hon to the o bsena tions presented and discu ssed in the 
preceding' article the following i nformation is nmY anilable : -

T ABLE . 

(a) 
Age of ("") ( 1) Surface area (sq. em.). 

.Foetus of E\\' C . F oetus \\"eigh t C.H. length 
(days). ln gm . (em. ). 

Observed. I l~xpeetecl . 

44803 .... . . .. . ... 3:3 J. 25 2 ·4 4·4 4 ·6 
44849 ..... . . . .... 60 44 ·5 10 ·5 79 71 
15337 .. ... . . . . ... 90 ;i30 24 451 4/2 
3582l. ... . . . . .. .. 1:.!1 2l70 :{6 1353 t:{87 
44307 ... . . . . . . . .. 146 3300 37 Hl30 1911 

The da ta g1Yen in the aboYe table should be compared with 
'raule I in the text . (The straight C.ll . length is included me1·el.Y 
for t he su ke of completeness .) 

Th e " expected " values for the su rface area in the last column 
of the abo....-e h1ble are calculated hom the follmYing equations. 

?J = 0 ·I ()6.1" + 1 · 358 (:r = 1 · 30 7 y - 1 · 7 71), 

\rhere .l} = log. (surface area), 
and .c = loge (hocly 'nigh t ) . 

'rhese equat ions a1·e obtained by fitting straight lines to the data 
in the th ird mHl 5th columns. 

\Vhen these equations a re transformed to units of actual obser
vation the following para holic equations are obtained : -

rz = ;1·889 1c 0 .m (u· -0· 170 a 1 · 3 o;) . 

wh er e fl = .swfo ce oren in sq. e m . 

1c = [,ody wei.l)ht in gm. 

The agreement bebnen t he obsen ecl and expected ....-alues is 
obvious . 

The numerical coefficients in the aboYe equat ions are by n o 
means signifi cantly different from t hose given in the text. Therefore, 
in ordel' to obtain more reli able estimates of th ese coefficients all t he 
r elevant (lata giYen in both Table I (already referred to) an d th e 
above ta hle were ta ken together. The resulting parabolic equ ations 
are : -
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