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Ilfl'RODU«n'IOI 

All inherited type ot dwarfis has become frequent enough in 

beaf cattl to cause breeders uch concern., o! these dw rta die 
at birth and those that do live have a poor lile expectancy. Most of 
the11 dwari'a ar vary auaceptibl to bloat and man,y ol thell develop a 
'bt' athing ditficulty leading to the common name ot ·nsnorter" dwarf. 

Even at ao-,.call d maturit1, they do not approach a market 
weight or finiab. 

!his snorter type ot dlrar! iP 1& found in at least t110 of the 

jor beet bNeds. data are available with respect to the oTer-all 

frequency- of this type dwarliD in two breeds. HoweTer, lill1ted 

reports indicate this conc.i tio baa bQoome a aerioua economic probl 

in many- herds. Pl-o bly the great.eat loH to the purebred breeder 1 

the reput.tion damage caused by occurrence or dnrfi 1n bis herd. 

Tb enorter type ot cbrarfi eems to be conditioned by a si.JQple 

recessive autosomal gene. tt this is true, cattle are ot three kinda 

as tar aa this condition i conoerned.1 non-carrier (normal pheno-

typioally and genotypi~ homoZ7gous for the dominant normal all le 
of the dwarf' gene), cam r (n~ phenotypically and genotypicall,y 
heteroqgoua tor the dwarf gene) and d:wart (dirart phenotypicall¥ nd 

genotypically homosygous for the recese1ve dwarf gene) .. Being a iJllple 
race si'fe, this gene tor dl'fart'1• can be pasaed on by normal appearing 

...___ 
cattle. Jor exuaple, a herd of grade Hereford cows at the 
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of Tennessee were 1111.ted to two Hereford bull that were (unknown at the 

ti.lie but later proTed to be) lletorosygoua tor dllrarfi•. Thia COlr 

erd waa apJ)U'entl.7 predo:m1nantq clean (non-carrier), no dwarta 

occurred tro these matings. All thirteen 1ters troa theae 

Mtingl were •ted to a ot on ot the prertoua bulls Tlli• 

bull also proTed to be terosygoua. Three dnrta, approximate]¥ 

twenty-three per cent of the otf apring, resulted troa tbeN 

Althoug)l per ceat higher tbaia would be expected troa unaelected 

eecond generation haifere (actuallJ' twelve and one-halt per cent of the 

would be upected to be pron.ding the· dama of the 

aeitera were 1 t doea illustrate bow rap1dl7 the fre-

quency ol this type ol dnrtia can unknowingq be increased 1n two 

generations. 

Since dwarta do not o back into the breeding herd, the incidence 

of this dnrlin condl tion would be rat er low i n maelected popula-

tion ot nor.uJ. cattle. For example, it fort.y per cent of the bulla mated 

every generation to unselected heifers were the occurrence ot 
dnrf's would leTel oft Q'Ound three r cent of the total ottapring. U 

a carrier bull were uaed every generation o unselected heifers, the 

occurrence ot dwarfs would leTel off around foUI-teea and one-h&lt per 

cent. A max1aulll of twent:,-fi Te per cent dwarf• would be expected it the 

bull and all the mated to him were carriers. Due to chance the 

aotual occurrence of dlrarta Jlight den.ate o-eatq fro• expectation• in 

particular herds in &OM yeara. 
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Purpose 

The appa:-ant increase in tr uen of tbia t1P9 of dwarfism eug-

geata that normal animals heterosygoua for this hereditar, cbaraeteriatic 

ue favored in the aelection of breeding stock. The oharacterietica 

leading to this poaaibl.9 selective advantage are not known. Recen\ ea-

pbaaia in re,earch on the problea baa been diNcted toward t1nd.1ng soma 

..ans ot dietinguiahing normal homozygous (non-carrier) froll. nonal 

heteroqgou.a (carrier) cattle. In cooperation 111th Iowa State College, 

atudiea of x-ra:r picture, of the lumbar Terte~ae of young calTea nre 

made at~ Uni.Yerait:, of Tanneaaee 1n u ettort to Jlake this diatiac-

tion. Aaeuaing the X-ray was correct 1n cliatinguiahing carrier froa 

aon-carrier ca.lvee, bod1" maa.avements were JD&de of the calves X-i-a,-4 

in effort to make a e:l.ndl•r and cheaper distinction. The purpose ot 

this paper 1a to present a partial analysis. ot the data coll•~ in 

Tennessee during 19.$4 1n connection with this atwt,. 

Revi• of Literature 

v ral di.tferent heraclitary types ot dnrf'i have been reported 

111 beet cat,tle. Lua (19.30) reported on ha:reditar;r short-le edn••• 
found in etord oattl in T • His r port indicated this hort,.. 

l ggedne was th re1ult ol a ingle d.ommint ·ene inherited in simple 

er. Short-leggednes was t~ only phenotyphic charact 

tic that di tinguished the e cattle troa noraa.l Herefo_rd cattle. 

$ton&ker et al. (1944) described an inherited type ot cOllp&Ctneaa --
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1n Short orn cattle. EJttr9119 compact.Qeas of the bod_y- and abortne• ot 
the long bones were characteristic of this conditiaa. Later data pre-

aented. by StQllaker (1954) indicated that a •:l•Uar condition 1n H ford 

cattle (oomonq referred to a.a "conpreat" Herefords) was due to 

oomplete]J' dominant gene. Homosygote• were an xtreme type ot dlfarf. 

Reaulta ot work reportAd by Olubere et al. (19$4) indicated either 
. --

. that the genea re•ponsible for dwarfim 1n "COD1preat" Heretorda and the 

o producing the eorter aut 1n re!ord and ADgua cattle are allele• 

or that an;y ot the "oompre1t" cattle 1n thi test also c rried the re-

ceHift snorter dlrart gene tound in non-compreet cattle. 

Stuap7, a reoeaaiYa achOlldropl.a•ia in Sbortllorn cattle,•• 

reported bl' Baker !! !!• (1950). A curly hair coat, emall switch, 

ed tront l•1• and 1.Jlabilit7 to put o ·r1n1:s wel'e characteristic of 

this condition. An.other aorpbological type of c:br rti m apparently- coa-

di tioned by" a simple rece•si v gene wa . reported in Angus oattl by 

er et al. (1954). Up to about three aontha ot age this type ot dwarf --
U11J&ll,y- exhibited exceptionall;r compact, low--aet thick bodies, with abort, 

wic:t. head,. Honver, this type dwarf usu&lly did not gain and. !attn 

no~ d attar a t• 11011tha did not 1how t 11&1118 tbiclmeae and de-

gree of finish ae they bad at an earlier ag • The head also appeare4 

nlatively" longer and. raarrower than at an earlier age. 

El.inga (19S3) aentiona th re may be six or more nee causing 

caarfiaa among the thrM jor et breeds. According to Luo and Basel 

(1954) aost or theae gen•• are rare that th8,1 h&-.. l1ttl• eoo c 

importance. However, Luah empbaabe( t,hat ane particular tn>• of 



inherited dlrarfi orter) ha boco freq nt no 
i beef cattle to cause an econo c probl • 

Thi inherited type of dnrfi mwas fir t de cribed by Jo on 

!!• (1950). H . reported t condition to be inherited a 

factor! la too 1 r eeasiTe in Hereford cattle. Sjmilar obs atio 
in H retord cattl w r reported by" Gregory t al. (1951), C&rroll et al • ....____ ___,.-, 

Ltndl yet al. (19Sl). Later re ort on toat ting b;r --
nd Ba:z l (19$4) wer in agre nt 

nth earli ob ervationa on the type ot inheriT.RJ'llR• 

gocy et al. (19$3) .ntioned t t thi tne ot clwarfi ie --
reaent in Angus d Shorthorn cattle. Howe r, no details were i-,: n. 

Cro bred dwarf fro Hereford- us ting1 t th University of 
Tenn e (19S4) gaTe evidenc that tbi dnr!i 

g ne in both br dB. 

a conditioned b7 

In ral, t following bn rmalitiea were r ported a charac-
teristic of the nortU' type of arfi at birth: under8hot lower jaw, 
comparatively hort, broad h d, protrwsion ot t eye and tongue, 
ppar t cular wealcne s, incoord.inat d locomotion, faulty quillbrium, 

roport1on te;cy- ort forecanno , and a time knuckling paBterna. 

Tee cban.cteristica were variable ind gree and di not lway persist 
for an extended period of time. oft s dnrta died oo ter 
birt and tboue 

ceptible to bloat. 

t did li v to turi ty were report d to b very ua-

Other charaoteriatic of the snorter dwarf that 'J»Jl:Y' or not 
have been at birth, but t ual]¥ de'Yel.oped duri t three 



ont following birth werec ked Jlici ... forelwad proJl1nen , bloc}(y 

appearance, torcec r piration, low weight for ag , inclination to 

blot, nd laak of thr1ftine • According to Pahnish t al. (1954) --
these conditions, alo with incoordinated locomotion, protrll81on ot 
t l er jaw, and proportiona short tore-cannons 

throughout lite . H ver, ha report · that bot axe atte. d 

a;bility to fat 

Luah 

after two y of ag . 

tar as t snort r type 

stated that cattle ar of hrea lcinda aa 

gttn is concarnech onaal, carri r 

arta. Lush liote · aix theoretically po ible tinge an gaTe the 

expected genotypio phenotypic ratios ot e c J1ating . ince t 

ci nc of type ot dwarfism has beco rather trequ nt in DlaD1' 

lines her or · cattl , sugg a d th posdbill ty that 

nimal.a which are . o l but carrier of the g DI might b t vored in 

the o! bri stock. ru. ugs eti 1 1 · agreelll8nt 1':1.tlt 

t ee by 4'&l"lier 1nveatigaton. However, JlO :ta ve b pub-

li h d confirming this uggeation. 

Lw,h Hazel (195k) discussed nd g ve the JJ.mit tiona ot 

6 

s by trhich this dnar.tism might b controll or lird.JlatM 

in ef' herdo. The tollowing is a list of t oee meth et 

• t hoi. 

1. Clean-up by digree .. 

2. Clean--up by progeey ts t • 

.). Olean-up 'bJ' d1a04l'ding cloee relat.i ves of dnrla. 

4. elean- up b7 reeognising camer•• 

inT siag tor Ye been dir .ct tonr the latter 
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Lush !!.· (1952) and Gre or., 2_ !!· (1952) r par t un-

cc s.rul att ts to disti via l inspection normal (non-

tro 
gen. A more obj cti~ etho for 1ng thi distinction a report.a 

b;y Or ory !_! !!,• (19.52). ief~, this dietination s ba 0 

& tist.ica.l lysi of h profile 

U a fil ~er. Or go-q et • (1954) r porte thia --
metho to highly accurate. Howev r, other t ts of th:l 

port by (1954) and Stonaker t al. (19$4) d t, coa-- -
firm Oregor.r• hi es 

Lus foreb d, -ra7 

p etu.r s, 

d Haz l (1954) ll te bulgi sa of 

d t t , honoone activity and 

clue th tare xiow bein testecl 

r1 r tr car ier a 

' t ies r 

riman ally in an ff ort to par te 

p ictu.r s of the lumbar vortebrae of 

yo v • and boq aa UN n wer initi&t d at Iowa St t College 

trort t JUk this · atin ti1m. Th Univer 1 :y of T nnes o , 

oap r .tio wi IC1Wa St t Colleg , has participate 11\ th s t11.dias . 

ntal Proce ure 

J3o& 
Bod;r aeasurements were or the 1954 progeny of three afori 

bull• that bu airu anrf calve • Ta progeny ot bulls I and II were 

out of a purebred hera ot horned Hereford cows. Thia herd baa. been ru-

aOJIJ.y di Tided into two breading hercu and •tecl to bull.a I and II, 
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resp ct1 v ly. The progeny of bull III r out of a cow rd de up 

ot pur bre and ra horned Herefords. These cmr ere purchas .traa 

a different b er, but fro general ar a wer macy of the 

cos ted to b ls I and I I. Ap ntly th se cow her er pr 

( rt-tr e) Binco no arfs occurred tro thes 

tinge, 

T 1 · I li s t body m aur•TIIAnT.,. en and 1T t, t • ref rence 

point from yhich a.ch ~l.SUl'elllle All of ths body 

a :time r. 

e to e ne.are t t nt of c n.t · -

at o,ne-•1illrenti th ot 

ur nt er _"de with c 11 r 

gra ua to tenths of 

Th ci.rcwnr :rence ~nts re with 

al gr eluate to then ar st t nth ot a c t meter • .l 

U tal lip r, o which the nt1eth of one centi.Jllet r 

could b te , n ur nta. 

otr 1on or th lovr jaw n eatimate by- putting the tip· ot 
t et umb ag inst t outer eurtace ot the upp p 4 and the 

t pressi t inai or th thumb against the l ! 

distance t t ti t th th to . teeth imprint na •tiutM 

to t nearest balt ot one c t ight yas record to the 

•• po • ot t the time ot ea aur nt include4l 

ecol'e to,: type, condition d sex ct.Tel t. 
All the calTea aaured at birth or w1 thin a t• daya aft.I-

birth. A a dule •setup to Jll8Uure t calves eTeey 28 8 be-

ginning before the oluat calt reacbec.l one 110nth of age. Thi• scbeaule 



TABLE I 

LIST OF BODl MEASUREMENTS A)ll) REFERENCE FODTS or IIEASOREMElff 

l. Wither height 

2. Cheat depth 

S. Rump lengt,h 

6. Coupling length 

7. Width eboulder 

8. Width tor.rib 

9 • Width loin 

10. Width hooka 

U. Width pina 

12,. Depth twilt 

13. Head length 

14. llllsw len,th 

lS. Head width 

16. Jfusale width 

Along line perpendicular to ground 
just posterior to elbow joint. 
C&lipera. 

On aame line aa height measurement. 
C&llpers. 

On aame line u height measurement. 
Br subtraction, l - 2. 

Antenor edge ot shoulder point to 
poaterior edge of pin bone. Cali-
pers. 

Anterior edge ot book bona to 
posterior •dae ot pin bone. Calipers. 
Anterior edge of hook bone to 
posterior edge ot last rib. Caliper,. 

Widest point in aboulders. Calipers .. 

ideet. point 1n depreallion behind 
shoulders. 

Midw :y 1n coupling. C&lipera. 

Calipers. 

Calipers. 

Top ot l"Ullp to twist. Callpera. 

Top of poll to ausle. Cal.ipera. 

Level top ol e,e• to mussl.e. Qallpers. 

Widaat part ot head. jut above eyes. 
QtJJ.pers. 

lfidaat pan ot ausllle. Calipers. 
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TABLE I 

LIST OF :OODY »EASURbEN'l'S 11D BEFmlNCE POINTS or IIBASURBmr.r 
( <X>ff IIUBD) 

17. Teeth (it undarahot) 

18. lsngth oannon bom 
(Mtacarpua) 

19. Length of fonarm (ulna) 

20. LeQgth ot U{>per an. 
(humeroua) 

21. 1,ength •tatarua 

22. Length tibia 

2). lengt.h att.ne to pina 

24. Circumference cannon bone 

2s. Ciroumtennoe Heart 

26. C1rc.terence paunch 

27. Cirelaference rear flank 

28. Bound measurement 

29. Tail length 

)). Skin thiclmeaa 

Distance, teeth to pad w1th •uth 
abut. Ruler. 

posterior 1urtace ot 1':tont leg, 
ac aa0r7 carpal bone to top or dn-
olaw. Caliper a. 

On posterior aurta of tront leg, 
acceaso17 carpal bone to "elbow" 
(olecranon). Galipera. 

Anterior edge or •boulder point to 
poaterior point ot •lbolr. Callpera. 

Point of bock ( tuber caloi ) to top 
dnolaw. C&lipera. 

Point of hook to anterior edge ot 
st,itle joint (patella). Calipers. 

Anterioi- edge ot atitle to posterior 
edge ot pill bone. Calipers. 

At small.eat point. tape. 

At narronat point jut beMnd 
ahouldera. Tape. 

At largest point ot barnl. Tape. 

Just anterior to hook1. !ape. 

Pat.ell& to patella. Tape. 

Attacbaent to end or tail propei- ( do 
not include nitch). Tape. 

Double thi.ckneea of akin O'f'8I" midrib 
baltw.y down aida. Small caliper. 
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LIST OF BODl MEASUREmrrs AND C FOI s OF JW~ UllEUJWJ: 

)1. Type score 

~. Condition score 

)). Sex dnelopme.ut acore, 

(OOiffilfTJED) 

Medium• 7. Good• 10. Choic • 13. 
Fanq • 16. 

,fpmnereial • 7 • Oood • · 10. 
Choice • 1). Pr1ma • 16. 
I 

A aubject.ive ffal.uation ot apparent 
maacul1nit,' or t•.,n1n\t7 u tbaae 
terms are ordinaril3' uaed bf 3uda••• 
To be eapec1allJ ampbaaised 11' caa• 
ot bull.a. Soon u 1, 2, 3, 4, or S 
with l repreHllting tvPothetical aver-
age, development for age; S exceptional 
and l poor. 



was tollowed, exc pt in a r 
erminate just prior to ,,.. a.ni . 

calving perio 

12 

. • , until the m sur nt ex-• 

the last of J U&l7 thro 

middle 0£ y. Th calv s rang d 1.u e fro nine to s htly leas t 

ix onth ,r ted th latt part of 

October. 

or e'i: nt, the cal. e.s wer l ter d an al.lo: ed to s 

a nearly tural po itio s a possibl • This 1r I not • 
r, o t calves ell ch tim they 

aaur · 

of th birth sur er tak by a her 

C ori te on t prop r ref aren o1nt ot ch 

this training p riod the r peat bility for a particular u 

checked by each technician, also the ta'bi ty betlf t chnicia.na 

sch eke. Th echck e tv obs " tion an o to etati•-

tic1 were run to confirm them. FX'Om obse · t io , 

pth o! twist• coupling length and ld.ith of ins, were ao variable . 

llll"l-..,n·t• were taken lJ3' Dr. E., ,1. anriok, r gional co-
..,. .. Ll. .. -tor of Project S-10 " e£ catt.le Breecli.Dg" tor the Southera 1-gion., 

tr. H • .J. 811:ltlt.., A• ociate ~•aaor ot Animal Husbandry at tbe 
Uniwraity ot ..... 
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After thia initial orientation periocl aeaauruienta were not 

repeate unl s t ey were obY.i.oualy out of line with prenous onea 

tak n. s was due to the large n1Dllbir of meaaured an to 

l1mi t · vailable• for tak1n t aaaa:urement • 

I-Raz: Procedure 

In addition to the bod,y measure.men , X-ra1 picture if the 11.Illlbar 

Yertebrae ot each calf were , ua · thin two weeka after birth. 

The exposure a wer ma with 

up and ~ty ldlo-wlt oapa~U,;y. e 

their ai«a. A dark cloth a.roun 

1ng thea down. Two or mor• expoaurea w 

on a tila. Tlw time of ea 

chine w1 th a fifty a1111-

B e tied nd pl.a 011 

fectiT 1n quiet.-

d OJ.. the lumbar vertebra. 

,7.i th the calf t e loin 

width and the ld.lo-wltag used. It us · r nged fro one to three 

and one-.balt seconaa. Altho 'Wlt or t ime is 00111Par,ati Ye4 
.long, nrp:viaingq f• 1'U.. were r'l.lined u.o to ovi ent ot the calt. 

The- llill.1...uperag waa uaual..q t at forty, while t ~o-

voltage ftl'ie4l fl'ca •• stance of thirt.7 inch.ea 

betne th X-rq tube and t • 

U8 , 

~• at which a readable upoaure coul be 

to the increasing amount of auacular t1 s 

:hn.ua oalt 

n. Thi was u pri.Jlar1q 

11l't'ounding the vertebrae. 

Also, sldng etf'ect waa produced b.r ome internal organ or org •• 

rua t ct, ong with the l tis$1le, g•v t bone out-

UM a hazy- appearance. Limte st~•• indicate tbia 11Uk• 

effect wu wt to ruaen Wt liver on t right iu 



ot the ••rtebrae. 'the • iY&rity of thia effect was Ta.riabl between 

calve , but incre wit · age an 81 ze of the calt. In recent work, 

t a di ti.on of a cone, gr d and tha w, of tast tila cut the time of 

expoeure down conai era and 1ncrea ed the quality of expo ur JWle 

on larger calYes .. Teclmictuaa are still being atudiecl in an effort to 
r dable exposure, of cal v s over two eks of a •• 

At the time t ae expoaurea w. e 1 t ••• not known if the 

14 

Btructur o.t t. bone at t po1nta of dU'fel"Qt1atiOA changed with age. 

In ter work not reported 1n this aia, rea ble pictures or calve, 

t w k]J' 1nten-ala up to a e, show ell ht but rob& 17 

real, chang a at the ot ditt enUation. Hotrever, i c.al.v: 1 I-

ray to te, NCOYeey by o aoatb of age baa not be great• Q 

to change the original ola 1.tication i UV" oaae. 

Tu X-ra;r expo ur • were classi :i on the •i• 

taught t pr1noiplea ot thia Mt by • a l. 

tire]¥ Q 

tu v ntJ'al boq outline o t . l bar 

2 J. Jl. Or1f.t1th, A8a1s t An1na} Hu.at>&Dt•~ o:£ t e var i'ty ot 
TenneaaN. 



consideration. Howewr, they ha little effect on the tinal 

fication. 

Ir t T tral outline of the l ar Ye.rtebrae gave a 

15 

0th, ourve line appearanc with no irregular protruaiona, an:lwl 

e clusif'i a O (cl 1 or o :-earr1 - e F ure 1). Tb.• 

T«tntral vertebrae outline of an aa:l.El. claaeitied u a B (carrier) ahand. 

11 t a like proj ction or 1rNgu1ar protru.iona (H• Figur• 2). Tlw 
eneral oulline or the B type vertebr e, except tor the rotruaion•1 ap,-

ar more straight 11n•d than those of e C t,pe. HonTer, thi• wa1 

variabl - ilao, o! the B type v rt brae how• deMi ty line a which 

mi ht be iruli tio ot so• imrard force or pressure._ Except in•-
t oases only' two or three of th six lUJlbar v rtebrae ahow t •• 

acteristica. Th• ruaaining wrtebra• were normal. The B type 

las ification ••• d1rtclN into nven aub-clivi 10119, 82· through Be~ 
pending on tJta nuaber of vertebra that ppearecl abnormal and tu 

n ber and ai•• o tbe protruaiona. The Tertebrae of the 82 an:lwl1 
approach• that ot the C ,ype anillala. Th• bNak between the 0 Ba 
types ex:poaurea wu aot very clear cut-, in'1oat1ng overlap be\n 

t two. 

The A, or aart, Yert.ebn.e appeared proportionately short 1a .._ 

parieon wi a C or B typ• v rtebr e. A very pronounced. double protru-

•ion wa c ctwi1t1c ot the A type Timtral bocv' outline ot all •ix 

lWlbar vertebrae (•N Figure 3). T poaterior an anterior epi~ai• 

or Yerte rae 'boq ot mrarf1 were llOr• enlope4 than. tho•• ot tu B 

O type l'ft • A, . c:onai able tr of dwart1 wer X-raye and 

their picture e rather ••111' 411tinguie troa those of tbe moat 
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utr ... B type pioturea, ind.icating a clean break between the•• two 

claaait1cat1ona. 

Alliaal• with non-readable X•ra;r wel'e claasifi d: aa 

que1t10 ble. lion-rMAiable were ue primarily tot rge 

e1z• or t • calv • at the tillle the .xpoeur • were of 

two erY0ua calve• were ruin clue to aovemant. 

calve• whose X-ray expoaurea were quaatio blew not ino 

sis. T s nts ot tour other B type lve 1 & 

th.Ne t..i•a, sir bf' bull I were not iacl in the anal.yai of 

body aeuraLents,. Oil8 C&l.t an t o rt • 

to other tat1on ahortly after birth. 'i'wo other lTe , B t 

111.l& an a C tn,e t...i., a1 bJ' bull II ffN , t inol in 

analy•1•• Tm grOll'tA of the fOl"Ml' •• conaiMNCi: ab.u.a--.-.. ein it 

wa out of poor •UJdng aow anti •1gbae. only' two un • 

pounds a\ weaning. The lf.tter wu transferred: to anot a tion. 

'fhe our• w re first ol& ailie by the indepen ntly. 

17 

Their cl sification.1 wer then compare and those ot in ~1· 11.t ere 

recheck d a tln&l ola i£icat1oo was collecti~ • 



QIAPl'ER II 

RISULTS A.HD DISCUSSIOI 

Tabl II ives the progen,- ot each bull by au and X-ray claasi-

fication. .Since the calves were all pro eny or bull which bad ired 

drra.r!s d ince the cow er s 

arf'i 

et ught to be tree or the ne for 

illO- tactori recess1v · a.:, th ode or 
inheritance leads to the expectation that., on th ver , hal1' the 

ve sboul be carrier and halt non-c:arri rs. 

bility for derlatio of -r rat.ioa frQll expec 

T ble II. 

Chi uar an« proba-

tio are giTen i 

Te ratio of carrier to n-carrier 1n th progeny ot bull II 

devi te so hat tro the . eet d tio; owever, thia nation was 

,rl.thin the l t or chance, with prqbab1Uty between twenty an 

thirt7 p c nt. Th rati • of the other o bull wer p rorl ttel;y 

t _e e e s th expe.cted ra.tios. 

In or er to et o tial informa.t1o o growth tea amt 

di.f!ere tween calv s with C and :8 type X-rqe, a preliminary 

udy was ma.de of six asure ts . The six asuremente used were 

foun to be some of th ore discrimin t1 g on s in arlier work at Iowa 

Stat College. These asur · ent , incl di ight, loil'l width, d. 

leng , cannon lengt , nd boey- lengt , ......... ize by- x-ra cla ai-

!icatio and sax. Thi a incl m1P111111Ant11 fro.a birth to •ix 

e at nthly interval • The eure11ent e anrelt a 

given aont of age were u eureaent tor that age reepeoti veq. 
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TABLE II 

x..zu.r OLASSIFICUIDI or ClLVES BJ SIRES 

1Total t x-r!t cla.aaitioation a Ch1H' 
Sin :No. ot1 Dnrte 'earners• on- 2Question-:SQ.uan' Probabillt7 :calvesa a acarrieraa able• : s 

I • I : 22 s 0 10 9 l 0.052 .60 < P ( .9() 
I 

II : 22 I 0 7 12 3 l.)l.6 .20 < p <-30 • I 
III: 17 i 0 1 8 2 o.o67 . 10 < P ( .80 

I I 
: I 

Total i 61. I 0 24 29 8 .472 -~ < p ( .50 
* a 

-X-rq picture• not. readable. The•• calTes omitted tro11 
square oaloulat1ona. 

"An expected titty-titty- ratio ot oarriera to wa1 
aSUlllld. 

- ---------- ------~ 
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Tllie •'tlal1&17 1• giftll 1.11 Table V ot the appendix. 

The a-..raa•• of•• aeaauremen\ at any giwn age up to a1x 

nre greater !or the C type than that ot the B type an1vle, --
cept in a f• 1 tan SW t the • 

in bo 

ll a-v i a 

lo naa p to 

( o! hi 

t nt ' ,ri t e pti 

ix ont of r ysis 

powth urTiline&r u t . t1-thr e ya o ag • 

T led oft r • linear to 

•• 
or tin, i a cl t • ect a.n 

t 0 1 putt l 

t a stai 

batabl.8, fr the ca.lv are 1nfluen 

.., 

• or 

0 t 

Ev 

0 

lJ1 

li 1r rk 

. vea 

cati 

teCll . . . 

hi true 

! ag a• 
ur t 

ii,-

i 

1x tu 

i at • ca 

How-

e ario 

• 
ticular 

u 
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PiaUN 4 1nd1 t.- the were lillNl", or naarq BO, up 

to six aontha ot apJ therelore, ot a atanciar aa• would Hea 

arbi vary up to th!• age. O ern.tioa ot the a'ferqe meaeUNMJ1t .U-

terence• betwec C t1})9 an type calve• 1ndicatea t.hat in ceneral 
taeN utt•enc.. inonaH •lJ.&b.'bly w1 a.a•. A atandaM a&e of five 

aoathll waa I i.cte• beoauae 11011e of the 10unce•t calve• were 8light]¥ 

l••• t au .»ntba of ac• when aa•ureme ta were tenninatN.J 

thei'efon, !ift wa1 the laat ac• at wh1ch a 11Nauremut ot 
t cal:n• ooul.4 'be 'bracu • 

Beq meannmenta ol\ldini ni1)rt., wither heipt, loiD lii•ta, 
it.na\b, heu n . aui1U11 lenat)l, cunoaa oircNllterenoe, tibia 

J.enata, .utle to p1u lellita, p&\lllcsh c1rcuaterenQe, round. me&8UNM11t, 

Mil l.en&\ll, llhoul.der wUt. , uul botl.f lenath were atanMNiae4' to live 

:tQ ot ap br aftl'a&ini the ... nremanta taken naareat tour, !iTe anti 

six acantha of •••· 1'7Pt •oore• were al auauriua by tlu• 1118th • Ia 
a f• where meaaw:-.ment, were not taken near ti ve montha ot ac• aa 

&Tera&• of the tour aontba aea'1Jl"8Dlenta waa UN,. The &Teftle 

bta1ne4 troa tlaia •thotl waa a ro'Ulh om. lfowewr, the amount of human 
err.- •oom'MNMI 1a taking the meaavementa waa red..uae4. Due to tm 

lar&• UOU11'\ ot aata, a re Mtb.od wa• prohibitive tor 
them. 

The t1Te-1101lth aYera&N ot tbeH IDN8urementa were SUllll&r1aM b7' 
I-ray cl.a• U1cat1on ana ·- c ... Table VI ot the appencU.x). T Oftl"-

all a'f agea of tbia •Ullllar7 are g1Ten 1n Table III .. 

Wei&ht. waa the larpat. meaaurament ditterence between the B type 



TABIB llI 

.lYER.l~ OP IODI MEASUREIIEHTS STANllARDIZED TO FIVE )l)NTHS OF AGE AllD GBOUPED AC<X>lU>DtO 
, TO 1-Bil CIASSIFIC&TION AND SEI 

1 'W1ther=to1n 'Head 1Haad 1 Cannon1Tib1a ,sU?ii,Cannon:Pauncll1Round 'Tail ,siiouI-,BodJ'~tAv. 1••1ght.'He1ght,1dth 11.ongthlwidth :l.angth:Iangth:to p1na:Ciraa.l01ram.'i.aa. 1Lengta1 der 11.ength :type : : I f I l l &Lengt,hl l l l ltidth l 1Qrade • B~-llale• -Total: 3172& 922.S 213.4 3S2.o 180.1 200.9 379~382.5 159.1 1Je67 780.9 b.98.7 m.8 1011.2 126.0 AY. 1288.0 83.9 19.4 32.0 16!4 18.) 34.5 )4.8 14.s l33 11.0 16.J 28.2 91.9 11.s 
l 
: e !.p! - Mal.ea Total: .$289 lJ&!,8.4 )41..0 .548.9 278.2 322.s s,1~613.1 ~s2.o 2))8 12s-,.o 192.2 499.S 1615.1191.l 

Av. :)ll.l as.2 20.1 32.3 16.4 19,.0 )5.2 )6.1 U.8 1)6 73.9 la6.6 29:.4 9S.o ll.2 
t 
t B~ - Females Total: 2169 6!6.7 lS0.8 2Jt;.4 121.1 143.4 2~ 271.8 ll.O.) 1029 559.) 3$8.0 223.0 736.o 95.4 J.v. t271.0 81.2 18.8 )0.8 J5.9 17.9 33.7 )h.O 1).8 l.29 69.9 44.8 27-9 92.0 ll.9 : 
l C - Femalee 

Total: ~9 928.l 217.0 347.0 175. 7 207.2 38fi.8 153.S 1W. 792.8 517.0 312.3 1042.1128.S Av. 1289.9 84.4 19.7 31.S 16.0 18.8 34.9 ).$.0 14.0 131 12.1 47.0 28.4 94.7 11.7 : 
t Dart's - Female 

Total: 396 W-.9 29.4 s1.2 )2.1 28. 2 sa.1, 58.2 26.0 254 122.2 74.3 49.6 153.l 
Av. : 198 n.o l.4.,7 28.6 16.0 14.l 29.2 29.1 13.0 127 61.l 37.2 2k.8 76.6 . . 

: Drarta - llaJ.a 
Total: ~9 14$.9 29.4 56.ll .31~9 29.2 58.6 57.,7 27.9 2.43 128.9 83.2 52.3 157.7 Av. : 204 73.0 ¼·I 28 .. 2 16.0 14-6 29·3 28.8 14;0 122 64.4 Jil.6 26.2 78.8 N 

1 •• 

•All measurement• in centimeters except weight which is in pounds,. 



an C type calve• in bet aexee. The,a wei t ditterence1S were t 
atpiticant in ith9l: au uae of the -.vi&tion within a claaaiti-
cati • Wither 1 t. dilterencea betne the Ban O type .females 

were highly" a1pificant. There waa. no sign1fi t dil'_terenoe between 

the clus1f'1cat1ona in either ex tor loin wi(th1 cannon le h, 
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tibt& la and boq ••1,...... The aft.rage aifterencea bet.ween the other 

-..re ao ...U t t te•t of a1cnif1cance •a ...... How-
eYW, &Yer ach Jlll8&a,11•e111mt ot t: B type cal'YN wu inter-

•d.1.ate between .the re1pectiTe av 

\ype calT • • 

• meaauremnt.a t t tin.rt an c 

Jhe mal].er- &Terage meuurement.1 of the B tn,e oalw, auch aa 
, caJma1n le , anci ti b1a .. ,.,.,._ .. , are characteriatic• 

ic1l are uail'able 1a t cattle. T •llihtl3 higher aco ot 
the B type calve• uJ.4 9U1Pat that eligh ly' higher per oent ot B 

type cal"fea wouli be tawrea OTer O t,p9 calTea 1a the 1elaotion of 

breed! stock. 

For further atud.iea ot the eta, a table ot ratio• was aet by 

X-r&T claaeit1cat1cm and•• ua the five-month &Ye •• tall oalfta 

t r -.ch maa•uremant. A study- of th1 table (Table VII of th appendix) 

1naicate that moat ot the ratioa between · 1urementa of th B type 

cal••• were intertlNiate be\WMD re•pectiYe 118U\lNJIClti ratio• or tbe 

aart and C type calna. In alaoat ffery oaae th 1• . ot t ditt r-
enoea in ra\1 • between the B and C t,pe calwa waa proportioull,7 

emaller than d.ittaren • 1n one or both of the actual Thia 
YO\ll! I that moat titter cea • rel.atri to aise a that on • 



ro irt1 na 

ft Btn,e 

_is t re w a little di!f no 

'1'olll thi• rat1 table, five aurementa were selected tor 

25 

in et.roi-t to find aipiticant dil'terences be 

ntioa of theae sur 

o! the dwarf an · C t,'p calYea. Obs rvatiotl of actual 

ts int e B 

suroment 

aur nt d.it'-
!eren a between B type and C type calves d th variance of meuun-

aeurements. Prev1oua 

were al o consid red. 

in work a'ti Iowa St.te Collep 

Diaar1m!Da · tunctiona u cal-

oulate for sex uain th rive sure 

wv.1.11.at, loin width, th, cannon lenath an body la 

ett rte t.o •• if an opt; wi&ht1 ot up the 
ill the-• f 8h10 u '14 t I-.ra7e. D1 cr1millate tuuQtion• 

we ht a Dber of t. ctor• in auch a w,q that maxim dil'ter tiation 

factor. 

Table IV the results or thie ana~•i by I-r,q alu 1-

.ti tiOD and aex. Di•cr\miMnt tuncti na for t.he B an C type• ware 
aiinificant and bl1' si&nifioantly ditfer t in malea and females~ 
r • ecti Yely. Pi e , gi ve.s the frequency distributions l t ct1ona 

by x .. r type and Th waa consider bl overlap b tw the B 

C calves. However, there was a.ullU.,t QOJDplete ·eparation of the 

l 
I 
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TABLE IV 

DISClUMIIATB FUIIC'tIOI VALUES 

I I . !octr; . S 

Speciti-
: Calf I a loin s Head a Cannon t Boq ,D1acr1a-
I No. I Weight~ Width I f:':t' t:"gth I Lengtb I 1nat.e oation I _I · funct on iii . 1 Fune-
: I r.oc5 1 ::a .. 91 : -119.3 169.~ s I~.zB a tiODff 
I a 

B Type - : 7 1 32-,a 20.6 33.0 19.2 96.1 434.S Jlal•• : 11 : 390 21.4 34.7 20.0 99.4 J,oS.3 
1 28 I 280 19.4 30.9 17.) 92.3 322.4 • lS I 28) 19.1 )1.8 18.0 9S.S 379.6 
I J8 I 263 17.9 )0.6 18.0 91.) 476.l 
I 37 I 243 17.1 29.6 17.3 84.6 39).0 
I AJ69 I :J>7 20.2 33.1 18.J 96.3 276.6 
I 0482 1 322 20.2 )2.6 18.S 91.3 383.7 
I AS.34 I 222 18.7 )0.) 18.) 84.0 4SS.9 
l 4547 I 2.37 19.1 32.0 18.0 84.4 204.S 
I ASWI I ,: l~.7 j~i:3 18.0 90.0 108.1 
1 Totala 21.4 200.9 ioii.2 )840. 
1 Av. I 288.0 19.!i ~-0 18.) ,21.2 l~-~ 
f I 

C Type ... I lS I 342 2).1 33.3 20.1 97.6 S49.l 
Males I 26 I 313 19 • .3 32.7 18.8 9S.2 l,01.9 

I 27, 27S 18.2 )1.2 18.) 90.9 1'47 • .3 
l 33 I 383 20.8 )4.6 19.S 102.0 37.3 • .3 
I 6 I 2S3 19.l 30.7 18.8 90.6 S8l.8 
I 9 a 29S 20.0 )2.1 16.S 9.3.4 391.9 
l 21 I 280 19.0 )1.6 19.1 92.9 SS4.9 
I 23 I 208 11.0 28.4 11.0 88.1 S3J.S 
I 24 I 262 17.8 29.6 18.9 90.8 741.6 
I J4 I 19.8 33.0 18.6 97.1 3.54.0 
I AJol I 377 22.7 34.9 19.6 100.0 )10.) 
I 04Sl I 230 17.6 30.1 18.1 85.6 i.11.6 
I .l4SS I 37S 22.s 33.S 19.S 98.7 ~-4 I OJ.aB6 I 40S 22.4 34.9 19.S 1.10.2 .9 
1.4Jal S 303 19.7 32.s 18.J 94.4 326.7 
l OS08 I 36.5 23.0 34.6 21.4 101.0 661.1 
I A.SSO I 278 19.0 )1.2 18.S 86.4 412-; • Totala 5269 JLi.o sliB.9 322.5 i6is.1 7997. 
a Av. I 3ll.l 20.1 ~-l 12.0 2~-0 J.¼70.~ 
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ABLI If 

s a aa•ur.-nta• 1 

Speciti- I 1 · · 1 ll> • Head • Cannon I odT ,D1acria-

cation I Calf I Weigh\ I 1Jidth t Laogth ' tre I I.en~ ·' inate 
: 10• : Function weigh • . • Funo-
; ' 1.00 , !.o~ a ~.62 ,. 22-~! : l•g! , tionff 
i I 

B Type • & 29 I Ja8 20.2 32.6 17.8 97.3 JJ&SS.6 
Femalea, 8 : 257 18.7 .J).l 17.4 92.2 1447.2 

• 10 1 292 20.s 30.9 18.o 93.4 lli6l,.2 
• 16 l 298 19.6 31.1 19.2 97.0 1S3l.2 
I Jl I 268 17.4 3]..0 11.1 9J.S 1468.9 
a )9 I 197 16.J 29.S 17.0 84-8 W,S.J 
s AJSJ I 322 21.0 31.9 18.S 9S.6 JJ,Bo.6 
t A481 , 207 17.l ;·l 17.8 82.2 l~.9 
a Total• U6§ 1so.a 2 • i4J.4 · 11'.o 
I A•. : 271 18.8 .!?•8 11 •. 2 ~-0 !Jel.O 
I I 

C Type • I J ' 283 20.6 31.3 18.S 9).3 1So1.s 
Pamalea : 4 ' 303 20.0 Jl.9 18.S 9S.4 1497.9 

I 17 : 277 19.2 32.S 18.9 9).8 lSS4.l 
; 30 ' 277 18.3 ,31.0 18.0 91.l 11,67.2 
' J6 : 3SS 20.3 .)J.2 19.0 101.s 1514.0 
• 1 I JlS 19.S 31.6 19.1 96.1 1$13.6 
I S I 23S 18.8 .J).l 19.0 91.6 151,8 .. o 
I 1) I 322 20.1 JJ.2 19.6 96.0 1ss1.1 
I 19 I 23S 19.1 29.6 18.l 9,).2 l.S00.6 
: 22 I 262 18.7 )0.1 18.7 89.4 1491.8 
I A,SO) I )2j 2L8 32.g ~.8 98.i 1$64.8 
s Tot.al I . jo8 21,.0 347. .2 1042. 
I Av • . I 282•2 19.z 18.8 2!1·I !z20-~ 

~aurementa standardized to ti months Qt age. 

•sum ot the ti ve nighted m.eaauruenta tor each oal.t. 

•AU mea urementa in centilleters except weight which ia in pounds. 
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Di stribution of Calves According to Their Discriminate Function~ 

FEMALES 

MALES 

100 150 200 250 JOO 

LEGEND 

l><l B Type 

C Type 

98 108 118 128 138 148 
Discriminate Function -1400 

350 400 4SO 500 550 600 650 
Discriminate Function 

158 168 

700 750 

a Sum of five weighted body measurements i ncluding loin width, head length, cannon length, body length and weight. 
I\) 
CX> 

Figure 5 
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Ban C ,ne .t~ C4lve • The tunction• t only two calve , fl'Om . 

uch I-ray appear to be out of place 1n t e r le 

claeai.ficat1 n. The B t calt the lo est t C ty . cal.t 

haul the abort. t cannon 1n t r reepecti-Ye class1t1cat1ons. Sin 

oannou 1eDc waa ••t heav11T weighted nt, t • t ot1 

t theae calve• waa Yery aft cted. 

It ould bi8 polnted ........... tunotion• were 'both d Teloped 

and teated the eame Mt of urementa. F r a tul.:cy' lid test, 

tesUna would have t be ditterent t of calves, Honv , •i&-
niticant difference betnen t mea. urtmant tunct1ons or th Band c 
type cal-Yee in both 110uld 1ndi te a relation hip be n 

e b«lr muur-.nte and X-r&7 cluaif'1cation8, As lDll1Di the X-ra7 

1, correct, in diatinau,i• cattier tt'OII non-carrier an:Jma.Ja, the 
data would in.di . te that body' urementa of the females could ueed 

with lair accuracy t ale this diatinction. Howe'Yer, the amount of 

nerlap betlnkm the· meuurement function.a ot the Band Ctn- ulee 

tbi• atu.v would l.ill1t th use or boo,- measurements in mald. th1 

dietinct1en bet.een male an1uJtt. 

The•• calvu 111U b&Ye t N po I\Y test. &nd appli t1 

of tbeee aethoda teated other animal be.fore &Dy' conclusift tat&. 

•nta can be •• 1li th reprd to T&lid.1 t,' it •thoda a a 

--• ot diet ui.ahing OU'l"'ier tro non-oarri r lvea. 



CHAPTER lII 

SUMI.All 

X.ra7 icture 1'8l'e made of the lumbar Tertebrae ot yoq ealna 

in an etto~ te diatingu1ah aniaal.1 i..t sygoua tor tb9 anorter dwarf 

ene t animals sygoua for th normal allele f the dwarf gee. 

As1um1ng the 1 .... r117 \echn1que was correct in making thi d1.tinct1on, 

boey- meaaurement were made ot th oalTea x-n,-d 1n an effort to aake 
a im11ar and cheaper d1 t1nct1on. Tlw • calTea W8l'9 the 1954 progaQT 

f thr Hereford bulls t t had. 111-ed dwarf' cal.Tits. Tlle 

the bulla we 

cowa were a 

J 

ut ot purebred and &de mad Hereford oowa. 

predom1.natel;r clean (non-oarrj.era), 81.nc• 
cc'IUT9d from the e raatinga. 

.. 
Qn the baais of r X•r&7 icturea the calves · re cla•sit1e4 

as non-carriers, carriers or dwarfa, according t a etbod used ti,. 

Dr. L. •• Basel ot Ion :te Coll ge. 1' ratio ot non-canier t 
carrier lv • a cord1 to X•ra7 ~la iti tions were ap ro 
the same a the cted ratios. 

The a1urem ts war etandardi~ed: to ti Ye ntha of age and 

aunmaJ:'i•ed by I-ray claas11'1cat1ons and sex. AT~ages of th1 SUJllll&rT 

1.nd1c ted that th 1 .. ra;r t c.,.rri s had slightly high r ty: score, 

and uch deeirable beef a shorter heads,. cann a and 

tibiae than did the I-ray type non-carrier • These da s •at that a 

higher per oent ot X-rq type carriers would be t red oftr 

non-carriers 1n the s lection of breeding etoak. 



A discriminate !unction e ppli d to five boey meaaur ta 
including weig t, loin width, bead length, cannon length and body 

len th. The !unctions gav significant ditferenc between th non-

carrier and o rrier type olassif'ioations in both sexes. These s1g-

3l 

nit1cance uggeat relationship be n I-ray cl.a ait'ication and the 

me surement analyzed. lri the exeept1 ot cal , th pa.ra-
tion ot carrier from non-carri r female accordin to sur t 
tuncti ns was identical with the eparation given b,y' I-ray cla sif1-

cat1ons. However, there wa ,considerable overlap between the measure-
ment functions and the X-ray claasitications of the male calves. 
Assuming the I-ray i correct in di tingu1ah1ng carrier from non-carrier 
anjmals, the oftrlap ot the as ent llmctiona tor the llllle cal • 
would l.1Jl1 t the wse of measurements tor a)dng thia cl18t1nction 
between male calTes. 



I 
I 
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TABLE V 

SUDARY OF BOD? MEAS~u..4u,S A'l Jl)BTilL? INTERVALS PROK BIRTH 
TO SIX Jl)ITHS OP AGE BI X-RAY OLASSIFICATIOI AHD SEX 

CaU I 
lo. l Birth l .. I mo • 

l B - lfalea 7 t ll.2a 1).2 17. • 19.8 22.0 20.0 
ll I u.s J.4.8 2s.s 18.) 20.0 22.2 22.l 28 t 12.0 14.S 16.o 11.s 19.S 19.9 19.2 
35 • 11.s 1).1 15.7 17.2 11.s 19.0 20.8 38 I 14.4 1).2 15.2 16.a 17.2 17.4 19.2 )7 I U.2 11.9 1).9 lS.8 16.4 16.6 18.4 A.Jo9 I 10.6 12.3 14.8 18.0 18.J 18.8 2).6 

01a82 I 10.6 12.8 14.S 16.7 18.6 20.s 21.s J5)4 I 10.0 1.3.3 lJ.6 14.0 18.l 18.S 19.6 .&547 t ll.J u.8 14.S 16.1 11.s 18.9 19.3 A.548 I 10.2 iM·()I, 1$.8 11.; 18.t 19.2 20.2 Total, 124.s .9 11,.s l86. 201. · 2]J.O 223.9 
AT. I ll.) 1.3.1 16.o 17.0 18.) 19. 20.4 

I e• lS l 12.2 16.S 17. • 22.6 2).6 23.2 26 I 10.4 1).2 14.8 16.o 18.S 19.0 20.4 27 I U.6 12.0 14.8 11.s 17.0 18.7 18.9 
)) I 12.7 14.8 17.8 19.8 18.7 20.2 23.s 6 • 9.9 12.2 1s.1 17.4 18.7 19.0 19.6 
9 I 10.s 1).2 16.) 17.2 19.8 20.) 20.0 21 I 1).6 12.8 14.S 16.l 17.9 19.1 20.0 

2) I 9.4 12.2 14.0 14.8 l.6.S 17.0 17.6 24 2 9.9 11.6 1.3.) lS.3 17.8 17.3 18.4 )4 I 1).0 1s.2 2).) 19.9 19.0 19.4 21.1 .lJ&Sl t 10.6 12.4 ]$.8 . 16.0 20.6 22.s 24. 7 OJ61 I 9.8 10.8 1).7 14-3 1$.7 17.3 19.8 AJ6S I 10.6 12.s 16.6 19.2 19.8 22.8 24.8 0486 I 13.3 16.l 17.8 19.) 19.9 20.s 24.4 J.491 I 9.9 11.8 14.4 lS.8 16.9 18.8 21.J 0508 a 12.2 15.3 19.2 20.0 21.s 23.1 22.8 ASSO I 12.3 1.3. 14.8 18.2 18.Btt 19.4 19.6 Totals • • • • • • AT. I u., 13.J 16.1 17.6 18.9 21.2 Oranda • 
Totals 316.4 'lJ_O.O 1o<).) J&BS.6 ~23.3 221.0 S84.o 

I 
AT. I ll.J lJ.2 16.1 17.J . 18.7 12.z 20.9 



Sv-- BODY MEA.SURlmJff.S AT BTHLI INTERVALS FROM BIRTH 

a:n • 

TO SIX O HS OF AGE BI I-RAY CLASSIFICATIO AND SEX 
(OOftIWED) 

Loin 111& 
lfo. I Bi.rth a l mo. I 2 JDO. s l mo. a ao. ' 2 mo. a ! mo. 

a B TJpe - Faalea 
29: n., 13.0 J.4.S 16.j l .8 19.7 21.0 
8 : 10.3 12.7 1$.6 l.5.9 17.9 19.3 18.8 

10 : 10_.4 14.7 16.2 19.2 20.l 20.s 20.9 
16 a 12.4 14. 7 11.3 18.8 20.4 18.J 20.0 
31 i 10.8 12.0 J.4.,6 14.9 17.2 16.2 16.8 
39: ll.6 12.s 13.6 16.2 J.5.S 14.6 18.8 Al68 : 10.0 ]J.O 16.4 17.~ 19.7 21.9 21.) AlaSl a ~-6 10.0 12..1 1).2 ~-4 16.8 19.0 Total: 8 ., 102.6 llo.6 ij2.4 .o i47 • .3 158.6 Av. : 10.8 12.8 ~-1 16:z 18.0 18.!! 12.a 

; C !a! - J'aalea 
J 1 10.4 1).6 15.s- 16.1 21.0 20.s 20.3 4 : ll.J 14.o 1s.s 19.0 19.J 20.0 20.8 17 i 12. .. 7 1s.s ]$.6 11.s 18.8 18.7 20,.0 

JO : 11.3 11.8 13.2 1$.4 16.9 11.1 20.2 .36 : ll.9 1,.0 17.7 19.7 18.8 2 .o 22.2 l : 10.6 l.4.6 14.7 17.0 18.S 19.5 20.4 s s U.2 12.s 13.6 17.0 18.0 19.4 19.l 
1) l u.6 14.8 16.6 19.4 20.6 21.2 20.2 19 i 12.s 12.6 10.s 16.l 19.0 19.2 19.l 22: lJ.l l).O 14.3 16.0 18.4 18.J 19.6 ASOJ l U.J 1$.8 19.0 19. 20.8 21.Sit 22.8 

Totals • • .o 1 • . 0.1 • .9 AT. i 11.6 lJ.2 
Orand.a 

~J 17-2 !2•1 12-z 20.4 
Total.a 214.J 225-8 277.6 32$.1 JaS-1 .)63.7 383,5 

I 
Av. I U.J 1l•2 ~6 17.l 1a.z 19.1 ao.2 

Gr d I 
Total 1 
Mal.el I 

&Del • fi>.7 62S.8 121., 810.7 878.~ 914. 1 976.~ 
t 

Av. I U.J ll-J. !.2•i 11.2 1a.1 12.2 20.6 

37 



TABLE V 

SUIIJW1I or BODI MEASUR s AT NTHLY IlffERVAlS FROII BIRTH 
TO SIX )l)N'l'HS OF AGE BI X-RAY CLA.SSIFICATIOI AND SEX 

(CO ItroED) 

oaft I 
lo, I BirtA l. 1 • I ~ -mo. • • mo. • l; JIO. 

I B - 6f 
1 : 23.3 24.S 28.§ jo.7 31.4 33.S 34.0 

11 • 2.).l 27.0 28.6 )1.7 .33.J )$.1 35.1 
28 • 22.9 24.S 27.1 28.9 29.6 .31..3 31.8 
)$ t 21.8 2$.) 26.8 28.3 .30.9 31.1 32.7 
)8 I 21.3 24.l 26.8 21.s 29.3 30.6 32.0 
YI I 20.J 24.6 25.2 27.l 28.6 29.S .30.6 

AJ69 a 2 .4 2).6 27.4 28.9 30.6 33.l 35.6 
2 ' 21.8 24.l 26.S 28.3 .30.3 32.8 34.6 

A$J4 I .31.8 24.6 25.8 27.0 29.4 .31.0 )0.6 
J.547 • 22.7 24.0 27 • .3 29.1 J0.4 31.7 32.4 
A548 I 22.8 2$.~ 27.8 ,0.3 31.6 33.0 33.6 
Tot.al.I 24L..2 271.6 298.4 317.8 335.4 35'.3.j J6J:lr .... I 22.2 24.7 27.1 28.9 30. )2.1 .3 .1 

I C 
lS I 23.1 26.S 28. .. l]..O .33.4 JS.4 
26 I 22.8 2s.3 21.5 29.7 .31.4 .)2.6 34.0 
27 I 22.6 24.4 25.7 28.6 29.8 Jl.4 .32.s 
)JI 24.9 26.0 30.6 32.0 )2.4 34.5 36.0 
6 I 21.1 22.1 26.9 28.2 30.0 .)0.) 3]..8 
9 22.9 24.2 27.9 29.6 31.s 31.7 33.0 

21 l 22.7 24.6 26.8 29.2 ,30.) 31.9 32.6 
2) I 20.l 22.s 24.2 2;.a 26.S 28.9 29.8 
24 I 30.7 2,.s 24.9 27.7 26.0 29.S )l..2 
34 I 23.l 26.7 29.3 .30 .. 0 31.3 33.1 34.6 

AJ.61 l 21.4 26.1 28.4 31.4 33.0 33.9 11.a 
0451 C 20.s 23.9 21'.2 26.2 28.l 29.8 32.3 
AhSS C 21.3 24.2 21.s 29.3 31.2 33.4 3S.9 
0486' 24.2 21.2 28.2 31.8 33.0 34.3 JS.S 
A491 : 22.1 22.8 26.3 26.0 30.4 32.4 34.6 

508 I 24.) 26.8 )0.0 32 .. S .3.3.4 34.J .34.8 
A550: 22.6 ~-61t 26 f 29.l . 29.a. 30.6 ij·1 Totals 360.4 42 .2 463. 500.2 521.1 5L6.b r.5 
Av. : 22.4 24.9 27.J 29.4 30.7 32.l 33.7 Grand I 

To l 624.6 69!t.8 761.2 61 .o 856-2 899.3 937 • .3 
: 

v. I 22.l 2~.8 21.2 22.2 2Q.6 32.1 .2l•2 



TABLE V 

SUJOWtY OF BODI MEAS,URE!.IElll'S AT ll>NTHIJ DffERVALS FROM BIRTH 
TO SIX .ll)lffHS OF AGE BI X-RAY CLASSIFICATIOH ABD SEX 

( COR'l'IliUED) 

I 
!lo. I mo. I mo • 

I •• 29 I 22.0 23.6 26. • 30.0 31.2 )4.1 
8 I 20.7 22.4 26.8 27.2 29.0 29.9 31.4 

10 I 21.s 2s.3 26.4 29.0 29.S )0.8 32.3 J.6 I 21.8 25.7 27.2 30.1 )0.$ 30.8 )2.l 
)l I 22.8 2).8 2s.4 26.9 30.S 31.0 31.5 
39 a 22.9 24.0 2s.2 26.6 28.6 29.0 )1.0 

A168• 21.4 23.6 27.0 28.l J).5 )l.8 33.S 
Ala81. 21.6 21.6 2t.s 21.8 27-f 28.7 2~:l Totals 174.7 190.0 2r.1 · 2)6. 20.2 
.lv. • 21.a 2J.z 26.0 27.7 22.~ .lQ•! J2.2 

I C Type - Pellalea 
3 I 21.7 23.8 2s.s 21.2 30.s 31.5 32.0 
4 I 2).0 24.0 26.4 29.; 31.3 31. 3 33.1 

17 I 23.7 26.4 2a.s )0.2 )1..6 )2.0 l4.o 
.30 a 22.6 2).2 2S.3 27.4 29.7 31.3 33.1 36 s 22.2 26.4 28.2 29.6 31.9 )3.2 )4.6 
l I 22.0 24.S 26.0 28.6 .)l..O 31.2 32.7 s • 2).0 2).2 2).9 21.s 29.0 30.4 )l.O 

l) I 24.0 26.6 29.6 31.1 32.S .33.6 33.6 
19 I 21., 24-2 2s.s 26.9 28.) 29.S J).9 
22 I 22.0 24.$ 26.4 21.1 29.0 )0.0 )l.) 

A!,0) I 22.0 26.0 2z.e j·8 jrA:r i·2 Totals 247.7 273.0 293.4 3 .6 -~ A:v. I 22.s 24-e 26.7 28.7 )0.6 ,µ.s )2.6 cirand1 
Total.a ~2.4 J,6).0 $01.7 fJ7.6 212.7 589.7 616.1 

I 
Av. I 22.2 26.~ 28.J lQ.l ll•O 

Grand I 
Totals 
Malu t 

and I 
r...iea 10~z.o gzz.a 126l.6 ll~.6 ~2-0 ~2.0 

I 
.lY. 1 22.J 2~.6 26.2 26.8 .lQ.~ l1•1 ~-1 

39 



TABLE V 

SUMMARY OF BODY MEASUR~NTS AT ll>NTHLI INTERVALS FROJI BIRTH 
TO sn MO s F AGE BY I- . C SSI !CATION AND SEX 

( CONTDMID) 

CaJ.t I r.mton le~ o. t Birth s l mo. l 2 J!lO. t J • I mo~ a mo. • mo. 
I B Type - Mal.ea 

7 : 1.4.o l.6.1 18.5 19.2 19.7 19.6 18.3 
11 I 14.9 16.J 17.2 18.2 19.9 20.6 19.s 
28 I 14.3 15.6 17.8 16.7 .16.8 18.0 17.1 
JS • 1s.s 17.4 1s.1 18.2 18.) 17.6 18.2 
J8' 14.o 16.6 17.8 18.0 18.l 18.0 11.9 )7 I 14.2 ]$.8 16.2 17 3 17.4 16.8 17.7 

Al.69 i 15.0 16.7 17.0 18.4 16.9 18.7 19.4 
01,82 I 15.0 1$.2 16.7 16.9 17.4 19.2 19.0 
A$34: 14.8 17.0 17.5 16.0 181>3 18.3 18.J 
AS47 c 14.8 16.3 16.8 11.s 17.8 18.0 17.9 
A$1'8 • 15.2 16.o- J.6.8 1 .l 18.l 18.l 17.8 
Totals 161.1 ' 179.~ 188.0 196.5 196.7 202.9 2011 
AT: I !l¼•Z 16 •. J 17.1 17-2 18.1 18.g 18.J 

' C T&! - JlaJ.e• 
1;: 14.9 18.4 18.4 18.9 20.4 19 9 20.0 
26 I 1$.J 1.6.4 17.2 16.9 18.2 19.6 18.6 
21 1 12.9 1,.s 16.3 17.4 18.l 19.0 11.1 
33 s lS.S 11.2 19.l 19.7 19.5 20.0 19.0 
6 s 14.7 l.5.S 17.3 18.J 18.6 19.1 18.6 
9 • 14.S 16.) 16.1 17.8 19.3 18~3 18.0 

21 : l.4.9 J.4.9 17.0 18.2 19.4 19.5 18.4 
23: 12.9 15,7 16.o 16.1 16.8 17.7 16.S 
24: l).6 1.$.6 16.8 11., 18.l 19.1 19.6 34 , 15.1 17.1 17.4 17.9 18.3 19.0 18.6 

A16].1 l.4.S 16.3 18.J 18.7 19.0 19.4 20.s 0451 i 14.6 1$.l is.o 15.6 16.4 17 .4 18.S 
A.455 r 16.0 17.0 18.2 19 • .3 19.2 19.9 19.4 
GJ,861 11.s 17.8 1a.s 19.s 19.1 l8 8 20.2 
J.491 I 14.2 1,.,2 16.8 16.6 18.4 18.3 1B.3 
OS08 J 16.6 17,8 20.1 19.6 20.s 21.4 21.s 
J.$SO l 16,.2 16. 16.8 18. 18.)tt 16,.l 18. 
Totals 1 79. • 31. .) 
Av. a 
Grandt 

~2 A6•~ 18.0 18.7 19.1 12.0 
Totalr ~!8 !&8:2 ~J.J zO~.o 216.3 z.!7•!1 a~•.!t 

I 
AT. I ~.8 16,g 17,3 18.0 18.!! 18.8 1a.z 



4l 
TABLE V 

SU F BODY URE S AT Jl>NTHLY INTERVALS FROK BIR'l'R 
TO SIX NTHS , AGE BY -RAY CIASSIFICATION AND SEX 

( OOfltINUED) 

caJ.t • Gannon l~ o. :).trtb t ' § mo. • a 2, o . s 3 mo.~ • • ; 

: B !ZR!• 
29; 14.8 14. 7 16:~ 15 6 18.S 18.5 17.6 
6 : J.4.3 14.l 16.9 J.6.1 17.6 11.1 1.0 

10 = 12 4 16.2 8.0 18.0 18. , 18.5 17.0 J.6 I 14.4 17.8 17.J 19.l 19 • .3 19.7 18.8 
3 : l.4.3 6.1 17 .. 3 16.4 1 .6 6.7 17.8 
.39 : 1,.1 16.2 16.2 18 1 17.3 16.8 16.8 

A45B i 14.2 1,. 2 17.8 18.7 18.) 19 • .3 7.9 Ahal I l~•I 1~:~ l~.O ~-2 l!.l 11.2 18.! Totalt n. lJ.j. 1 • .a i4.2 lq5.l 141. 
AT. : ~-1 12.6 16.2 17.2 18.l 18.l 11.7 

t C 'l']Pe - Ft.Wales 
.3 : 1.3.6 J$.8 15.8 1B.2 18.0 18.7 18.8 4 : 14.l 15.3 1$.8 18.2 19.3 17.8 18.4 

17 t 14.J 16.8 16.9 16.8 18.7 18.8 19.2 
: 15 9 16.0 16.2 18.,S 18.0 11.S 18.2 36 : l.6.4 18.6 19.2 19.S 19.5 18.8 18.8 

l : 14.6 15.4 16.5 18.4 19.6 18.8 18.8 s : 12.s 16.a 17.) 18.7 19.3 20.0 11.1 
13 2 lJ.8 16.8 17.5 18.8 19.3 19.6 19.9 
19: 13..2 1s.2 17.0 16.6 17.8 l.8. 7 17.8 
22: 13.4 17.0 17.6 18 4 18.$ 18.7 18.9 

A$03 • l .8 18. 18.l 19.6 l .8tt 20.1 
Totali 1 o. l 7• • Av. : 16.~ 11.1 l.8.3 
Grand: 
Total: 268.~ ~5.1 32

1
3.l ~.38.0 . 3$2.8 }_z2.3 348 .. 0 

: 
Av. s ~l 16.1 17.0 17.8 18.6 18.2 18.~ 

Gr d : I 

Total 1 
le I 

and I 
Fe lea 669.6 764,2 8o6.4 au.~ 862.l 879.7 871.~ 

z 
Av. : 1~.2 16.3 17.2 11.2 , 18., 18.7 18.2 



TABIE V 

S 'I OF BODY KEASu=&£o&·u.S AT NTHLY NTmV. RO BIR 

Calt I 

TO SIX t.«>NTHS OF AGE BI I-RAY CLASSIFICATION AND SEX 
(CONI'I ED) 

•!&ht 
• ·~ I i • I 2 m. I j mo. t i ac,. I 2 • I mo • 

t B 'l'ype - Mal s 
7 : 7S 100 184 246 290 lSS 33S U: 84 15, 188 260 320 4lO w,o 

28: 71 us 153 210 23$ 29S 310 .35; 15 l08 136 l6S 2l.S 27$ J)) 
38 I 64 93 1)) 1,s 235 255 JOO 
37 a 63 88 120 l,So 210 250 270 .#JaS9 I 70 89 143 187 250 290 380 

OJ.82: ss lll 150 195 2l6 3~ 381 AS.34 I so 90 lOS- 120 185 222 26o 
A$47 I 6S 65 12, 160 202 224 2so 
546 I 66 ll)lt l6o 220 I 280 3~1 Totals 7)8 ii47 i594 082 3196 

Av. : 67.,1 104.3 !!111-1~~ 24g.5 290.s 324.6 ' I 
]$ : 72 116 19$ 285 .365 315 26 : 70 107 145 210 240 3.30 370 27 I 78 100 134 180 220 28$ 320 32: 87 1.30 220 250 JJO 380 1#) 
6 : S6 77 143 l7S 205 26$ 290 
9 • 64 92 178 215 2io 300 3~ 

2l : 70 rs lla6 us 2)0 290 320 
23: )6 109 1S5 l.65 2 250 24 l ss 91 l~ J.8o 20s 270 300 
34: 19 150 180 2.)0 280 )lo 410 Al61 ; 72 97 16o 225 290 380 

04,Sl I 55 66 98 129 175 22.$ 290 
A4~S : 60 99 170 2)2 29S 370 0486 : ll4 164 21$ 295 .33.)tt 370 w.? 
A49l : 56 72 126 177 2.30 305 315 OS08 I S6 lSS 2)) 320 )JS- ,so ,380 
ASSO I d llOtt 13; 2.3311- 262 61 Total.a 1832 271 '296 5302 
Av. ' 68.i 107.8 159.8 2ll.1 222.7 m.2 l~2-Z Qrand: 
otal: 12Ql 2212 ~ . 2702 8~ 

: 
AT. : 68.o 106:!l 1$4.0 20J.8 2~-1 ~l-~. l~•2 



TABLE "I 

SUMMARY OF BODY MEASUREUENJ.'S AT K>ITHLI IlffERV.A.LS FROM BmTH 
TO SIX )l)Hl'HS OF AGE BY X-RU CLlSSIFICATIOW AND SEX 

( COITIIUED) 

Calt • eisht 
o. s Birth 1 l mo. t 2 !00· 1 l . 1 4 mo. I mo. * o mo. 

' B :EZR! - Female 29 1 6) 93 137 20.5 2)0 290 360 8 I 50 77 143 175 20.$ 26:S 300 10 i $8 123 1S8 200 240 310 J2S 16 I 77 143 182 220 250 JlO 3.35 3l I 58 91 124 155 240 26S 300 
'' I 

70 87 100 120 ll6 19$ 250 .A.4S8 I 63 94 154 205 2.50 320 39S A.481 t ii 7~ 
81 lll iMg 200 2'£0 Total1 1079 1)91 2155 2.sJS AT. t 60.2 ~.o . 1~a 1zJ.a 226.2 269.~ ~-2 I O !ZR! - rsiialea 3 a 62 95 131 161 .. 230 290 J)' 

),i 1 71 104 141 22.S 255 31) 340 17 I 19 114 154 195 2s 280 32.S 30 : S9 79 100 1 5 2!,0 26$ 31;:, 36 ! 87 147 205 16 3lS 3.50 lt>O l : 76 ll2 l4S 184 26o 325 360 s : 62 82 lll 170 19S 21,0 270 lJ: 76 l 0 180 230 260 3 37S 19 I ss 92 120 155 180 240 2as 22 I 68 lo6 1)8 170 210 275 ))0 
A,OJ I 7g~ 1~f>& 160 21:,Q 90 ~r Total.I 

. 
1610 2120 2670 

• I 68.~ 109.6 
Orandt 

122.7 2~.7 294.1 3;}2-1 
Total.a 12~7 1966 2689 3511 ~80 ~.390 6~2 

J 
Av. I 6,2.l 103-2 1~-2 18~8 . 2)$.8 283.,z ,326.1 Grand 1 

Total c 
l4ales : 

a.no. . • 
Fe es 3140 4945 7000 9216 11443 1.3888 15881 

I 
Av. 1 66.8 102.2 lh8.9 126.1 2~.2 29S.2 l37.2 



TABLE V 

s MEkStlRJOOln'S T · Nl'HLY ImERV. IS FRO mTH 
¥ AGE Br X-RAY CLASSIFICATIO AND S 

(00 I ) 

Calf: ither he~ht o. l Birth s l mo. • 2 o. s J • s g mo. I 
s B !Y,pe - 8 7 : 61.6 65.5 76.5 81.5 87.S 89.$ 88.0 

11 : 6).2 75.0 78.) 84.0 88.0 82.5 9S.S 28: !,9.1 64.0 69.S 1, .s 79.0 82.5 84. 7 
3S: 64.4 68.S 72.4 11.s ao.s 86.9 85.2 
)8 l 60.4 6.$.0 10.s 1,.0 79.4 8lo9 86.l 
'J7 a $8.5 62.l 6S.1 12.s 1,.2 81.0 82.1 AJ69 I 6.3.6 6,5.S 7).0 76.S 81.3 s;.1 69.0 0482 s 60.6 67.0 72.) 7S .. 2 81.8 86.3 90.0 A5Jq I 57.8 6).0 6S.S- 68.o 11.s ao.4 79.0 A547 I 60.6 63.0 68.7 1,., 76.o 78.5 19.5 ASI.8 t 61.i 66.~ 11.z 80.0 82.~ 8!6:6 ~-0 Totals 664. 725. 78).9 Blii.2 888. 929.6 9 .1 

A."'1. l 60.!! 62-2 11.:, . 76.~ 80.8 82.8 
I C Type - ea 15 s 59.0 72.0 19.6 83.2 87.0 88.9 93~5 26 t 6S.3 67.0 12.s 76.4 81.4 84.0 90.4 27: 61.3 65.S 69.0 74.0 1a.s 80.0 84.7 32 , 61.1 69 .• 5 a2.s 86.o 86.4 91.0 96.0 6 l 60.2 60.4 10.9 74.0 11.s 80.S 86.0 9 'i 61.2 64.0 75.4 11.0 83.0 as.o 88.2 

21 : 61.4 64.0 74.0 79.0 83.0 83.0 88.2 
23: 53.5 60.o 6$.0 10.0 72.1 11.s 80.0 24 s 58.9 6~S 69.1 75.l 81.0 81., 87.6 34 s 63.6 10.0 74-2 78.6 19.1 &S.3 90.$ 

Alol: 64.S 66.o 73.0 19.5 85.5 91.0 93.S 01,51 : 59.0 S9.5 61'.5 69.0 12.5 11.2 84.2 JJ,SS I 62.S 6S.5 74.0 81.0 84.) 87.S 92.; .0486 : 66.o 12.5 78.S 85.5 87.6ft 89.7 95.3 
A49l = 59.1 60.5 66.5 12.1 78.5 82.3 86.8 0508 s 67.0 15.0 79.4 86,7 87.6tt 88.S ,,.s 
A550 , 6i.o 66.0tt ~-2 75-j 11.~ 80.~ iJ Total: 10$ .B u2i.9 12 .7 lj2J. 1jSj. ri i433. lS 2 
fAv. I 62.0 66.o 
Grandi 

12.1 77.8 81.~ 8!!.J a2.1 
Totalc_l711.9 1847~0 2020.6 2164.!! 2212.0 2363.l 21,58.) 

I A.,. I 61.~ 66.o 72.2 11.•l 81.1 8~-!i a7.a 



TABLE V 

SIDOIARY OF OODY MEASUREMENTS T N'l'HLY ERVALS FROM BIRTH 

Calf I 

TO SIX IC>NTHS OF AGE BY X- I CLASSIFICATION AND SEX 
{CONTINUED) 

No. I "Birth 1 l mo. 
Wither bei~ht 

1 mo . , j mo. ! mo. I JIOe I l, IIOe 
I B Type - Female• 

29 I sa.a 62.S 68.o tJ.8 · 79.0 81..o as.2 8 • S7.8 .59. 0 68.S 73.2 7S.S ao.o 81.7 10 I S8.7 67.S 71.0 76.o 80.S 8).0 as.1 16 I S9.8 72. 0 73.S 11.0 8).0 8).6 84.7 31, 60.9 64.0 71.0 ·1,.2 1,.0 81.9 86.o 39 1 ss.2 6J.S 66.o 69.S 73.S 74.6 80.9 AJ68 t 62.0 64.0 69.0 1s:o 79.S ru..o 87.7 
.AJ,81 • S7.l &:g 62.0 68.; 72-i 78.! 6,(fi Total I • 47). 3 549.o $86. 622. 61;6. 
AT. I 22•2 6J.z 68.6 71-l 11 .. a 80.8 8~l 

I C Type - Faale 
J I 60.4 6S.S 69.6 74.5 82.l BJ.S 87.0 4 I 61.7 · 64.0 68.S 77.S 62 .. S 83.3 as..e 17 I 62.l 67.0 11.0 77.4 61 • .s 8). 0 84-1 ~· 58.9 61.0 67.0 11.s 79.S 84-3 88.o 36 a 6S.8 74.0 79.0 SJ.S 87.0 90.0 97.0 
l • 6) • .) 61'.S 10.0 7lt.0 81..5 87.0 86.6 S I 60.7 .6).0 68.4 11.0 79.S aa.o 84.0 l) I 60.S 68.$ 76.2 ao.o 8J.S 06.S 89.0 19 I ss.1 67.S 10.0 78.o 78.S 81.) 86.4 22 I 58.3 6S.o 10.s 3.5 78.7 79.0 84.2 A.So:, a_ .~.o 68.o ~6.o aa.o a~t.f 86.1* s2.o Totala .4 720.S 75.6 S13.9 924. . §61.1 

AT. I 6o.6 6S.~ orand'.a 11.4 76.7 81.7 84.l a1.4 
Totals 1139. 7 12:,0.8 1334.6 14J;).l !221.2 

I 
1$71.0 163$.9 • AT. I 60.o 6+8 10.2 . 7~-3 80.1 82.7 86.1 braiicl a 

Total, 
Jlales : 

and s 
J'emalea 282116 w_1.a ~3S2.2 3~24-~ !'l9~.2 l9)4.l 4094.2 

i 
AT. a 60.8 62-2 71.~ z6.2 eo .. z 8l•I az.1 

lo 



TABLE V 

,t:JR.Eb.m?ft'S A NTHil I!ll'ERV. LS FROM a 
AG BY X-RAY CLAS IFICATIO AND 

(CO I I ) 

&.ii ' r!~h t Birth • l mo. a 2 • :=== . 1 li mo, • • 2 mo. 
-• • : 13 In>8 - al s 

7 ; 64.0 ll6.4 82.5 90. 0 - 92. 0 98 .0 98 .3 
11 : 63.1 76.o 8,5. 6 9l,4 9$. l 100.0 103.0 28 ; 6o. 7 67.S 16.0 2. 9 87.0 91.,5 98.4 JS : 58.2 10.3 74.7 83. 0 90.0 93.4 103. 0 38 I 53.8 6S.S 72.0 78.7 87.8 91. 0 9,.0 
31 i 54.6 62.S 10. , 13.S 80.S 2. 2 91.2 AJ69 I 56.0 67. l 76,0 79. 2 91.1 94.6 103.J 0482 : 51.S 68.0 19.5 86.6 92. 2 91.9 102. 0 A5.34: 5J.6 65.8 68. 4* 71.l 80.4 86.o 85.6 .!547 i 55.S ,s.4 69.S 77.8 19. 2 80.S 88.3 A548 : • o 6 .2. 71 • 8J. O 86. 3 89. 3 90.7 

Total: )2. 0 730.7 97. 2 • 10 • v. : ~1-2 66. ~ 72.l 81. 2 61-li 91.3 96. J : C - les 
15 : 61.0 11 .0 83, 3 - 91.0 92.0 96. 3 104.5 26: 6~.2 68 .o 78.0 83. 9 90. 0 93.0 102. s 
27 : 58.$ 67.0 76.2 81.5 86.S 89.0 91 .3 32; 63.1 1,.0 86.5 92.0 96.0 l~. O lo6. 0 
6 ' 54.5 ;6.8 1,.6 8J.S 89. S 90.S 91.s 
9 : 59.1 65.4 80. 3 90.0 89.S 94. 4 6·.4 

21: 59.3 64.0 74.S 84.S 88.o 93.0 97. 2 
23: 51.2 65.S 6? .. 5 7B.6 83.2 86. 2 9$,0 
24: ,,.o 61.6 7.3.1 19.0 84.0 92. 0 96. 4 34 : 62. 2 75. 7 80.6 86.9 87 .7 100. 0 103 S Al.51: 60. 3 68 .1 ao.o 91. 0 93. 0 103. 0 10 0 

04$1: s2.s S9.o 62. 0 73.9 77. l 87. 7 92.0 5 ; 56.S 6$.7 79.0 8$.J 92.8 97.0 106.4 
6 i 68.S 80.3 66.5 94.6 100.)if- 106.0 114-S · l : 56.2 $6.5 11., 8 .2 t'.. 7 95.6 102.0 

QS08: 6).] ao.s 88.2 9S,4 97.2. 99.0 10).0 
A,5_50 I 62.2 · u~~:r · 72.1 84.8 az.1* H·~ 16;~:i Totala ioo6.6 iji7. 1166.i 1$19.6 l.6 .2 
Av. I s,.a 67.9 77-2 82.7 89.ll 9~,.l 29-.8 . Grand& 
Total.1 163 . 6 1884.2 2143.7 2J2J1J ~l.2 2620. 6 27$4.6 

: 
Av. I ,28.2 6z.J 76.6 8!!10 88 .6 2~-6 2e.4 
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T I.8 V 

S Y OF B DY MEAS • S AT NTliLI I ERV. F 0 
TO SIX lffH OF AG BY X...RAJ' CLASSD'ICATION AND S 

{CONT rJED) 

I 
No, . a !_!rth , i mo. s 2 • 

I 
29 • 56.0 62.0 72.3 8 • 85.o 91.5 102.0 8 , 55.3 61.4 7~8 83.l 89.2 92.0 95.J 
10 I 52.9 71.4 15,0 81.5 88.6 92.8 98.9 16 C 60.7 76.2 80.8 87.0 92., 98. 7 99.7 
.31 t 55.5 66.4 74.0 78.0 9.S 94.7 96.4 
)9 I 57.7 63.5 69.0 15.0 19.5 84.0 91.0 All58 l . 58.o 6$.7 78.o 84.5 89.8 95-0 102.0 A.1£1 t 6. 

Tot ls 2 • 
Av,. I . 

I .. 
) I S6.4 6J.2 74 .. .o 87.6 94.0 98.4 4 • 60.S 62.0 74-5 87.0 91.0 9.3.6 101.s 

17 I 61.0 70 .. 0 76.4 1.0 89.0 96.S 102. 0 
30 I 57.1 62.s 69 •. l 79.0 85.9 90.4 91.0 
36 ' 62.0 11.0 3.7 90 • .3 96.S 103. 0 ios.o 
1 l 61.4 69.8 16.S 82.-4 91.5 97.0 99.9 s • 5S.~ 6.3.5 69 .. 7 8365 87.$ 91. s 95.8 

13 • 62.0 1s.o 80.8 89 .. 0 93.0 95.s 99.S 
19 a 54,.9 62.8 81.0 89.0 92.3 98.S 22, 56.0 68.3 82.0 8.). 3 86.6 96.4 

A.$03 z 6. 8 .8 98. * 10 .o 
-totals ., 9.31. 0 • 1097.0 
Av. ' .~8.6 8!!. 6 82·2 22-Z Grand, 
Totals 102.J•Z 12~2.1 l.4l.8.,~ !27l•2 lfil8.3 1710. ~ , 1872.8 . 

: 
v. ' z.7.6 66.e Z!i,6 62.8 68.J 2J.2 98.6 

Gr d ' ·total , 
Mal.est 
$id • Fama.las 27 32. 3 J:!.23. ) ;562.0 

j J221.2 4J59.S 4390.9 !e27.~ 
' ' A.v. t ~8. l 67.l 7~.~ ~~.2 88.~ 2J·~ 2s.~ 

&AlJ. 1n oent1Mt ers uoept weight which is 1n pounda. 
*Average ot aur nts bracketing this age . 
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TABLE VI 

BODY MEASUREMENTS STANDARDIZED TO FIVE MONTHS OF AGE AND GIDUPED ACCORDING TO X-RAY CLASSIFICATION AND SEX 

• Body leas'lrements 
Ca,1£ I S I I 1 I S I s£Ule I · I . : I i S - .. ... l AT• No. Weight 1 Withel" 1 Loin 2 Bead , Bead , cannon : Tibia , w p1na I canncn : Paunch : Round : Tail ; Shoulder: locQ' : '1Pe 

1 : Height :Width : Length : Width : Lengt.h : z.ngth 1 • , CirCU111t, s C1rCUL: Maas. : Length : Width I liength : Qrade 
1 B Ty:pe - a s 

7 a 327a 88.) 20.6 J).O 17.1 19.2 36.4 • 37,.0 1$,2 1)3 75.l , lp.)· 29,2 96.1 . 12.3 ll: 390 92.0 21.4 34.7 17.2 20.0 37.3 • )7.8 16.l 144 78.9 b7.3 ll.8 99.4 12.7 28 a 260 82.0 19.4 30.9 16.l 17 .) 34.S s 33,.6 14. 7 126 72. 7 44.S 28. 7 . 92.) . , 12,.,3 3S, 283 84.2 19.1 .31.8 16.2 · 18.0 34.1 • lii-2 13,.8 128 68.S J,6.9 27.6 . 9S.S 9.1 38 : 263 82.S 17 .9 30.6 15.4 18.0 3.3.3 ,i 33.9 13.8 12S 67.9 Ja.4 26,.3 91.3 10.0 37 : 243 79.4 11.1 29.6 15.S 11.3 33.6 • 34.2 14,S 12s 69.2 44.3 26.o 84.6 12.3 .1169 , 'J01 . 85.3 20.2 33.1 16.9 : 18.3 34.2 f JS.9 14 .. S l.36 74.6 44.8 27 .. 7 . 96.l . n.o 0482 1 322 86.o 20.2 .32.6 16. 7 18.S 33.6 , 34.9 14 • .3 lla 71.0 ~.4 29.0 . 97 .3 . 10. 7 A534 a 222 79.0 . 18. 7 .J>-3 16.0 18.3 32.s i 32.0 1.3.9 126 64. 7 . Jt>.8 2s.9 64.o . 12.0 .l547 1 237 79.0 19.l 32.0 16.o 18.o 34.7 l 33.8 13.9 136 66.2 J,6.8 27.2 84.4 u.o A$J&B t 8 .8 l • l , .O 18.0 I .2 .i 28.2 .O 12.0 Totals l • 00.9 '.a • 7 )09. l2 .o Av. I l • 18. J 28.2 ll. 
t C Tzye - es 

lS , .3la 69.8 23.l 33 • .3 16.l 20.l 36.S 'a 36.8 15.l 133 i 77. 7 49.3 .31.S 97 .6 u. 7 26 t .31) 6S.3 19 .. .3 32.7 16.6 18.8 )S.l J JS.l 14.8 134 ,72.2 47.S 28.) 9S.2 ll.3 27 1 27S 81.1 18.2 l)..2 ]$.9 16.) )4.0 a 3).6 1.4.2 127 67.9 4,S.) 28.2 90.9 U.3 33 s 383 91.1 20.8 34.6 16.7 19.S 38.0 , )8.8 15+3 142 78.7 Sl.2 JO.l 102.0 u.o 6: 253 81.J 19.l J0.7 lS.4 18.8 3.3.8 a 3S.o l.4.2 124 ,68 • .) 41..4 27.9 90.6 10.0 9 : 29S 85.4 20.0 32.1 14.9 18.S 36.l 3;.9 14.o 136 7S.J Jo.S 2a.2 93.4 u.o 21 1 280 84. 7 19~0 )l.6 16.l · 19.1 JS. 7 I JS.9 14.S 1)2 7.1.9 Jo.S 28.4 92.9 10. 7 23: 208 76.S 11.0 2s.4 J.S.o 11.0 33.9 33.1 13.e 114 69.2 Ja.o 24.9 88.1 u.o 24 : 262 83.4 17.8 29.6 1$.8 18. 9 JS.6 36.l 14.4 124 , 72.2 4,).8 28.4 90.8 u.o .34, 345 as.2 19.8 33.0 16.6 18.6 ,s.o , 36.6 15.2 141 11.3 47.9 :n.1 97.1 12.0 J.4$1 a m 90.0 22. 7 34.9 18.l 19.6 )6.2 1 39.3 16,0 lSl 76. 7 SO.) )2.8 100.0 11. 7 GJ61 1 2.J) 78.0 17.6 )O.l lS.9 18.1 32.7 )2.4 13.7 12S 6S.7 Ja.4 2s.o 8.S.6 10.1 AloS 1 3.7S 88.l 22.s 33.S 17.9 . u.s JS.6 )6.o 1$.7 151 79.7 47.8 , 33.7 98.7 12.7 
1 40S 93.2 22.4 34.9 17.4 · 19.S )9.0 40.0 l.6,2 1S4 8).S $6 •. 1 .32.2 110.2 10 • .3 Alt.91 a .303 82.S 19.7 32.S 16.4 . 18.J 33.1 JS.7 1S.1 132 78.3 47.6 28.8 9~.4 12.3 0$08 a J6S 91.0 2).0 34.6 17.2 21.4 )l.4 t )8.8 15,4 lSO 73,0 Ja.8 )2.0 101.0 10.7 ASSO, 2 s 81.s 1 .o .2 16.2 18. .a 6 21. 86. u. fotali • 3 .o .9 27 • • • 7 .o l 1 .l 91.1 Av. I ,3ll.l 85.2 20.l )g.J 16.4 19.0 )6.1 7).9 95.0 11.2 



TABLE VI 

BODY MEASUREMENTS STANDARDIZED TO FI VE MONTHS OF AGE ~ GROUPED ACCORDI NG TO X-RAY CIASSI FICATION AND SEX 
(CONTINUED) 

i Body Ue~pts . Galt : . • . l . I t t I I . I t . I I AT• 
. . . . . l W i "'M> 

2 
Wither I loin • llaad ; Head : Cannon l Tibia I to pine ,. Cann~ t Paunch I Round I 'tail. a Shoular, JodT & 'f1pe 0 

• : 
8 

e.u~ : Height : Width ; Length :. Width : l.mlgth : Length 1 .1:!n&\h I Circa. 1 Ciroua. , Meaa. , Iangth a Width 1 1-engt.h , Grade 
I B Type - Females 

29 i 328 83.S 20.2 32.6 16.7 11.s 33.8 , 3.S.l 1;.1 
8 2 2,7 79.1 18.7 .30.1 lS.8 17.4 )3.8 t 33.7 1).3 

10: 292 82.9 20.S · J0.9 16.2 18.o J.3.8 1 )S.l lJ.9 
16 i 298 83.8 19.6 31.1 1s.9 19.a 34.7 • )6.6 l!i.4 
n , 268 a2.J 11.4 ,31.0 · is.a 11. 1 J4.4 , ~-s 13,4 
39 a 197 76.J 16.) 29.S 14.l 17.0 · 32.0 t 30.9 12.7 

.11oa 1 ,u a3. 1 21.0 31.9 11 .o 18.s 3q.6 , ~s 14.s 
Ala8l· t . 201 ~·} , tM·l. &·l 1~.4 11.a ~~--1~~-- -~2.. .. 12. .. 1 
Total.a 2.1.69 6 · • · .B · · • · 12 .l ilJ 2' 2 
A't. I . 211 

: 

136 
127 
1.31 
1)4 
128 
uo 
140 
12 

76.6 
69.3 
74.7 
16.0 
67.8 
62.s 
73..4 
9.0 

47.2 
43.9 
43.9 
J6.S 
4).~ 
43.7 
47.l 
lu.2 

30.3. 
21.2 
29.6 
29.9 
27.2 2s.o 
29.S 
24~1 

.3 : 283 84-2 20.6 )1 • .) 16.2 18.S )4.6 a JS.7 13.4 lJJ. 71.j Q6.8 28.4 
4 a )0) 83.9 20.0 31.9 16.S 18.S , )4.6 t )li.6 14.3 132 73.) W,.7 29., 

17 a 277 82.9 19.2 )t.$ 1$.8 18.9 1 34.4 • llt.S 14 .. 0 134 11.2 47.S 28.l 
.,> a 277 83.9 18.3 n.o 16.2 1e.o JS.o i JS.4 13.3 lJO 66.8 i.1 .s 2s.9 
J6 i 3.5.S 91.3 20.3 33.2 . 16.0 19.0 :J1.1 , 11.1 .14.8 137 76.o so.6 29.1 
1 1 31$ 8>.0 19.S 31.6 16.4 19.l )S.4 . 1 l!i-1 14-1 lJ8 7S.S Q6. 7 )0.2 s , 2lS 81.2 18.8 30.1 1s.o 19.0 JJ.9 •· 33.s 12.a 122 6$., 43.2 26.2 

1.3 : :,2a 86.J 20.1 33.2 15.9 19.6 )6.1 ·~ 36.0 15.a 136 , 1a.o JaB.3 29.1 
19 . t a,s e2.1 19.1 as,.6 14-9 ia.1 34.-4 1 34.2 13.1 ll.4 67.S J&,S.9 26.2 
22 I 262 80.6 18.7 )0.1 16.2 · l8e7 ))'.0 I )).4 l)., 128 71.) Ja.9 28.6 

ASOJ 1 86. 21.8 2. 16.6 19.8 .8 6 l .4 
Tot.ala .1 .o l •• 7 207. ·• . • 
.lv •. _ t 84.4 l1•2 16.o . . 18.8 '4•? '! 35.0 131 72.l 

t Dwarfs - Females 
S9 a 27 .4 11 21.9 120 60.2 11.0 

97.3 
92.2 
93.4 
97.0 ,:,.s 
84.8 
9S.6 
82.2 

9.3.3 
95.4 
9S.8 
91.l 

101.s 
96.1 
91.6 
96.0 
93.2 
89.1' 

78.l 
'J.8 I )1..0 f 1 , 62,0 . - -~ . --

Total& • • • · • • • · .o 2 122.2 ., · .ft • • 
iv.~•. 198 71.0 28.6 ' 16.o l.Q.l 29. 2 19.1 lJ.O 127 61.l 2li.8 

l Dwarfs - Male 
S2 c 187 72. 0 13.9 28.2 15.4 ·. 14.4 )0.6 28.7 

Gl&89 , ~22 . i~•" ~-? 28.2 16.2 14.a 28,.o 11 . ,z.o & . -- -· .1 ge-- . -- . i-·-Total• · 1.xx • _ ,c _ ;;:2 , .au: "' xx a www , ·- • x a1,..; •CK& n . >i ea 4 , if if 

Av• I 

am measurements in centimeters except weight lt'hicb i& 1n pounda. 

l).7 
12.0 
13.3 
12.0 u.o 
9.7 

1.3.0 
10.1 

12.J 
12.7 
12.0 
ll.O 
ll.7 
l3to0 
10.3 
12.3 
10.0 
u.1· 

49 
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TABLE VII 

RATIOS OF VARIOUS BODY MEASUR!llENTS BY X- RAY CLASSI FICATION AND SEX* 

I I...ra;r -f - - -- --,- Wither ' Loin I Head I Bead a cannma 1 Tibia I stffi.i I Cannon · s ·Pauch ' Round .. Tail a Boq Jleaaure-1 cluai-1 Weight I Bej,ght : Width. ' Len«th : Wid'll,b : Leng\11 I litnnh 1 to t1iDI I C1rcua1 1 9H:cua1 I Kea1. • l.emt.h l Leng_th JIBDt I tioa- I )I I I I • • p I JI I F I II I , I )I I J t Ip I JI I p I II I r I II I r ' II I , ' )( I 1 • II I f I • I r ltiOD I t t I . t I I I I I ' • 1 I I t I I I I ' l I I I I 

Weight A 2.7c;A 2.79 lJ.87 13.47 7.23 6.72 12.7S 12.)8 13.97 14.04 6.96 6.78 7.08 6.8014.57 l$.2) ~-67 1.S6 3.18 J.24 4.90 5.32 2.S9 2.sa B 3.43 J.34 14.84 14.41 9.00 8.80 17 .S6 17 .04 15. 74 lS.14 B.JS 8.04 8.28 7.97 19.86 19.64 2.17 2.10 4.06 J.88 6.36 6.os 3.13 2.9S C J.6S 3.43 15.47 14. 72 9.63 9.20 18·. 97 18.12 16. 37 1$ • .Z 8.84 8.)1 8.62 8.29 21.02 20. 71 2.29 2.21 4.21 4.02 6.68 6.17 3.27 3.06 Wither A ., 4.97 4.~ 2.s9 2.W5 4.S6 4.44 s.oo s.-t 2.49 2.43 2.sJ 2.44 s.21 s.b6 .60 .S6 1.13 1.16 1. 1s 1.91 .93 .93 lleight, B 4.32 4. 2.62 2.64 s.12 s.u 4.sa la.A . 2.43 2.41 2.41 2.19 s. 19 s.a8 .63 .6J 1.1a 1.16 1.es 1.s1 .91 .86 C 4.24 4.2~ 2.64 2.68 s.20 s.28 4.48 Ji.All ! 2.1&2 2,42 2.36 2.41 s.16 6.03 .6) .64 1.1.S 1.17 1.8) 1.80 .9() .89 loin A .S2 .$1 .92 .92 1.01 l.O. .SO .So .;1 .Sl l.OS l.lJ .12 ,12 .23 .24 .JS .!t) .19 .19 Width B .61 .61 1.18 1.18 1.06 l.0S 1 .S6 .S6 .56 .ss 1.34 1.)6 ~14 ,15 .27 .27 .4.) .la .21 .20 • 
C .62 .62 1.23 1.23 1.o6 1.os I .s1 .s1 .S6 .S6 l.J6 1.41 .15 ,lS .27 .27 .4) .42 .2l .21 Head A 1. 76 1. 79 1.93 2.0J .96 .98 .98 .98 2.01 2.20 .2) ,23 -~ .47 .68 .11 .)6 .)7 Length B l.9S 1.94 l. 7S 1. 72 .93 .91 -92 .91 2.21 2.23 .24 .24 .Jo .44 .71 .69 .JS .33 C 1.97 1.97 1.70 1.68 ' .92 .90 .90 .9() 2.18 2.2s .24 .24 .44 .1'4 .69 .67 .)4 .3.3 Head A 1.10 1.13 t .ss .ss .S6 .ss 1.14 1.2:, .1.3 .l) .2s .26 .)8 .43 .20 .21 Width B .9() .a, .i.s .41 .47 .47 1.13 1.15 .12 .12 .23 .23 .)6 .JS .18 .17 C .86 .as 

1 
.41 .Jp .Jo .!,6 l.ll 1.14 .12 .12 .22 .22 .JS .34 .17 .17 cannon A t .so .48 .Sl .48 1.04 1.08 .12 .u .23 .23 .JS .)8 .19 .18 Length B l .SJ .s, .s, .s, 1.26 1.)0. .14 .14 .26 .26 .i.o .!;) .20 .19 C , l .si. .$4 .SJ .S4 1.28 1.34 .14 .l.4 .26 .26 .41 ·"° .20 .20 Tibia A 1.02 1.00 2.09 2.2s .24 .2) .i.s .1,8 .10 .78 .37 .)8 Length B .99 .99 2.36 2.44 .26 .26 .49 .48 .16 .1s .37 .)7 C ! . 96 1.00 2.)8 2.49 .26 .27 .wi .1,8 .16 .74 .)7 .)7 Stifle A 2.06 2.24 .24 .2.3 .Jo .be .69 .78 -37 • .)8 'l'o Pina B ilPi•• JIOllth aeaauruent average• tor •ch I 2.1') 2.b6 .26 .26 .ie .ie .11 .76 .)8 • .37 C X-z,q cluaitication within a sex uaed. : . . 2.44 2.so .21 .27 .49 .49 .11 .74 .)8 .)7 Cannon A I .ll .10 .22 .21 .34 .35 .18 .17 I Ciroua. B •aa,t10 T&luee obtained by d1Viding •aaur ... nt,a .u .u .20 .20 .)2 .Jl .16 .]5 C into row measurement. 1tqing within the re- q .u .. u .20 .19 .J2 .30 .16 .l$ Paunch A spect1v• x-ray claaaifioation and sex. \ 

.I 1.89 2.08 2.93 3.41 1.ss 1.66 CirCUII. B 1.87 1.65 2.92 2.88 1.io 1.40· 0 1.84 1.82 2.94 2.79 1.43 1.)8 Round A I 1.ss 1.64 .82 .80 Meaa. B 1.57 1.$6 .11 .16 C 

\ 
l.S9 1.53 .76 .16 Tail A • • .53 .49 Length B .49 .ie C .49 .so 
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