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SYNOPSIS 

This Bulletin reports a study on the use of body measurements to describe 
in definite terms the fatness of steers and the changes which occur in the 
hody shape of steers a s  they fatten. I t  is a contribution to  the general 
problem of describing farm animals in more accurate objective terms, so 
that differences between them, ancl the significance of those differences to 
the breeder, feeder, and Iivestock judge may he studied more impartially 
and with greater accuracy. The steers used in these experiments were 
being fattened a s  a part  of a general study of the place which Brahman 
hlood might profitably have in practical beef production in Texas. This 
Jhlletin is a part of that  study. 

RTeasurements were made on nearly all the steers fattened during four 
seasons a t  Substation No. 7 near Spur. Measurements were made on thec 
thin steers just before fattening began and measurements were made again 
on the same steers when they were fat.  In  all, 185 steers divided among 
nineteen lots were studied.' This Bulletin presents a study of those data 
made with the sole object of learning what changes in body shape or con- 
formation occurred during fattening, so fa r  as  body measurements could 

C show those changes.: The Bulletin will be of interest chiefly to research 
workers and teachers of animal husbandry and animal nutrition. 

I t  was found that  during fattening the steers increased most of all in 
hndy widths, next in'body circumferences, next in widths of the pelvis 
region, next in hody depth, next in body length, next in height of the top- 
line from the ground, and least of all in head measurentents. While the 
steers became hroader and slightly taller and somewhat lower-set and their 
hones grew slightly during the fattening process, yet the f a t  steers were 
shorter and smaller-boned as  well as  broader and distinctly lower-set than 
CL:, -+eers of the same weight. 

~oidable errors in taking body measurements limit the usefulness of 
measurements in describing animal form, size, and fatness. The 
and usual size of those errors a r e  considered. 

Age plays a very important role in determining how a steer's shape shall 
change during fattening. Relative to weight, nearly all changes were 
more extreme with older steers than with young ones. This was to be 
expected as  a logical result of the fact tha t  the gains made by the older 
steers consist much more largely of fa t  than do the gains made by younger 
steers. The younger steers made a very considerable increase in the 
absolute size of their skeletal and muscular tissues during the fattening 
period. 

Breed differences in the way steers change their shape during fattening 
were clearly evidenced in these experiments in only two measurements, 
paunch girth and flank girth. Even in those measurements there was so 
lnuch overlapping of the two groups that  statistical ntethods were necessary 
to demonstrate the differences, and a determination of their exact modes of 
inheritance, if possible a t  all, would require an  impracticably large number 
of individuals. 
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CHANGES IN BODY MEASUREMENTS OF STEERS DURING 
INTENSIVE FATTENING 

JAY L. LUSH" 

\Vlie11 thin lmt licalt,y steers are confined to ~ n i a l l  lots niicl are feil 
1il)erally of n goo(1 ration tlley gai11 rapiclly in weigllt. 'I1his increase in 
weight consists 1:lrgely of fat  and lean flesll 1)nt nlso u s n ~ l l y  includes a 
~ m n l l  amount; of increase in ~vcigllt of hones, liitle, hair, and vital organs, 
:111(1 freqnei~tlv also n very consicTera1)le increase in tlic ~veiglit of tlie 
contents of tlle digestive tract and of the urinary l~ladtler. The flesh, 
wllicl~ is n large p u t  of such f~crl-lot gains, is not depositccl a t  tl uniform 
rate in a11 parts of tlie horly. As tl conseclnence, steers not only gain in 
\rriglit during fattening bnt they also change in conformtltion, or body 
shape. The purpose of this l3n7letin is to sho~v, so f a r  as l~ocly measure- 
~l'ipnrs on ncnrly two hunclred steers reveal them, the clianges nrl~ich 
tnke place in conformation clnring intensive fattening. 

3Tost oil the ilatn were taken in  a stndy of the clifferences ill conforma- 
timi of cattle carrying Bralirnan 1,100~1, k c 1  cattle not carrying Brahman 
l o o 1  Homrcver, n comparison of tlie measnremerits of tlie same indi- 
viduals nr11~1i thin :inrl wlien fa t  is equally well suitecl to a study of nrliat 
clia~igrs in  1)ocljr conformation take place during the process of fattening. 
.\ study or tlie ilnt:i ~vitll that  one ol~ject in mind forms the hasis of t h i ~  
l)~~llet i i i ,  

PREVIOUS WORK 

Many s t~~r l ies  of lmcly measurements of cattle have hcen pul)lished, 
csl)ecially 1 ) ~  Gcrman ~vorliers. Ho~vever, in tliose studies with few 
P\-ceptions, tlie m e a s ~ ~ r e n ~ e n t s  have heen regarcled either nlerely as an 
o1)jective means of ircscril~ing the race or 1)rcecl of cnttlc stuclied, or the 
~ n ~ n s i i r e i i e i t  has ljccn stud iecl wit11 reference to  the changes ~vhich  
normally ti~lic place clnring gromtli froin hirtli to  maturity. 

Nafnrally tllr studies of clianges in conformation cluring growth also 
hnve n 1)earing on changes cluring fattening lwcause ~ i ~ l ~ a l l y  growth is 
nssocinterl ~vitli raryiiig degrees of fattening. Thus  TVP find consider- 
nl,lfl  attention ljeing given to tlie effects of fattening on hodv conformn- 
fion in s~icli rvorks as those of Wagner (19) ** and Ixansen (7)  and  
Rrody(1). The ~vork  of Henseler (8) on the effect of feeding upon the 
conformation of s~vine cleals clirectly with this point in s w i i i ~  hut  the 
nnnil,er of animals mas quite small. Likewise tlie st~idies of Cloche1 

*R. E. Dickson, Superintendent of Substation No. 7, and J. H. Jones and 
W. E. Flint assisted in taking and recording the measurements and weights. 
Without such assistance this study could not have been made. 

**Numbers refcr to the literature cited a t  the end of this Bulletin. 



ancl Severson(2) oil c l ~ a r ~ g c s  i n  the conformation of horses during 
fattening, inip1;citly suggest t ha t  i n  cattle, too, we n~ig l r t  expect to  find 
tlie greatest increases taking 1)lace ill the muscular parts  of the 1)ocly and 
c ~ ~ ) e c i a l l y  iiz n l e a ~ u r c n ~ e n t s  of body ~vid th .  

111 tlle e s t c n s i ~ c ~  series of exlwrinici~ts a t  the  1I-issouri Xtation.011 the 
use of food ljy cattle, Inany l~orly m e a s ~ ~ r e m e n t s  rnGre-t-%k6n a t  in te r~a l i :  
oil steers oil good and  poor ratioiis. These measnrcments clo not  s l i o ~  
estrelne changes dur ing  any  one interval, ;IS the steers ~vlrich received 
the good rrltion all the  t ime were quite natnral ly f a t  from weaning tilnc 
on aild an? change f rom t ime to  tinle ~ r o u l d  1)e a measure of g r o ~ t l z  rr l l t l  

fattening. FToll-ever, a c o n ~ ] ~ a r i ~ o ~ ~ ( l - ~ )  o S illc average measnrements 
for  tlie stecrs 011 tlie good. mcrlium, ;li~tl lmor rations, com1)ined wit11 n 
ki~owlotlge dcrivctl from slaugll tcr  tcsts t ha t  tllc steers diffcrccl muc.li 
more in fatiless tllail in  quanti ty oS musclc or  of sliclr.ton, does n-nrraiit 
tho conclusions t l i ; ~  t the  diff ereilces i n  tllc ;lvciuagc nlr1asurei1iclits wt1r.t;- 
largely cansot1 1)y clifferences i n  the  fatness oS1tlle t,llrcc groulls of.stclcrs. 
0 1 1  this  l)ilsis, it nlay 1)e concludecl t h a t :  

( i ~ )  ITeiglit a t  vi t l lc~rs ' js  nffcctccl 1)rnctic;llly not  a t  all 1,y fatncs 
( I )  FIeigllt a t  liips is aff~ctccl w r y  little i S a t  all l)y f ; ~ t n c ~ s .  , 
(c.) 1~ciigtli  from slion1tlc.r to lli1)s is s l i g l ~ t l j ~  affcc~tcvl 1)y I';~tncss. 
((1 ) Lei~gt l l  froin s l lo~~l ( lor  to  iq(*ll i ~ i i l i  i~~c~ro:~scls (1 istiilctly ~vitll  

fatness. 
( ( 2 )  Il'itllll of llips iiicrrasos tlistiilc.tly \\.il,ll Satncss. 
(S)  T1c;lrt giytll inc.rt~nscs vclry grcli~tly wit11 i l i ~ r c n s ~ s  in fati~esc. 

Otlicr mcasnrcineiits ;Irc1 giro11 for  cki1c.11 ;~ i~ i i l l i ~ l  Ibnt ilrih ~iot ,  averi~go(1 or 
ot l ler~rise aiialyacd. 

S e ~ e l l  I I I P ; I S ~ I ~ ( ~ I I ~ C ~ I ~ S  taliell ilt tllc 1)ogiiiiiing innil cllcl of fat tei i i~ig of 
four lots of cill~t's a11(1 three lots of txo-year-olil steers nt tlio>J&~liillg 
Station (9,  10 )  n-t3rc analyzctl chiefly wit11 rofcrclic~rl to  their relatioil to 
t'\-l)(l (i. c. to  rnugii~css vt.rsns low-stltnclss) as tl(ltc~r11zincil visually 1)y 
cxl~ericllce(1 jutlgcs. ITenrt girth, ~vitltli a t  Ilips, del)tll of c:llest, and 
paunch girtll  all sho~ved lar,ge i~lcrcases (luring tlle fat tening of two- 
.char-old steers. ETeigIit a t  ~vitliers ~ l ~ o ~ \ - c r l  a small increase and tbe tlis- 
tnilce from the floor of the  chest t o  tlie groullcl sllowcd a clistinct dtl- 
crease. ill1 mcasuren~cnts  of the  calves i~lcreaserl cluriiig fat tening 1)ut 
tlie greatest ilic'reases were i n  heart  girtll, nricltll a t  Ilips. aiitl p;luiic.l~ 
i t .  7 '1~ iucreasc ill dept11 of chest ~ v a s  s l igl~t ly less n i ~ d  tllc iiicreiisw 
i n  caiinon circunlfercnce, lleigllt a t  ~\-itll(>rs, anil 1)otly Icngtll mcre mncli 
less than  in  tlie first tllrcc ~neasuremeilts nicutionecl. The  increase W;IS 

least of all i n  tlie clistazlcc f rom chcst. floor to the  ground. Ratios of 
heart  g i r th  or  j,auuch g i r t h  or  chest depth to  height a t  ~vitllers are pro- 
poseel as  the  1)est ohjectivc me:wures of type (i.  c. of low-setlless as com- 
j ~ ~ r e c l  t o  ranginess). 

Tn the  steer feecling experimel~ts  reportecl 1 q  Evvaril, Cnll,ertson, \Val- 
lace, and  Hammond (3,  4 a i~ r l  5 )  i n  Leaflets Nos. 16 ,  2 2 ,  and 23 from 
tlie To~r~a  i lgr icul tural  E s l ~ e r i n ~ e n t  Stiltion, heart  girtll, ~ ) n u ~ ~ c l l  girtll, 
shoultler lleigllt. an(1 ruin1 ) licigllt. wcirtl lllclil s~irctl on f llc steers 11otl1 thin 
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and fat  and the average increase and percentage increase were calculated. 
For the most part these steers were two-year-olds with about four months 
between the two sets of measurements. A few were calves and yearlings. 
All four measurements increased during fattening but heart girth and 
paunch girth increased very much more than the two heights. On a 
percentage basis the increase in heart girth was slightly greater than the 
increase in paunch girth in all lots. I n  most lots shoulder height in- 
creased more than rump height but there were some exceptions to this. 
These Iowa results give a clear picture of two height measurements both; 
increasing slightly and at  very nearly the same rates during fattening' 
while the two girth measurements increase very distinctly more than the 
height measurements and heart girth increases slightly but significantly 
more than paunch girth. As was to be expected, the measurements of 
the younger cattle increased more than those of the older cattle both 
actually and on a percentage basis. 

The most extensive American study on changes in  the body measure- 
ments of steers during intensive fattening is that conducted by Severson, 
Gerlaugh and Bentley (16, 17) a t  the Pennsylvania Station and pub- 
lished in various annual reports of that Station, especially in  the annual 
report for the year 1916-17. The detailed measurements and weights 
for each animal are published but have not been averaged or summarized 
with the object of seeing what changes took place during fattening. 
However, three correlations bearing on this point are published. They 
are : 

Gain in live weight with increase in circumference of chest -k .460 t .044 
Gain in live weight with increase in circumference of paunch + .306* .056 
Gain in live weight with increase in circumference of rear flank + .203+ .055 

These correlation coefficients were calculated without any corrections 
for heterogeneity of data and are probably very considerably lower than 
they would have been had such corrections been made. That is to say, 
other factors which were not the same for all lots (for example, differ- 
ences in ration, initial weight, age, etc.) doubtless operated to conceal 
part of the true correlation which existed between gain in  live weight 
and gain in the three measurements named. Our own data support the 
conclusion that increasing circumference of chest is more closely corre- 
lated with increasing weight during intensive fattening than is either 
paunch circumference or rear flank circumference. 

- - 
DESCRIPTION OF THE STEERS USED 

1: There were nineteen lots of steers totalling-I85 head in  these experi- 
ments. Two lots of ten head each and one lot of nine head were pur- 
chased, 28 head from the SMS ranch and one locally late in  the fall of 
1926. They were long-aged calves cut back from the 1926 crop and 
short-aged calves cut back from the 1925 crop but were thrifty and of a 
desirable feeder conformation and already carried a little more finish 
when the feeding experiment began than any of the other sixteen lots 
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l dill. ~ 1 1 ~ 7 ~ '  wcrc l)redoi~iiilalltly of IIereford breeding but sliowecl liiuch 
Sl~ortliorli l)loocl, four anlong tlie twenty-nine being white anel several 
lwillg cl ist inctl~ roan. ilsicle from the fact tha t  they showed a greater 
rilugc of variation in  weight and size than was ideal, they were quite 
dcsiral~le steers for ex~~cr imen ta l  purposes. Tllese RRlS steers were used 
to test t l ~ e  clesirxlrility of grincling milo heads and of chopping sorghum 
I'odcler before Feeding to  steers. 

One lot of five steers y a s  purchased in  tlie fall of 1924 from Mr. Jai1it.s 
C;illan of hlcnard. ~ l ' i e sc   ere sired by a liigh-grade 13rahman l ~ u l l  out 
ut' graclc Rercford COTI~S. They Trere purchased with the intellti011 OF 
atlciing tllclnl to anotlier lot of five head of similar breeding, so as to 
111:1ke a single lot as large as is recommericled in  standarc1 feeding experi- 
ment p r o c r ~ l ~ ~ r c .  liowever, the two groups of steers rtlmi~ined quite 
diflerciit Fronl each otlier i n  tlieir rates of gain and in several o t l~er  
respects so tha t  we liave thought it best to treat  thein as two clifffcrcilt 
g rou~)scsce l ) t  with respect to average daily ration. They coulcl not 1 ) ~  
treated selIaratcly in  this resl~ect because all ten steers were fed in the 
alme pen n11d of course tliere'is no record of the proportion of feed con- 
sumed by each group. 

The other fifteen lots (totalling 151 steers) were bred on the Raiicll 
13s~1eriment Station (Substation No. 14),  about thir ty miles soutll of 
tlic town oC Sonora. They include all of the steer calves wliicli were 
droppecl on the Station i n  the six calf crops from 1921 to 1926, ill- 
elusive, esccl)t two which were lost, five which died, and twelve ~vhicli 
wcre sickly or stunted or abnormal i n  some other way to such an  extent 
tlliit i t  was tllougllt 11cst to omit data concerning them from these calcu- 
l;it,ions. Hrsitlcs steers actually removed from the pens during the feecl- 
i ~ l g  period, five stcers mere excluded from these calculations ljcause their 
g;iiils were less than  the average gain 01 their lot by a t  least as mucll as 
tll~-ec t iliics the standard deviation of tha t  gain. We rcasonecl that  whcu 
tlir gilill was this lo~v, the chances werc more than a liundrecl to one tllat 
so~nctl~ilrg 1i;iil l ) c c ~ ~  wrong with tllese steers, evcri though me liail not 
ilotic:c.tl i t  during the feeding. These six calf crops werc Iattenetl ill 
four din'ercnt feeding seasons and also included three different ty11c.s of 
I)rceding. This esplains why they were divided into as many as fifteeil 
lots, each lot fed separately. . 

Tlle six lots called "Herefords" were sired by purebred Hereford bulls 
ancl ~vere'out of graXiTbrEFord cows which had a t  least five or six top- 
crosses of ITereford blood. For  commercial purposes they were therefore 
~~riict ical ly equiv:i.lcnt to purebreds although of course not eligil~lc to 
i=opistr;ltioil.\ The dates refer to the year i n  which the steers were boril. 
,\I1 were born in the spring of the year between the first of February ancl 
bl~c miclclle of June.  Tlle great majority of them were born between the 
riiicldle of Fcbruary and the middle of April. The  1921, 1922, and 1923 
FIereforcls \Irere all sired by one bull while the Herefords and also the 
back-cross steers for 1924, 1925, and 1926 mere nearly all sired by an- 
other bull. Four  of the 1926 Hereford steers were sired by a third 
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1,1111. C)ilp of the 1926 back-cross calves mas sired I)y a fourtli I~ull. ,111 
SOII r 1)ulls were purebrccl Here Fords. 

?'lie s i r  lots called ':Brahman7' were out of the same kincl o co~vs ilr tlie 
1 "llrrcforcls" but were sired-by high-grade Rrahmail l~nlls. rl'l~e 1!)21, 
' I!)%:?, and 1923 Brahmans were sired by a lmll loauecl l)v the I'icrcc: 

estate, Pierce, Texas. This bull was tl~iee-fourths ~ ra l l l l&n  and 0110- 

fourth grade I-Iereford and tlierefore these three groups ol' "f3ra11111:i1i" 
btt.crs mere really three-eighths Brahman ancl ncarly jive-ciglltlis I4cl.e- 
ioril. The 1924, 3 925, ancl 1926 Brahmans were sired hy a 1,1111 iloil:ttt>cl 

the nlcFacl~li11 estate, Marianna, Texas. This bull ~ v a s  sired 197 a 
t llirty-one thirty-scconcls Brahman bull out of n fif tee11 -sistcc~lt,lis 12rall- 
I ~ ~ ; I I ~ " C O W  i i~ld therefore may be called a sixty-one sistg-lourths Jlrilll1n;lll 
I)ull, althougll i t  shoulcl he emy)liasizerl that  in sncli a s,vstcm of l)rectli~lg 
tllc>re is coiisic1eral)le variation in  tllc amount of i1l11crit;lncc n-llic.11 
tlifl'clrcjlt il~cliviclual animals may actua11~ receive froill tilt. J ~ ~ ~ I I I ~ I z : ~ I I  
racAc, and therefore, that  the use of fractions of blooil as ~111;111 a:: sixty- 
i'ourtlls in describing jliclividual animals is liarclly accnrnte eiloug11 to I)cl 
jt1stificrl(l2). l'rol)i~l)ly i t  is sufficiently accurate to say tliwt this 1,1111 
\\.;ls a lligll-grade Brahman containing a little more t l l ~ ~ l  f i  ftec~i- 
sisteeliths of Rrnliniali 1)lood. His calves out of Iiigll-grade llcrcSor(1 
vo\rs were tlierefore a little less tlian half Brahman and allnost Ilitlf 
IJereford. 

Tlte t 1 u : e ~ l o t ~ ~ ~ e ~ l _ f f R a c k ~ ~ s s e s "  were sired by pure1)rciI I Icrclt'orcl 
rlnil wore out O F  COIVS 1vhic11 were of exactly tllc sanlc hrcctl ills ;IS 

cers called "Bral~man." These cows wore, mi tli olle esce~t tion, Il;tl P 
1 s i s t ~ r s  of tlic 1921, 1922, ancl I923 Brahrnwns. T11e one esccll)- 

L . v A L  ,cas a COW ~vllicli uras a I1aS-f-sister to tlie 1924 Brallm,zns nilcl n,llic,li 
\\.;Is a~cidentally l~recl so as to bring her first calf nrhtii slic was two ,vcl;~rs 
oltl. The "Buck-crosscs" tllereforcl contained al,otlt t l l r~c-sistcentl~s 
l~r:111iii~1i 1)1oo(l, tllcir mtittlr~lal grtl11tlsirc 11:rving I)ocil a tllrcc-quilrtclr 
1) .. 1 -- 

111 ~ ~ e l  their o t l~cr  tllrcc. gr;i~~tll)at.cnts Ilnving been pure or 11c;~l.l~- 
('re Cords. 
~f tliese Station-l~red stcers csccpt the 1921 stcci.s nrerc kcllt ill 
tures of the l<ancli Station until shortly before their fat to~li  I I ~  

\\.;IS to begin, ~vlleii they were shippecl to Sul~station No. '7 a t  Sl)ur ,  
\rilere they were placed in  clry lots for intensive fattening. The I921 
steers were shipl)ed to Spur in  the spring of 1922 on account of droutli 
allcI short pastures a t  Sollorn that  season. They were grazed. on ratlicr 

; pastures a t  Spnr for about four months and then were give11 a 
ancntal ration of a small arrionnt of cottonseecl cake aiid Ilulls. 
were not actually started on full feed until nearly s i s  moiitl~s artcr 
~rrivecl a t  Spur. Tlle 1922 and 1923 steers and the five Callall 

vere placed i n  the feedlots immediately upon their arrival ancl 
arted on full feecl within less than two weeks after their arrival 
*. I,, The 1924 and 1925 steers were on a preliminary feed in  the 

l ~ d  at  Spur a little more than a month before full feeding began. 
926 steers were in  the feedlots a t  Spur  for more than two months 
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before full feeding began and, during more than a month of that pre- 
liminary feeding, their preliminary ration was a fairly heavy one. Thus 
they actually were fed for a longer time than the length of their formal 
feeding period would indicate. Ijuring the last month of this prelim- 
inary feeding period the three lots of SMS steers were nlso in the feed- 
lots and were receiving a fairly heavy preliminary ration. 

As these tests were primarily planned as breed tests, all of the steers 
of each breeding were used unless they seemed to be actually sick or so 
stunted that they would not be representative of normal cattle. I n  other 
words, the entire crop of normal steers was included. For this reason 
the lots were not quite as uniform in size or type as would have been 
desirable i n  a feeding test planned to test out the feeding value of some 
particular feed. On the other hand, there was available for each of these 
steers except t%e Callan and SMS steers a detailed record of parentage, 
birth weight, weights taken regularly about once in  every 45 to 50 days - from birth until the - a m w e n t  in the feedlot, and measurements and 
descriptions taken at intervals of approximately six months.\\ Since we 
had this individual 'case-history for each steer to supplement our judg- 
ment we feel that there is very little chance of our having included in 
these data a really abnormal steer. The most doubtful case included 
was one of the 1926 back-cross steers which seemed by all tests to be 
normal and healthy, but was over two months younger than the other 
four steers and therefore smaller and less well developed. The number 
of steers is quite small in  several lots but after the undesirable results 
with the 1923 steers, it was thought better to feed the steers available 
with known histories than, for the purpose of having larger groups, to 
buy steers which were out of other herds and were raised under some- 
what different conditions. As far as possible, by the use of appropriat; 
statistical methods, we have sought to evaluate and make allowance for 
the increased unreliability of averages which are based upon small 
numbers. 

'?I 
All the steers fed in any one year were fed the same feeds but each lot 

was kept on full feed according to its appetite. The aim was to feed 
L 

them all they would eat readily. To that end the feeder fed them as 
much as they would take and yet be hungry at  the next feeding. He 
watched them closely and if any showed loss of appetite or undue loose- 
ness of the bowels, the concentrates were promptly reduced for that lot 
and increased gradually after the trouble had been corrected. The 
feeds to be fed in any one year were determined by price and other 
local considerations. Information about the rations and other pertinent 
data about the feeding are given in  Table 1. \\ The grain was ground 
shelled corn for the 1921 steers and milo heads for all the rest. The 
milo heads were ground in all cases except the last SMS lot, to which 
they were fed whole. The roughage was cottonseed hulls for the 1921 
steers, cottonseed hulls and a little sorghum hay for the 1922 and 1923 

I steers, and sorgo fodder for all other lots. The sorgo fodder was chopped ' by being run through an ensilage cutter for all except the first lot of ! 



B
O
D
Y
 M

E
A

S
U

R
E

M
E

N
T

S
 O

F
 S

T
E

E
R

S
 D
U
R
I
N
G
 

IN
T

E
N

S
IV

E
 

F
A

T
T

E
N

IN
G

 
1
1
 

U
C

Y
 

+
2

g
 

0
 

g
: 

f! 
g 
2
 

a
Z

#
 

.+ 

o
m

s
 

Y
 

"
5

%
 

3
3

%
 

+
 

2 
2

 
-2 

'
+

5
 

2
 

9
 
g
 
'i; 

%
a

%
 

g
"

8
 

2
%
"
 

g
&

g
 

E 

4 
P

O
$

 

2
c

"
-

 
3 

$
2

 
e
 
;
 z 

5 
g 

8 
3
 

$ 
g 

2
~

5
 

a
 

B
S

 
$

z
$

 
3

 
", 
5
 

El - 
.E! 

2 
3

3
 a 

g
2

9
 

h
o

p
"

 

E
g

2
 

5
 2 .?

&
 

g 
22:: 

g 
9

~
3

%
 

~
B

.E
!W

 

s
g
z
 

- 



1 2  BULLETIN NO. 385, TEXAS AGRICULTURAL EXPERIMENT STATION 

SMS steers and the last lot of SMS steers. Where sick or abnormal 
steers were removed from a lot, the feed recorcls mere corrected by sub- 
tracting from the total feed consumecl that  proportion wliicll tlie areragc 
~ v ~ i g h t  of the steers removed collstjtuted of the average weight of t,l~c 
ril t,i re lot. 

DESCRIPTION OF MEASUREMENTS USED 

Sc~.enteen difftlrent linear measurements vere stuclicil. Two of tliesc 
(cannon circumference and midt l~  a t  pin hones) were taken on only five 
or tllc nineteen groups of steers. Three measurements prrtnining to the 
11oacI (muzzle circun~fcrence, length of head, and ~vicltl1 a t  eyes) were 
tnkcil 011 onl!+ seven groups oC steers. Ileight a t  hips was taken on only 
tliirtccn groups. Three measurements pertaining to t l l ~  rump region 
(~vi(lt11 :\t Iiooks, widtll a t  tlinrls or hip joint, and length of ~wlvisJ iS.cr.rrc 
tn1;t.n on sclrenteen groups. Tlie remaining cigllt measurements wrrc 
tnkcn on all nineteen groups of steers. 

The clifferent mcasuremcnts arc listed ancl descrihecl 1)eIo~v wit 
tinent rcnlnrks about their primary accuracy anci are illlistrat 
Figurcs 1 ancl 2. 

1. Chest Width. (Figure 2, W.) This vrns the greatest ~viclth or 
-, the chest mensnred just 1)ehinil tlic shoulclcrs. Cla1il)cll-s consisting of 

t ~ v o  ~)arallel  arms, the one s t a t i o ~ ~ a r y  ancl the other slitling, 011 a gradu- 
ntcd rod (Figure 3, A )  were usod I'or the measuring. There were tnro 
coilsic1ernl)le sources of error in this measurement. Tlie first was the 
ra rial)le anioun t of pressure used ill placing the calil)er arms snugly 
npninst the :~nimal. This could not be entirely standarilizeci no matter 
how c.areful the operator was. This was of little importance on tliin 
animals 1,nt mns of considerable importance on fa t  ones. The seconrl 
source ol' error T T ~ R S  in the position of the animal and the tenseness of 
tile muscles along its side. As far  as possible thc stetvs were p1act.d in 
a normal position hefore measuring and stoocl squarcly on a11 follr legs. 
Rut  these steers could not he posecl as carefully as sl.low aniinals and 
mnny of them were so ~vi ld  even ~v11en fa t  that  i t  mas al~solutely neces- 
sary to put them in  a chute and stanchion to measure them at  all. Tliis 
seconci source of error ~ t ~ a s  nlore important when the steers were thin 
tlian ~vhen they were f a t  ancl had become much gentler. This was the 
least accura te of all measurements taken, excepting possi1,ly nlid t11 at 
pin lmncs nrlicn the steers were fat. 

2. Loin Width. (Figure 2, L.) This was the wiclth of the loin at  a 
point mielway 1)etween the tliircl and fourth 1nml)nr vertel,rae, and tlierc- 
fore ahout lialf r a ?  1)etween the for~varcl edge of the pelvis and the rear 
edge of the last rib. The points of tlie caliper used (Figure 3, R )  mere 
pressed snugly against the sides of the loin but no more pressure was 
sisrrl tlian necessary to make sure that  the caliper points mere resting 
against solicl flesh. This mca~urement rlTas almost totally frec from 
the i11fluenc.e of variations in the positioil of ille animal lmt was su1)ject 
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to a considerable error in  the amount of pressure applied. Relative to 
its total size i t  v a s  one of the least accurate measurements. 

3. Heart Girth. (Figures 1 and 2, R.) This mas nlei~surcd with a 
sleel tape (Figure 3, D) drawn snugly around the l~otly in a ~)laiie pcr- 
pendicular to the long axis of the body a t  its smallest circumfere~icc, 
n-hicll is just 11el1 i~ld  the front legs. This mcasuremellt is very slightly 
affected by the :~ilin~al's position and by variations in  the tightness nriti) 
mhich the tapc was clrii~vi~ nrountl the body. This latter source of ~ r r o v  
was greater with the fa t  steers than with the thin ones. llelative to itc 
total sine this is one of the most accurate of the measurements stndi~rl .  

4. Flank Girth. (Figures 1 ancl 2, I<.) This was mcasurecl ~vitll t11c I 

steel tape drawn snugly around the body a t  its smallest circnniLcrcncc1 
just in front oC tllc hook hones a t  the top of the bocly and in tlie I~iglwst 
point in  the rear flank. Tlle plane of this measurement was not exactly 
perpenclicular to the long axis of the hocly, since i t  usually passed -ovc\r 
the hack a t  a point slightly farther forward than that  a t  which i t  passed 
under the hotly. This measurenlent was subject to some error From 
variations in  the position of the animal and also to small errors from 
uncontrolln1)le clifrerences in  the tightness wit11 which the tape wns 
(1 rnwn. 

5. Paunch Girth. (Figures 1 and 2, U.) This was measured ~vjt.11 
the steel tape nnil was the greatest circumference of the 1,ocly in any 
plane pe rpmdic~~la r  to the I~ody axis. It ~ v a s  affected somcnrliat 1)y the 
steer's position, varying a l~out  n centimeter wit11 each hreath. Ho~vever, 
tlie position of the steer's legs and heacl dicl not affect i t  very mncl\ nnct 
its accuracy approaches tha t  of the heart girth. 

6. Pelvis Width or Width at  Thurls. (Figure 2, .T.) This was 111cas- 
urecl ~vitll a e a l i p ~ r  (Figure 3, R )  with its points placer1 snugly just 
Iatcral to the hip joint on each side of the pelvis. I t  is very actcnralc 
011 thin steers hut on real f a t  ones some error can arise through failure 
to use exactly the same amount of pressure a t  each measuring. 

7. Width at Hooks. (Figure 2, H.) This was mcas~~rccl  wit11 a 
caliper (Figure 3, I3) From the extreme lateral point of the hooks 
(ilium) on one side to tlie corresponding point on the other sidc. T t  
mas a very accurate measurement since the steer's position diil not affect 
it a t  all and only a few of the very fattest steers succeeded in putting so 
muell fatty tissue on the outside of the points measurecl, that  cliffere~ices 
in the amount of pressure applied to the calipers had opportunity to 
cause any noticeable error. 

8. Depth of Chest. (Figure I, D.) This r n s  m~asnrecl with thc 
parallel 1mrs (Figure 3, A) .  It was the smallest, vevtical outside 
cliameter of tlie chest. This nleasurenlent T V ~ S  comparatircly accurnit3, 
1)eiilg affected only 1,y the varia1)lc amount of pressure. 
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Figure I.  Sideview 
MeasurementslStudled.1 

of Hereforc 1ISteer with Diagram Showing the Location of the'various 
E . t &mr 

Figure 2. lop. view of Hereford Steer with Diagram Showing the Location of 
Measurements Studled. 

the Variou! 
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9. Length of Pelvis. (Figures 1 and 2, Y.) This measurement was 
taken with a caliper (Figure 3, B) from the extreme posterior point of 
the pin bone (tuber ischii) to the extreme anterior point of the hook 
bone (ilium) on the same side, so far as that could be located definitely 
on the live animal. This measurement was rather accurate on the thin 
steers but there was a small amount of error with the real fat  steers in 
locating the exact anterior point of the measurement. 

10. Length of Body. (Figures 1 and 2, B.) This was measured 
with the parallel bars (Figure 3, A).  It was the distance, in a line 
parallel to the axis of the body, from the extreme anterior point of the 
shoulder point (tuberosity of the humerus) to the extreme posterior 
point of the pin bone (tuber ischii). It was subject to considerable 
error due to the position of the steer, but the abnormal position could 
be seen easily and its effects upon the measurement could be estimated 
fairly ~vell. 

Figure 3. Instruments Used for Measuring these Steers. A. Cattle Measuring Standard 
with spirit level attached, Lydtin's model. B, Caliper used for measurements of pelv~c reglon 
and for loin width. C, C.alipe~ used for measuring length of head and width a t  eyes. D, 
steel tape used for measuring g ~ r t h s  and circumferences. A large wooden callper (not shown 
in the picture) catalogued by the Central Scientific Company was used in place of instruments 
A, B, and C on the  very earliest groups of steers. 

11. Cannon Circumference. (Figure 1, V.) This measurement was 
taken with the steel tape pulled tightly around the foreleg at  the smallest 
place between knee and fetlock joint. It was most accurate in  absolute 
units and relatively more accurate than any other measurement except 
length of head. I t s  sources of error were possible failure to find the 
very smallest place on the cannon bone and differences in the tightness 
of the tape when the reading was taken. Also care had to be taken that 
there was no dried mud or other foreign matter under the tape. 
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12. Width at Pin Bones. (Figure 2, N.) This measurement was 
taken with the calipers (Figure 3, B) and was from the extreme lateral 
point of the pin bone (tuber ischii) on one side to the corresponding 
point on the other. I t  was comparatively accurate on very thin steers 
but was extremely inaccurate on fat steers because of the difficulty of 
locating the exact points from which the measurement was to be taken. 
It is certainly the most inaccurate measurement which was attempted 
on fat steers. 

13. Muzzle Circumference. (Figures 1 and 2, M.) This was taken 
with the steel tape drawn rather tightly around the nose (including the 
lower jaw) at  the smallest place just back of the nostrils. It was subject 
to considerable error in  the tightness of the tape and, in a few cases, 
there was some difficulty in getting the steers to hold their jaws closed 
in the normal position. 

14. Height Over Withers. (Figure 1, P.) This was the vertical dis- 
tance from the highest point over the withers to the ground. It is the 
most widely used measurement in  studies of animal form and quite fre- 
quently is used as the standard for reducing all other measurements to 
relative figures ( 7 ) .  I ts  accuracy is dependent upon the position of the 
steer but is very little influenced by differences in the pressure with 
which the arm of the measuring standard is applied and very little by 
any differences in  the tenseness of the steer's muscles. If the steer 
carries his head up, has his back level and his forefeet placed squarely 
under him, this is a very accurate and useful measurement. However, 
many of our steers were so wild that they could not be thus carefullv 
posed and it was often necessary to estimate what correction was needed 
for one which kept its head down or which persisted in pulling back 
against the stanchion. For this reason this measurement in these data 
was probably less accurate than that of height over hips. 

15. Length of Head. (Figures 1 and 2, A.) This was measured 
with a small straight-arm caliper (Figure 3, C )  and was the extreme 
length of the head from the highest point on the poll to the end of the 
muzzle, measured in a straight line parallel to the long axis of the front 
surface of the head. It was exceedingly accurate, being subject only to 
a very small error in the amount of pressure applied to the caliper arm 
which rested against the soft tissue of the muzzle. 

16. Height Over Hips. (Figure 1, T.) This was the vertical dis- 
tance from the highest point midway between the hooks to the ground. 
I ts  accuracy was very dependent upon the position of the steer but only 
slightly dependent upon fatness or tenseness of muscles. When i t  was 
found impossible to pose a steer in normal position, corrections due to 
the back being arched or to the hind legs being too far forward were 
estimated, probably with a higher degree of accuracy in these data than 
was possible for height over  ither hers. 
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17. Width at Eyes. (Figures 1 and 2, E.) This was measured with 
a small straight-arm caliper (Figure 3, C )  and was the greatest width 
of the head at a point about level with the eyes. Since the skull is rigid 
and has only a thin covering of skin at  this po-int, this measurement was 
quite accurate. 

The attempt was made to safeguard at  all times the accuracy of the 
primary measurements in every practical way. ' ' Each-measurement was 
taken three times and between times the measuring instrument was re- 
moved entirely from its position, so that any error which might have 
arisen through the incorrect placing of the instrument might be mini- 
mized. So far as i t  could be done without slowing down the work 
materially, the first readings were taken for all measurements in which 
the same instrument was used before the second readings were taken for 
any of them, and the second readings were all completed before any of 
the third readings were taken. By this device i t  was sought to give the 
observer time to forget the first reading and thus to remove any uncon- 
scious bias against a second reading which was materially different from 
the first. Also this gave the steer time to change position although 
many of them retained the same position throughout the measuring. 
The observer consciously refrained from looking at  the measurement 
scale until he was sure the instrument was in  proper position. This 
precaution was also planned to guard against any unconscious bias of the 
observer toward certain numbers or already recorded measurements. All 
measurements were made by the writer himself in all cases. 

t These various precautions went very far toward minimizing or elimi- 
nating all errors of measurement except those caused by the steer's fail- 
ure to stand in a perfectly normal position. No practical objective way 
to eliminate this source of error *was found. To have taken one reading 
of each measurement on a steer, then to have turned him loose and an 
hour or so later to have caught him again for the second set of measure- 
ments and to have repeated this later for the third set would have met 
this difficulty partially but was not feasible under the limitations of these 
experiments. Moreover, such a large amount of handling the steers 
seemed likely to interfere with other practical aspects of the experiment, 
such as the daily gains, amount of bruising shown by carcasses, etc., 
which seemed of mu'ch more importance than extreme refinement of 
accuracy in these measurements. 

Under these circumstances i t  is evident that the measurements involv- 
ing the least fat and muscle and affected by the angles of the fewest 
joints mere the most accurately taken. Unfortunately those are the 
measurements which give the least direct information about the disposi- 
tion of the lean and the fat tissue on the steer's body! 

The only available data designed primarily to show the accuracy of 
these various measurements were collected on Jersey cows. Those data, 
previously unpublished, are given in a summarized form in Table 2, and 
should give a rough guide to the comparative accuracy of the different 
measurements. They do not apply exactly, because the dairy cows 
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METHODS OF CALCULATION 

differed from the steers in general shape and also were gentle and cou: 
he posed in a position closely approaching normal. However, these data 
may apply fairly well to the thin steers. The figures mere obtained by 
measuring each of nine cows aged from two to thirteen years eleven times. 
Between measurements each cow was led off the platform where the 
measuring, was done and at least two other cows were measured before 
another set of measurements were taken on the first cow. For estimating 
the accuracy of the measurements, the resulting data are the statistica1 
equivalent of 91 sets of measurements taken on a single conr. The 
standard error of each measurement was calculated by methocls similar 
to those used in a previous study of the accuracy of meights(l3). The 
error thus found in centimeters, when multipliecl by 100 and divided by 
the average size of the corresponding measurement on the nine cows 
studied, becomes what we have termecl the "coefficient of error" in 
Table 2. This figure expresses the standard error of the measurement 
as a percentage of the average size of the measurement. It differs from 
the usual coefficient of variation in that this includes only the errors of 
measuring and changes in the cow's position and does not include any 
variation caused by real differences in the average measurements of the 
cows used. 
Table 2. Actual and Relative Errors of Various Measurements as Determined on Nine Dairy 

Cows in Fair Flesh. 

These measurements were studied not for any intrinsic interest attach- 
ing to the measurement itself, but for the information which that 
measurement might reveal about the changes in body shape or con- 
formation during the fattening period. I n  the idea of shape or con- 
formation i t  is not the absolute size of the measurement which matters, 
but i t  is the relative size of the measurement, relative, that is, to 
other measurements or to weight or to some other expression for the 

Measurement Studied 

HeadLength . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cannon Circumference. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Width a t  Hooks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Height o,ver Withers..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Heart Girth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Paunch Girth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Height over Hips. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pelvis Width.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Width a t  Eyes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Depth of Chest. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W ~ d t h  a t  Pin Bones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Flank Girth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Length of Pelvis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Loin Width. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Length of Body. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Muzzle Circumference. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chest Width.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Average Standard 
Dev~at lon of 

Measuremenfs 
Made Upon the 

Same Cow. 
(Centimeters) 

.22 

.08 

.31 

.92 
1 .37 
I .78 
1 .09 

.36 

.20 

.67 

.29 
1.90 

.61 

.48  
2 . 5 3  

.75 
1.30 

Coefficient of 
Error 

(per cent) 

.49 

.54 

.R7 

.77 

.83 

.87 

.90 

.91 

.93 
1.03 
1.09 
1.10 
1.26 
1.55 
1.79 
2.00 
3.68 . 
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general size of the animal. Thus we may have a large steer and a small 
steer of very similar conformation. The absolute measurements and 
the weights of the two steers will be very different but the ratios of one 
measurement to another will be very nearly the same for both steers. 
I n  studying changes in conformation, therefore, we are studying changes 
in the ratios of measurements rather than changes in  the measurements T-1 
tliiimselves. Conformation or shape is a matter of relative measurements. 

I n  such a study i t  is important that the best measurement or index 
of general size be chosen as the standard to which each of these measure- 
ments is to be compared. Thereea~ee_two s t a n d a r d s _ x a t h e . r ~ r a l l y  -- - 
used for this- purposeJ- namely, height over withers and weight. The 
former has certain mathematical acl<cntages and prohabb would be 
preferable with dairy cattle. However, the extreme importance of 
weight in feeding experiments with beef cattle and also the fact that 
weight is a good index of general size and in a way sums up the effects 
of all measurements, thereby minimizing the effects of individual varia- 
tion i11 any one or two measurements, seemed to compel the use of weight 
in this study as the standard with which to compare actual measure- 
ments. It seemed necessary to use the cube root of the weight rather 
than the weight for the following reasons. I In-two geometrically similar 
solids of uniform and equal densities, any linear aimGnsicki- of tEe one 
is in the same ratio to the correspoilding dimension of the other as tfie 
cube root of the weight,( (or volume_)_-&the first is to the other. Now 
while cattle have neither a uniform nor a- @onstmit density, yet that 
density probably does not vary widely(20) and it is scarcely possible 
that such variations as do occur will be large enough to affect very 
noticeably ratios derived from weights and linear measurements. For 
example, the process of fattening which might be expected to increase 
density by the deposition of fat  in  the spaces around the vital organs 
has also some compensating action in the opposite direction through 
the fact that the fatty tissue does increase the body dimensions some- 
what and has a lighter specific gravity than the rest of the animal tissues. 
It may be objected that we never have two steers which are exactly 
similar in the geometrical sense of the word. But that is exactly the 
point which we wish to study. A ratio is wanted which will reveal 
changes which take place in the geometrical shape of a steer's body 
when he changes from a thin condition to a very fat one rapidly. The 
most serious objection to this ratio (measurement to cube root-of weight) 
as an index of changing shape during fattening is that it also changes 
somewhat-with age ancl, on steers as young as these, the changes which 
mouahave occiirrx with the increase in  age during the three-to-four- 
month feeding period are distinctly noticeable. The observed changes 
in the ratios (luring fattening are, therefore, the combined results of 
age-changes and fatness-changes. The age-changes are, of course, less 
extreme on the older steers. illso many studies of age-changes have 
bevn made on other cattle, especially on dairy cattle. From these other 
st1 dies and from the observed cliffereilces in shape-changes in the older 
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and the younger steers in  this study a fairly satisfactory estimate can 
be made of the extent to which the observed changes in this study were 
really caused by increasing fatness independent of normal growth. 

The method of calculating the ratios is illustrated in Table 3 for some 
of the 1921 Herefords. 

Table 3. Illustrating the Method of Calculating the Ratios. 

The method of calculating the change in  ratios during fattening is 
illustrated in Table 4. 

Table 4. Change in Relative Width of Chest during Fattening. 1921 Hereford Steers. 

Steer Number 
h 

9 5 . .  .............. 
9 7 . .  .............. 
98. .  .............. 

101.. .............. 
102.. .............. 
103. .  .............. 

The usual biometrical formulae were used in  these calculati~ 
except that the idea which Fisher(6) calls "degrees of freedom" 2 

which in  its simplest form is expressed in  Bessel's formula was tal 
into account in  calculating the standard deviation. This seemed rat' 
important on populations as small as most of these were. While 
fact that we are dealing here with ratios and percentages might se 
to require the use of logarithms or reciprocals instead of the act 
figures, yet the ratios within any one group do not vary widely ~ U U  

individual percentage changes as large as 20.0 are quite rare. The use 
of the actual figures under these circumstances does not introduce any 
very noticeable error and does make calculation easier and  make^. i t  
possible for most readers to follow the argument much more easily tl an 

February 28-March 2, 1924 

ons 
~ n d  
ren 
her 

October 31-November 2, 1923 

Steer Number 

95:. . . . . . . . . . . . .  
97 . . . . . . . . . . . . . .  
98 . . . . . . . . . . . . . .  
101 . . . . . . . . . . . . . .  
102 . . . . . . . . . . . . . .  
102 . . . . . . . . . . . . . .  
103 . . . . . . . . . . . . . .  
106 . . . . . . . . . . . . . .  
107 . . . . . . . . . . . . . .  
108. . . .  : . . . . . . . . .  
109 . . . . . . . . . . . . . .  
110 . . . . . . . . . . . . . .  
1 1 1  . . . . . . . . . . . . . .  

Total. . . . . . . .  
Average. ..... 

Standard 
Deviation. ... 

Coeff~cient of 
Variation.. ... 

---- 
the 
em 
ual 
, -A 

Width of 
Chest 
(Centi- 

meten) 

31.03 
32.47. 
36.73 
30.63 
28.10 
30.97 

Ratio 

4.192 
?.X2! 

Width of 
Chest 

(Centl- 
met~rs) 

40.17 
41.07 
44.10 
40.67 
38.23 
42.73 

Difference 

+ .274 + .262 
+.lo4 + .472 + .533 + .702 
+.368 + .726 +. 539 + .628 
f.917 +. 492 
f.615 

6.632 
.510 

.220 

43.1% 

Ratio when 
- Thin 

3.918 
,4.066 
4.376 
13.987 
3.700 
3.700 
3.976 
13.570 
13.964 
3.703 
13.430 
h3.796 
14.043 

50.229 
3.864 

.247 

6.4% 

Percentage 
Change 

+ 7.0 + 6.4 + 2.4 
f11.8 
+14.4 
+19.0 + 9.3 
+20.3 
+13.6 
+17 .O 
f26.7 
+13.0 
+15.2 

+176.10 + 13.55 
6.48 

47.8% 

- 

Weight 
(Pounds) 

880 
854.7 
254 l58.7  
736.7 
914.7 

Ratio when 
Fat 

4.192 
4.328 
4.480 
4.459 
4.233 
4.402 
4.344 
4.296 
4.503 
4.331 
4.347 
4.288 
4.658 

56.861 
4.374 

.I57 

. 3.6% 

Cube Root 
of 

Weight 

9.583 
9.490 
9.844 
9.121 
9.031 
9.707 

Ratio 

- - ~ - ~ - ~ ~ ~ ~  
3.918 
4.066 
4.376 
3.987 
3.700 
3.700 

Weight 
(Pounds) 

496.7 
509.3 
591.3 
453.3 
438.0 
586.7 

Cube Root 
of 

Weight 

7.919 
7.986 
8.393 
7.682 
7.594 
8.371 



BODY MEASUREMENTS O F  STEERS DURING INTENSIVE FATTENING 21 

if logarithms or reciprocals were involved. There was a table similar 
to Table 4 for each group of steers for each measurement or 247 such 
tables in all. As it is not feasible to publish all those tables, the most 
essential items of information from each of them (the calculations a t  the 
bottom of the last column) are summarized in  Tables 5 to 21, inclusive, 
one table for each measurement studied. The figures in  that last column 
thus show the relative rates of increase in the measurement and in the 
cube root of the weight. If  the measurement and the cube root of the 
weight increase at the same rate during fattening the change in  the cubic 
ratio will be zero. That is what would happen if the increase in weight 
during fattening were equally distributed all over the body. Therefore 
percentage changes which are sensibly greater than zero indicate that the 
part measured increases in size during fattening relatively faster than 
the steer as a whole does. Likewise, percentage changes which are 
sensibly less than zero indicate that the part measured increases i n  size 
during fattening relatively less rapidly tha,n the steer as a whole does. 
A negative percentage change does not mean that the part measured has 
actually decreased in size. It merely means that that part has increased 
less rapidly than the weight has increased and presumably, therefore, that 
the increase in weight was deposited much more in  other parts of the 
body than it  was in the part described by that measurement. 

RESULTS 

Chest Width 

The data showing the percentage changes in relative chest width are 
given in Table 5. 

Table 5. Summar,y of Changes in Relative Chest Width during Fattening. 
I I I 

1921 Herefords. . . . . . . . . . . . . . . . . . . .  
1921 Brahmans.. . . . . . . . . . . . . . . . . . .  
1922 I-Ierefords. . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . . .  
1923 Herefords. . . . . . . . . . . . . . . . . . . .  
1923Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Pr~rchased Brahmans. . . . . . . . . .  
1924 Herefords. . . . . . . . . . . . . . . . . . . .  
1924 Brahmans. . . . . . . . . . . . . . . . . . . .  
1324 Back-crosses. . . . . . . . . . . . . . . . . .  
1925 Herefords. . . . . . . . . . . . . . . . . . . .  
1925 Brahmans. . . . . . . . . . . . . . . . . . . .  
1925 Back-crosses. . . . . . . . . . . . . . . . . .  
1926 Herefords. . . . . . . . . . . . . . . . . . . .  
1926Brahmans . . . . . . . . . . . . . . . . . . . .  
1926 Rack-crosses. . . . . . . . . . . . . . . . . .  
SRlS Ground heads. . . . . . . . . . . . . . . .  
SMS Ground ration.. . . . . . . . . . . . . . .  
SMS Unground ratlon. . . . . . . . . . . . . .  

Group. 

Total. . . . . . . . . . . . . . . . . . . . . . . . .  
We~ghted Average. . . . . . . . . . . . .  

I n  every group but one, chest width increased more rapidly than 
weight did. There is unmistakable evidence of group heterogeneity, 

- . _ . 

Number of 
Steers Included Average Change 

Standard 
Deviation 
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according to Fisher's Z-test for significance of difference in variance. 
I n  fact, Z is more than three times as large as the limit beyond which P 
falls below .05. (P is the probability on a scale of zero to 1.00 that all 
these groups of steers were random samples taken from the same popula- 
tion, so far as this measured characteristic was concerned.) I t  is clear 
that the averages of the different groups differ from each other far more 
than would be caused by errors of sampling from a single homogeneous 
population. For this reason a calculated probable error or coefficient of 
variation for this weighted average does not have quite the usual sig- 
nificance. The size of the weighted average itself depends upon the 
character of the different groups of steers which were included in its 
calculation. Thus, if more groups like the 1921 and 1922 steers had 
been included the average change would have been larger while if more 
groups like the SMS steers had been included the average change would 
have been less. The close correspondence between the average changes 
made by groups of the same age and fed during the same feeding period 
is good evidence that the age and condition of the steers and the condi- 
tions peculiar to each feecling trial had a marked influence upon the 
amount of the average change. This similarity of the changes made 
by groups of the same age fed at the same time is very noticeable in all 
except the 1923 and 1924 steers, where conditions peculiar to each group 
of steers seem to have been more important in determining the average 
amount of change than were conditions which applied to all the steers 
of the same age which were being fed at the same time and measured at 
the same time. The calculated probable error expresses only the error 
of sampling within each group. It is a measure of the net effect of two 
classes of errors,-the errors in taking the measurement when the steers 
were either thin or fat  and sampling errors arising from the fact that 
not all steers within the same group changed a t  the same rate either in 
measurements or in weight. The calculated average and the probable 
error are subject to the usual interpretation when applied to samples 
from a universe consisting only of the nineteen populations from which 
these nineteen groups actually studied were (presumably) random 
samples, and only when the sample contains the same proportion of 
steers from each of these various populations as was contained in the 
sample of 185 steers from which this average and this probable 

. .were calculated. It is not safe to generalize from these figures 
the relative chest width of all steers fed for 110 to 120 days incr 
about 9.3 per cent during fattening. It probably is safe or at  
is much safer to generalize to the extent of saying that in all fattc 
steers the relative chest width increases faster than the relative 
depth or relative body length (to be shown later). 

These same limitations apply to the interpretation of the ave~s~gt: 
change of the other measurements still to be shown. Measurements 
taken on all nineteen groups of steers can be compared directly. Those 
which were taken on only seventeen groups or fewer must be discussed 
with additional reservations. 

error 
that 

eases 

tning 
chest 
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There seems to be no breed difference in the changes in relative chest 
width. There are six comparisons between Herefords and entirely com- 
parable groups of Brahmans. I n  five of these the Brahmans show the 
greater increase but the 1924 Herefords show so much greater increase 
than the 1924 Brahmans that the average difference (regarding each 
group as a unit) is 1.18 per cent and the Herefords show the greater 
increase. This difference is quite without significance, P being between 
.TO and .75 (Fisher's modified "Students method"). 

From the individual ratios it is very evident by inspection that there 
is a very low correlation or even a negative correlation between the thin 
and fat ratios of each animal. This seems to mean that there is a large 
error in taking the primary measurement. A relatively narrow chest 
width when the steer is thin might be due either to a chest which was 
actually quite narrow or it might be due to errors in  taking the measure- 
ment. If due to the former it  would be expected still to be relatively 
narrow when the steer becomes fat although of course i t  may not be 
impossible for some narrow-chested steers a t  the beginning of feeding 
actually to surpass the average steers of their lot in the width of chest 
before the feeding period is ended. On the other hand, if the error 
in taking measurement is very large, an apparently narrow-chested steer 
a t  the beginning is apt to have been nearly an average steer and is almost 
as apt to receive a wide measurement as a narrow one when fat. These 
correlations were not all calculated but the one for the largest group (the 
17 head of 1926 Brahmans) was found to be -.006. From inspection 
of the ratios in other groups this correlation seemed to be fairly typical 
of the general situation. 

The changes in relative chest width during fattening may be summed 
up by saying that this measurement increases much more rapidly than 
weight does and in fact more rapidly than any other measurement in- 
cluded in this study. It is, however, a very erratic measurement, and 
hence very limited in usefulness as an indicator of fatness in  single 
steers. Most of the wide variation in this measurement is tentatively 
ascribed to primary errors in measuring. Probably it would be found to 
be much more reliable on thoroughly gentle steers and if the measuring 
instrument used has larger contact surfaces, so as to minimize differences 
in the pressure with which the instrument is applied. 

Loin Width 

The summary of the data showing the changes in  relative loin width 
is given in Table 6. 

I n  all but two of the groups the loin width increased faster than the 
weight did. The two exceptions are both groups containing very small 
numbers and one of them (the 1923 purchased Brahmans) was quite 
different from the other groups in respect to gains and most of the shape 
changes. The changes show onlv about half as large a standard devia- 
tion as the changes in chest width. Next to chest width this measure- 
ment shows a greater increase during fattening than any other of the 
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measurements studied. Fattening is distinctly a process which widens 
the loin. 

The nineteen groups of steers do not form a homogeneous population. 
(Z is more than three times as large as it is at  the point where P falls 
to .05.) Special circumstances applying to individual groups or to 
certain ages or to certain feeding seasons have much to do with detcr- 
mining the value of the average changes in relative loin width. 

Table 6. Summary of Changes in  Relative Loin Width during Fattening. 

The summary of data showing the changes in relative heart girth is 
given in Table 7. 

Except for the six groups fed during the last season and one other 
small group, the change is distinctly positive although i t  is smaller than 
in  the case of the two measurements already discussed. The nineteen 
groups are very distinctly not samples from a single homogeneous 
population. Z is nearly four times as large as it is at  the limit at  which 
the probability of the population being a homogeneous one falls below 
.05. A considerable part of this heterogeneity is caused by conditi~ns 
common to all lots fed at the same time. Thus all but one of the last 
six lots (fed in  the winter of 1926-27) show very small changes, while 
both the first two lots show large changes. All but one lot of the 1922 
and 1923 steers (fed in the winter of 1924-25) show large changes and 
all but one lot of the 1924 and 1925 steers (fed in the winter of 1925-26) 

Group - 
1921 Herefords. . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
1922 Herefords. . . . . . . . . . . . . . . . . . . .  
1922Brahmans .................... 
1923 Herefords. ................... 
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans. . . . . . . . . .  
1924 Herefords. . . . . . . . . . . . . . . . . . . .  
1924 Brahmans . . . . . . . . . . . . . . . . . . . .  
1924 Back-crosses. . . . . . . . . . . . . . . . . .  
19'25 Herefords. . . . . . . . . . . . . . . . . . .  : 
1925 Brahmans.. . . . . . . . . . . . . . . . . . .  
1925 Bacli-crosses. . . . . . . . . . . . . . . . . .  
1926 Herefords. . . . . . . . . . . . . . . . . . . .  
1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
1926 Back-crosses. . . . . . . . . . . . . . . . . .  
ShTS Ground heads. . . . . . . . . . . . . . . .  
SMS Ground ration.. . . . . . . . . . . . . . .  
SMS Unground ration.. . . . . . . . . . . . .  

......................... Total. , Weighted average. . . . . . . . . . . . . .  

There is a suggestion of a breed difference in this measurement. I n  
five of the six comparisons the Herefords increased more than the 
Brahmans did. The average difference (giving each group equal 
weight) is 2.9 per cent but P is about .I6 and therefore this difference 
cannot be regarded as surely significant. I t  suggests a breed difference 
but does not prove one. 

Heart Girth 

Number of 
Steers Included 

13 
9 

14 
8 

10 
5 
5 

10 
14 
4 

10 
14 
4 

13 
17 
5 

10 
10 
9 

184 

Average Change 

4-7.6 
+6.9 
+6.1 
+2.8 
+6. 9 

-3.1 
-1.6 
+3.1 
+0.4 
-1-3.4 
+1.3 
+3.2 
+3.3 
+9.0 
4- 6.7 
+5.8 
+9.6 
4-9.3 
+7.5 

+5.18& .22 

Standard 
Deviation 

5.0 
7.3 
5.8 
5.7 
4.1 
2.9 
2.1 
4.9 
4.1 
4.0 
3.5 
3 .5  
2 .8  
4.0 
4.1 
3.5 
4.9 
1.9 
2.4 

4.39 
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Flank Girth 

show positive changes of a medium size . There is a suggestion of a 
breed difference here . The six Hereford groups averaged . 77 more in- 
crease than the six comparable Brahman groups . However. this differ- 
ence is not convincing because the probability is about . 12  that a differ- 
ence this large or larger in either direction could have been the result of 
chance . The data suggest but do not prove that the Herefords in- 
creased more rapidly in heart girth than the Brahmans . 

Table 7 . Summary of Changes in Relative Heart Girth during Fattening . 

Standard 
Deviation 

2.4 
2.0 
1.8 
2.4 
2.2 
2.6 

.9 
2.2 
1.2 
1.9 
1.6 
2.0 
1.3 
1.5 
2.3 
1.8 
1.3 
2.1 
1.4 

1.92 

The summary of data showing the changes in relative flank girth is 
given in Table 8 . 

Table 8 . Summary of Changes in Relative Flank Girth during Fattening . 

Average Change 

+3.3 
+2.8 
+4.1 
+3.2 
+3.0 + . 8 
+2.5 
+2.8 
+l . 0 
+2.4 
+1.6 
+2.1 . 2 + . 2 + . 4 . 7 . 6 - + . 3 

-1 8 

+1.55f . 10 

Group 

1921 Herefords . . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
1922 Herefords . . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Herefords . . . . . . . . . . . . . . . . . . . .  
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans . . . . . . . . . .  
19'24 Herefords . . . . . . . . . . . . . . . . . . . .  
1924 Brahmans . . . . . . . . . . . . . . . . . . . .  
1924 Back.crosses . . . . . . . . . . . . . . . . . .  
1925 Herefords . . . . . . . . . . . . . . . . . . . .  
1925 Brahmans . . . . . . . . . . . . . . . . . . . .  
1925 Back.crosses . . . . . . . . . . . . . . . . . .  
1926 Herefords . . . . . . . . . . . . . . . . . . . .  
1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
1926 Rack.crosses . . . . . . . . . . . . . . . . . .  
SMS Ground heads . . . . . . . . . . . . . . . .  
SMS Ground ration . . . . . . . . . . . . . . . .  
SMS Unground ration . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average . . . . . . . . . . . . . .  

Number of 
Steers Included 

13 
10 
14 
8 

10 
5 
5 

10 
14 
4 

10 
14 
4 

13 
17 
5 

10 
10 
9 

185 

Standard 1 
Devlatlon 

2.7 
3.9 
2.0 
4.6 
2.9 
4.3 
1.7 
2 .5  
1.8 
2.9 
2.8 
2 .8  
4.6 
2 .1  
2.4 
2.4 
2.8 
3.2 
3.6 

2.88 

Group 

1921 Herefords . . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
1922 Herefords . . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Herefords . . . . . . . . . . . . . . . . . . . .  
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans . . . . . . . . . .  
1924 Herefords . . . . . . . . . . . . . . . . . . . .  
1924 Brahmans . . . . . . . . . . . . . . . . . . . .  
1924 Back-crosses . . . . . . . . . . . . . . . . . .  
1925 Herefords . . . . . . . . . . . . . . . . . . . .  
1925 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Back-crosses . . . . . . . . . . . . . . . . . .  
1926 Herefords . . . . . . . . . . . . . . . . . . . .  
1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
1926 Back-crosses . . . . . . . . . . . . . . . . . .  
SMS Ground heads . . . . . . . . . . . . . . . . .  
SMS Ground ra t~on  . . . . . . . . . . . . . . . .  
SNIS Unground ration .............. 

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average . . . . . . . . . . . . . .  

Number of 
Ste.ers Included 

13 
10 
14 
8 

10 
5 
5 

10 
14 
4 

10 
14 
4 

13 
17 
5 

10 
10 
9 

185 

Average Change 

+2.7 
f . 5 
+4.2 
+2.1 
+2.2 . 6 
-2.1 
+3.9 + . 8 
f2 .5  + -6  
+1.7 - . 8 . 1 - 

-3.0 
-1 9 
+2.4 
f . 3 + . 6 

+ . 97f . 14 
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The average change is distinctly positive although a good many of 
the single groups are negative. The entire population of 185 is q~ 
heterogeneous, Z being about three times as large as i t  is at the li: 
where P falls below .05. 

lite 
mit 

There is good evidence of a breed difference in this measuremc 
The unweighted average of the six Hereford groups is +,'1.98 grea 
than the unweighted average of the six corresponding Brahman groc 
The probability of a difference this large or larger occurring just a 
matter of chance is .03. The difference is therefore statistically r 
nificant and we may conclude that the Herefords do increase faster tl. 
the Brahmans in relative flank girth. Several reasons for this difl 
ence may be suggested. It is barely possible that the Brahmans 
account of their greater wildness, especially when thin, hold their f l a l l~  
muscles much more tense when being measured and thus h a ~ e  a larger 
measurement when they are thin than the Herefords do. When the 
Brahmans become fat  the flanks are fuller and lower aiicl such tenseness of 
muscles mould hardly influence the measurements at  all. While this 
possibility must be admitted, in the author's opinion another explana- 
tion is much more plausible. The Brahman normally carries a fuller 
flank and a smaller paunch relative to general size than the Hereford 
does. When thin the Hereford becomes quite small and "drawn" in 
the region of the rear flank. Not so with the Brahman, which has a 
confornlation more like that of the hog or the horse in  this respect. The 
thin Brahman has a larger relative flank girth than the equally thin 
Hereford, whereas when fat there is not much difference in this respect. 
The apparently greater increase of the Herefords in flank girth is, in 
the author's opinion, a real one and is due to the fact that the Brahmans 
do not shrink as much as the Herefords do in flank girth when th;- 
The back-cross steers were intermediate in this respect, averagl 
somewhat more nearly like the Brahmans but being quite irregular. 

Flank girth is a considerably more variable measurement than he 
girth, due largely to the greater influence of the animal's position uI 
the accuracy of the flank girth measurement. Since it also increa 
less with increasing fatness, flank girth is, for most purposes, a 6 
tinctly less useful measurement than heart girth is. It is quite lik 
that variations in the amount of stomach and intestinal contents ("fill") 
would materially affect both this measurement and paunch girth. 

'% 

Ian 
ier- 
on 

1- 

ing 

art 

ses 
lis- 
ely 

Paunch Girth 

The summary of data showing the changes in relative paunch girth is 
given in Table 9. 

The average change is negative hut is so irregular and so small relative 
to its probable error that it is quite insignificant even apart from the 
fact that the nineteen groups of steers are not random samples from a 
single homogeneous population. Z is more than three times as large as 
it is a t  the limit for which the probability that this population is 
homogeneous falls below .05. The reasons for this heterogeneity are 
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not clear, but they seem to be associated with age and with the conditions 
which pertained to each feeding period and to each time of measurement. 
This is shown by a very general tendencr for the Hereford and the 
Brahman groups which were born in the same year to resemble each 
other very closely in  the average changes which they made. 

Table 9. Summary of Changes in Relative Paunch Girth during Fattening. . 

Group 

1921 Herefords. . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
1922 I-Ierefords . . . . . . . . . . . . . . . . . . . .  
1922 Brahmans.. . . . . . . . . . . . . . . . . . .  
1923 Herefords. . . . . . . . . . . . . . . . . . . .  
1923Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans. . . . . . . . . .  
19'24 Herefords. . . . . . . . . . . . . . . . . . . .  
1924 Brahmans. . . . . . . . . . . . . . . . . . . .  
1924 13ac k-crosses. . . . . . . . . . . . . . . . . .  
19'25 I-Ierefords. . . . . . . . . . . . . . . . . . . .  
1925 Brahmans. . . . . . . . . . . . . . . . . . . .  
19'25 Back-crosses. . . . . . . . . . . . . . . . . .  
1926 Herefords. . . . . . . . . . . . . . . . . . . .  
1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
1926 Back-crosses. . . . . . . . . . . . . . . . . .  

. SMS Ground heads. . . . . . . . . . . . . . . .  
SMS Ground ratlon.. . . . . . . . . . . . . . .  
SMS Unground ration. . . . . . . . . . . . . .  - 

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average.. . . . . . . . . . . . .  

There is fair but hardly conclusive evidence of a breed difference. The 
unweightecl average decrease of the six Brahman groups is 1.25 more 
than for the comparable Hereford groups. The probability that this 
large a diflerence could be clue to chance alone is about .Or.  Unpub- 
lished slaughter data show that the Brahmans have very distinctly 
smaller digestive tracts. This is, in the author's opinion, the explana- 
tion of why the Brahmans show a greater relative decrease in  paunch 
girth during fattening. Their digestive tracts have not the ability to 
grow as large under conditions of full feecling as do the digestive tracts 
of the Ulerefords. This explanation is also supported by the fact 
(evident in Table 1) that the daily feed consumption of the Herefords 
in proportion to their live weight was greater in every case than that of 
the Brahmans when both lots were fed according to appetite. However, 
the back-cross steers show an increase in  relative paunch girth whereas 
both the Hheford and the Brahman comparable groups show a distinct 
decrease. 

Pelvis Width 

The summary of data showing the changes in relative pelvis width is 
given in Table 10. Measurements of pelvis width were not made on the 
1921 steers. 

The average change in pelvis width is negative but is so small that it 
.could not be considered significant. even if the entire population had 
proved to be homogeneous in this respect. There is unmistakable evi- 

Number of 
Steers Included 

13 
10 
14 
8 

10 
5 
5 

10 
14 
4 

10 
14 
4 

13 
17 
5 

10 
10 
9 

185 

Average Change 

-2.5 
-3.8 
+5.2 
f3.9 
+1.7 

.8  - 
-3.3 
+1.9 

.4  - 
+ . 9  

. 6  - 
f . 6  
+l . t i  

-6.2 
-5.4 
-1.9 
+3.9 
+1.1 
+2.3 

- .35f  .15 

Standard 
Deviation --- 

3 . 2  
2 .2  
3.4 
4.4 
2 . 3  

F.4 2.3 
1.9 
2 .8  
1 .2  
1 .5  
2 .8  
4 . 1  
3.0 
4.6 
1.7 
1 . 8  
3 .3  

- 1 . 8  

2.97 
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dence of group heterogeneity, Z being more than three times as large as 
it is a t  the limit a t  which the probability of the entire group being a 
homogeneous one falls below .05. 

Table 10. Summary of Changes in Relative Pelvis Width during Fattening. 

There is no evidence of a breed difference in this respect, as the 
probability is somewhat greater than + .YO that an average difference 
as large as or larger than the observed difference could easily have, 
arisen by chance alone. 

There is no clear-cut evidence of an age difference. Conditions pe-. 
culiar to the 1925-26 feeding period seem to have had an important 
effect as f i ~ e  of those six groups show large positive changes and only- 
two other groups show any positive changes at  all. 

Pelvis width seems to almost or not quite keep pace with increasing. 
weight during fattening. 

Width at Hooks 

Standard 
Deviation 

The summary of data showing the changes in  relative width at hooks 
is given in  Table 11. Measurements of width at hooks were not made 
on the 1921 steers. 

Again the statistical test shows that these 17 groups do pot form a 
single homogeneous group in this respect, Z being nearly three times as 
large as the limit for which the probability of homogeneity falls below 
.05. The average change is positive but this fact can be regarded as 
significant only within the limits prescribed by the evident heterogeneity 
of the population. 

The Brahmans show a more rapid increase than the Herefords in 
width of hips but this difference seems likely to have been quite acci- 
dental, the probability of that being .2O. 

Average Change Group 
Number of 

Steers Included 

1922 Herefords. . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Herefords. . . . . . . . . . . . . . . . . . . .  
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans. . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  1924 Herefords. 
1924 Brahmans . . . . . . . . . . . . . . . . . . . .  
1924 Rack-crosses. . . . . . . . . . . . . . . . . .  
1925 Herefords. . . . . . . . . . . . . . . . . . . .  
1925 Brahmans.. . . . . . . . . . . . . . . . . . .  
19'25 Hack-crosses. . . . . . . . . . . . . . . . . .  
1926 Herefords. . . . . . . . . . . . . . . . . . . .  
1926 Brahmans. . . . . . . . . . . . . . . . . . . .  
1026 Baclc-crossses . . . . . . . . . . . . . . . . .  
Sh?S Ground heads.. . . . . . . . . . . . . . .  
SMS Ground ration. . . . . . . . . . . . . . . .  
SMS Unground ration. . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average. . . . . . . . . . . . . .  

14 
8 

10 
5 
5 

10 
14 
4 

10 
14 
4 

13 
17 
5 

10 
10 
9 

162 

-1 3 
-2.1 
-2.0 
-1 8 
4 . 2  
-1 .O 
+3.2 
+3.0 
+2.4 
+1.2 
f3.6 
+1.3 
f .8 

-3.4 
-2.3 
-1 2 - .5 

- .05&.14 

3.8 
2.9 
2.4 
2.4 
3.7 
2.8 
2.9 
3.6 
2.8 
3.4 
3 .1  
2.4 
1.3 
4.5 
1.1 
2.0 
1.4 

2.73 
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Table 11. Summary of Changes in Relative Width a t  Hooks during Fattening. 
I I 

. . . . . . . . . . . . . . . . . . .  1922 Herefords. 
. . . . . . . . . . . . . . . . . .  1922 Brahmans.. 

. . . . . . . . . . . . . . . . . . .  1923 Herefords. 
. . . . . . . . . . . . . . . . . . .  1923 Brahmans. 

. . . . . . . . .  1923 Purchased Brahmans. . . . . . . . . . . . . . . . . . . .  1924 Herefords. 
1924 Brahmans . . . . . . . . . . . . . . . . . . . .  
1924 Back-crosses. . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  1925 Herefords. 
. . . . . . . . . . . . . . . . . .  1925 Brahmans.. 

1925 Back-crosses.. . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  1926 Herefords. 
. . . . . . . . . . . . . . . . . . .  1926 Brahmans. 

. . . . . . . . . . . . . . . . .  1926 Back crosses. 
. . . . . . . . . . . . . . .  SMS Ground heads. 
. . . . . . . . . . . . . . .  SMS Ground ration. 

. . . . . . . . . . . . .  SMS Unground ration. 

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  Weighted average. 

Group 
Standard 
Deviation 

Number of 
Steers Included Average Change I- 

There seems to be an age difference here because the last nine groups 
(all of which were younger than the first eight groups) show positive 
changes which are rather large in most cases. New-born and very young 
calves are relatively narrow at  the hooks and wide at the thurls. From 
about weaning time to sexual maturity this condition is rapidly reversed 
in steers and still more rapidly in heifers. The younger groups of steers 
i n  this study were fed during that period of their normal growth when 
the hooks are widening very rapidly to meet the demand of the body for 
wider and stronger places of attachment for the muscles and other 
tissues which are to support the rapidly increasing weight and volume 
of the digestive organs(?'). I n  view of this special condition applying 
to width at hooks, the positive sign of the weighted average change 
should probably be interpreted as due more to normal growth in this 
measurement than to a direct effect of fattening itself. 

Depth of Chest 

The summary of data showing the changes in relative depth of chest 
i s  given in Table 12. 

The general change is distinctly negative, only one group showing a 
positive change and that a very small change. The changes made by 
the different groups are quite uniform in  amount except for the rather 
large decreases shown by the 1924 steers and the rather small decreases 
shown by the 1925 steers. No explanation is suggested for the divergence 
of these steers from the general trend. The 1924 and 1925 steers were 
measured and fed at the same time and therefore any effect of season or 
feed or peculiarity in the taking of the measurement should have been 
the same for those groups. 

Even including the 1924 and 1925 steers, heterogeneity is less extreme 
than in the case of the measurements thus far discussed. When all 19 
groups are included Z is about one and a half times as great as it is at  
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Table 12. Summary of Changes in Relative Depth of Chest during Fattening. 
I I I 

Number of Standard 
Group / Steers Included 1 Average Change I Dev~atlon 

1921 Herefords. . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  1922 Herefords. 
1922 Brahmans. . . . . . . . . . . . . . . . . . . .  
1923 Herefords. . . . . . . . . . . . . . . . . . . .  
1923 Brahmans. . . . . . . . . . . . . . . . . . . .  
19'23 Purchased Brahmans. . . . . . . . . .  
1924 Herefords. . . . . . . . . . . . . . . . . . . .  
1924Brahmans . . . . . . . . . . . . . . . . . . . .  
1924 Rack-crosses. . . . . . . . . . . . . . . . . .  
1925 Herefords. . . . . . . . . . . . . . . . . . . .  
1925 Brahmans. . . . . . . . . . . . . . . . . . . .  
1925 Rack-crosses. . . . . . . . . . . . . . . . . .  
1926 Herefords. . . . . . . . . . . . . . . . . . . .  
1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
1926 Back-crosses. . . . . . . . . . . . . . . . . .  
SMS Ground heads. . . . . . . . . . . . . . . .  
SMS Ground ra ion. . . . . . . . . . . . . . . .  
SMS Unground ration. . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . .  Weighted average.. 

the limit for which the probability of homogeneity falls below .05. With 
the 1924 and 1925 steers excluded, the other thirteen groups seem to 
form a homogeneous population with regard to changes in  relative chest 
depth. This seems to suggest strongly that relative chest depth is very 
little influenced by age, breed, or the other special conditions peculiar 
to each groap of steers. Fattening is very muck less a matter of deepen- 
ing than it is of widening the chest. 

There is no evidence -of - a breed difference. The Herefords show a 
little less extreme decrease in relative chest depth than the Brahmans 
do but the probability that a difference this large or larger could occur 
by chance alone is more than .80 and the difference therefore is utterly 
without significance. 

Length of Pelvis 

The summary of data showing the changes in  relative length of pelvis 
is given in  Table 13. Measurements of length of pelvis were not made 
on the 1921 steers. 

The general change is distinctly negative although three groups are 
faintly positive and there is a very great variation in the size of the 
different group averages. 

Heterogeneity is very marked, Z being nearly four times as large as 
it is a t  the point for which the probability of homogeneity falls below 
.05. Some of this appears due to influences operating on all the groups 
fed at  the same time. Thus all six groups fed the last season have 
rather small changes. This falls far short of explaining all the 
heterogeneity, however, as the different 1922 groups and also the differ- 
ent 1925 groups differed widely from each other. The unreliability of 
the individual measurements is not a satisfactory explanation of 
this heterogeneity, for the standard deviation is rather small and the 
measurement seems to have been a rather accurate one. 
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Table 13 . Summary of Changes in Relative Length of Pelvis during Fattening . 

Group . 
1922 Herefords . . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Herefords . . . . . . . . . . . . . . . . . . . .  
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans . . . . . . . . . .  
1924 I-Ierefords . . . . . . . . . . . . . . . . . . . .  
1!324 Brahmans . . . . . . . . . . . . . . . . . . . .  
1924 Back-crosses . . . . . . . . . . . . . . . . . .  
1925 Herefords . . . . . . . . . . . . . . . . . . . .  
1925 Brahmans . . . . . . . . . . . . . . . . . . . .  
1925 I3ack.crosses . . . . . . . . . . . . . . . . . .  
1926 Herefords . . . . . . . . . . . . . . . . . . . .  
1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
1926 Back.crosses . . . . . . . . . . . . . . . . . .  
SMS Ground heads . . . . . . . . . . . . . . . . .  
SMS Ground ration . . . . . . . . . . . . . . . .  
SMS Unground ration . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average . . . . . . . . . . . . . .  

There is no good evidence of a breed difference. for. while the Here- 
fords show the greater decrease. a difference that large or larger might 
be expected by chance alone 'to occur 46 times out of a hunclrea . The 
greater droopiness of the.Brahman rumps may have led to a greater- 
error in taking this measurement on them but there is no apparent 
reason why that error should have been consistently biased in one direc- 
tion on one group of Brahmans and in the other direction on other 
groups of Brahmans . 

Length of Body 

Number of 
Steers Included 'Average Change 

The summary of data showing the changes in relative length of body- 
is given in Table 14 . 

Standard 
Dev~ation 

..... 

Table 14 . Summary of Changes in Relative Length of Body during Fattening . 

I- 

Number of Standard 

-- Group Steers Included Average Change Deviat~on I _I I 
1921 Herefords . . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
1922 Herefords . . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Herefords . . . . . . . . . . . . . . . . . . . .  
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans . . . . . . . . . .  
1924 Herefords . . . . . . . . . . . . . . . . . . . .  
1924 Brahmans . . . . . . . . . . . . . . . . . . . .  
1924 Back.crosses . . . . . . . . . . . . . . . . . .  
1925 Herefords . . . . . . . . . . . . . . . . . . . .  
1925 Brahmans . . . . . . . . . . . . . . . . . . . .  
1925 Back.crosses . . . . . . . . . . . . . . . . . .  
1926 Herefords . . . . . . . . . . . . . . . . . . . .  
1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
1926 Back.crosses . . . . . . . . . . . . . . . . . .  
SMS Ground heads . . . . . . . . . . . . . . . .  
SMS Ground ration . . . . . . . . . . . . . . . .  
SMS Unground ration . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average . . . . . . . . . . . . . .  -3.53f . 16 I 185 I 3.15 
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The change is very distinctly negative in all except the six lots 
the last season. I n  three of those i t  is actually positive although very 
.slight. The generally slight change in the last six groups is doubtless 
largely due to the facts that'those steers were quite young and also made 
relatively smaller gains than most of the other groups. It seems safe 
to conclude that as a general rule body length increases during fattening 
.at a distinctly slower rate than weight does. 

The evidence for heterogeneity is quite convincing, Z being more than 
four times as large as it is at  the limit a t  which the probability of 
homogeneity falls below .05. This is not all due to the slight changes 
-of the six groups fed during the last year. The remarkable difference 
between the two 1921 groups and that between the comparable 1924 
groups are probably too great to be explained as errors of random 
sampling from a single homogeneous population. Whatever may be the 
causes, this group heterogeneity is very evident. 

There is no good evidence for a breed difference. The Herefords 
show a little greater decrease but the probability of a difference this 
large or larger occurring as a matter of chance alone is .53 and therefore 
the observed difference is without significance. 

There is a slight general tendency for the older groups of cattle to 
show the greater decreases but the statistical significance of this is very 
.doubtful. 

Measurements of body length are subject to considerable inaccuracg 
a n  account of changes in the animal's position. Not only does the posi- 
tion of the front feet affect this measurement on account of carrying 
the shoulder point forward or backward, but the humping or swaying 
.of the back and the position of the pelvis in  connection with the bending 
.of the back or with the position of the hind feet also affects the measure- 
ment of body length greatly. With animals as wild as some of these 
(especially the Brahmans) were, the inevitable failure to get the animals 
posed in exactly comparable positions at all times may have been respon- 
sible for very much of the variation in  results. Theoretically this meas- 
-urement should be one of the most reliable indications of general animal 
size, and probably it will be found more useful for well-trained and gentle 
.animals than these figures indicate. 

Cannon Circumference 

The summary of data showing the changes in relative cannon circum- 
ference is given in  Table 15. Cannon circumference was measured at 
both the beginning and end of the feeding period in only one feeding 
,-season. This measurement had been included in the original plan of 
the experiment as an indicator of that characteristic known to practical 
cattlemen as "size of bone." I t  was seen at once that the change was 
certain to be negative but that=.cannon size, unlike wither height and 
.some other measurements, might be affected hy the increasing weight of 
the animal. The cannon bones might require to be larger to support 
t he  increases in  body weight caused by increasing fatness. For this 
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reason it  was felt certain that relative cannon circumference would prove. 
to be intermediate in changes during fattening between wither height 
and the measurements more directly dependent upon body size. Accord-. 
ingly, observations were not taken on it at  later feeding trials. 

Table 15. Summary of Changes in Relative Cannon Circumference during Fattening. 

The changes are all negative and strongly so. The five groups are not 
a homogeneous population, Z being nearly twice as large as it is a t  the. 
limit beyond which the probability of homogeneity falls below .05, but 
this lack of homogeneity is due almost entirely to the 1923 Herefords,. 
which, like the 1922 steers, were measured initially two months before. 
the intensive fattening began but were younger and still growing rapidly 
in skeleton. The 1923 Brahmans included in their feeding period all 
of the period of intensive fattening but only about two-thirds of t h e  
period of skeletal growth included in the period between measurements 
for the 1923 Herefords. This will largely or entirely explain the. 
greater decrease of the Brahmans. The greater decrease of the Station- 
bred Brahmans as compared to the purchased Brahmans is very likely 
to have all resulted from the distinctly greater gains made by the Station- 
bred animals. I n  short all the observed group heterogeneity is easily 
explained as resulting from definitely known circumstances connected" 
with the feeding. Changes in relative cannon circumference may be- 
expected to be approximately the same in cattle of the same age which 
gain at the same rate. There is no evidence here of a breed difference,. 

Group 

1922 Herefords. . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Herefords. . . . . . . . . . . . . . . . . . . .  
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans.. . . . . . . . . .  

Total. . . . . . . . . . . . . . . ' . . . . . . . . . .  
Weighted average.. . . . . . . . . . . . .  

Width at Pin Bones 

The summary of data showing the changes in relative width at p in  
bones is given in Table 16. This measurement, like the preceding one,. 
was taken on both thin and fat steers during only one feeding season. 
Our first experience with i t  on fat steers indicated to us that we could' 
not take it  with any reasonable degree of accuracy on fat steers and, 
after this was verified the following season, this measurement was hence- 
forth omitted from studies of fat  steers although retained for the studies 
of growth and for breed comparisons on relatively thin animals. 

The changes are distinctly negative, which is rather to be expected 
when it is remembered that the ends of the caliper were pressed in very 
firmly against the bone. The group heterogeneity is probably sig- 

Number of 
Steers Included 

14 
8 

10 
5 
5 

42 

Average Change 

-6.6 
-6.7 
-3.5 
-7.2 
-5.1 

-5.74+.19 

Standard 
Deviation 

2.1 
1 . 1  
1.7 
1.8 
1.6 

1.78 
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nificant, Z being about one and a half times as large as i t  is at the limit 
for which the probability of homogeneity falls below -05. . 

Table 16. Summary of Changes in Relative Width a t  Pin Bones during Fattening. 

Number of 
Group Steers Included Average Change l- 

1922 Herefords. . . . . . . . . . . . . . . . . . . .  
1922 Brahmans. . . . . . . . . . . . . . . . . . . . .  
1923 IIerefords . . . . . . . . . . . . . . . . . . . .  
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans. . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average. . . . . . . . . . . . . .  

Standarc 
Deviation 

There is a faint indication of a breed difference, the Brahmans show- 
ing the greater relative decrease. However, this need not be considered 
other than accidental because the 1923 Brahmans and Herefords are 
not entirely comparable since the period between the thin and the fat 
measurements mas not the same for both groups. Even if we regard 
these two lots as strictly comparable, a difference at least as large as the 
observed one might be caused by chance alone as often as 8 or 9 times 
out of a hundred. Therefore, i t  is not necessary to regard the observed 
breed difference as other than accidental. 

The inherent inaccuracy in this measurement arises from the fact 
that the contour of the fat steer is very rounded at this point and wicitli 
decreases rapidly from front to rear. Therefore, external measurements 
with the caliper barely resting against the skin are not reliable because 
i t  is almost impossible to locate exactly corresponding points on different 
animals and a slight deviation in locating the proper points would 
make a very large deviation in the observed measurement. Now if the 
calipers are p~essed very firmly against the flesh just lateral to the pin 
bones, the measurement can be fairly accurate on thin steers or on dairy 
cows. But if the animals are very fat the flesh is very much thickened 
here, not only laterally but also to the rear. This makes it exceedingly 
difficult to press the caliper points against the flesh at corresponding 
places and with the same degree of pressure on different fat steers. It 
is the author's opinion that this measurement is practically useless in 
studies on fat steers unless some much more accurate way of taking it  
can be devised. 

Muzzle Circumference 

The summary of data showing the changes in  relative muzzle circum- 
ference is given in Table 17. This measurement mas taken on both 
the thin and the fat steers during only two feeding seasons. The first 
data showed that the actual measurement increased only slightly with 
fatness and yet was not as free from the influence of fatness as other 
measurements like length and width of head or height over withers or 
height over hips. As muzzle circumference mas less important from 
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several points of view than these last-named measurements, i t  was 
dropped from the plans after the second feeding season. 

Table 17. Summary of Changes in Relative Muzzle Circumference during Fattening. 

Group 

1921 Herefords. . . . . . . .  : .  . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
1922 I-Ierefords. . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Herefords. . . . . . . . . . . . . . . . . . . .  
1923 Rrahmans. . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans. . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average.. . . . . . . . . . .  

Number of 

The changes are all negative and distinctly so. The groups were 
heterogeneous but not extremely so, Z being about one and a half times 
as large as it is a t  the limit a t  which the probability of homogeneity 
falls below .05. The very large decrease shown by the 1921 Herefords 
is probably enough by itself to account for the significant group 
heterogeneity. 

There is some indication of a breed difference, the Herefords showing , 

the greater decrease in  all three comparisons. However, the probability 
that this could be due to chance alone is about .09 and therefore it need 
not be regarded as significant. I f  there is a real difference in this 
respect i t  is probably caused by the smaller tongue and smaller lower 
jaw of the Brahman, which make its muzzle circumference rather 
smootli in outline even when the steer is thin and lead to the result that 
any deposition of fat  which may occur in  this region must necessarily 
increase the circumference of the already smooth and rounded Brahman 
muzzle more than the same amount of fat  would increase the squarer 
and more angular Hereford muzzle. These statements in regard to the 
smaller size of the Brahman tongue and lower jaw are based partly upon 
extensive observation and partly upon slaughter data (as yet unpub- 
lished) from these and some three hundred other steers. 

I t  seems safe to conclude from these data that muzzle circumference 
is slightly influenced by the deposition of fat  but very much less so 
than the circumferences of the body or than most of the other measure- 
ments of the body itself. 

Height Over Withers 

The summary of the data showing the changes in relative height 
over withers is given in Table 18. As this is the most widely used 
single measurement in studies of cattle, it was studied on all the cattle 
in this experiment even though i t  very quickly became evident that 
wither height was scarcely influenced at all by the deposition of fat. 

The changes are all negative and very distinctly so. The nineteen 
groups as a whole are distinctly heterogeneous, Z being. nearly four 
times as large as i t  is at  the limit for which the probability of homo- 
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gsneity falls below .05. However, observation of Table 18 shows that 
this is almost entirely caused by age and feeding season. Thus all the 
last six groups show very nearly the same change. So do the 1925 
steers, the 1924 steers, the 1922 steers, and the 1921 steers. The ,1923 
Station-bred Brahmans are the only steers which show a change very 
different from that of the other groups of the same age which were fed 
at the same time. Even this deviation is not extreme ancl can probably 
be regarded as an error of sampling since there were only five steers i n  
the group. Thus it seems that, as regards height at withers, all steers 
of the same age and fattened and measured under similar external con- 
ditions react in  very nearly the same way. This measurement thus 
should be fully as applicable to all sorts of steers under comparable con- 
ditions as any of the other measurements thus far discussed. This con-- 
clusion is in agreement with the widespread use of this measurement in. 
growth studies of cattle generally. 

Table 18. Summary of Changes in ReIative Height over Withers during Fattening. 
I I I 

. . . . . . . . . . . . . . . . . .  1921 Herefords.. 
. . . . . . . . . . . . . . . . . . . .  1921 Brahmans 
. . . . . . . . . . . . . . . . . . .  1922 Herefords. . . . . . . . . . . . . . . . . . . .  1922 Brahmans. 
. . . . . . . . . . . . . . . . . . .  1923 Herefords. 

. . . . . . . . . . . . . . . . . . . .  1923 Rrahmans 
. . . . . . . . .  1923 Purchased Brahmans. . . . . . . . . . . . . . . . . . . .  1924 Herefords. 

. . . . . . . . . . . . . . . . . . . .  1924Brahmans 
. . . . . . . . . . . . . . . . .  1924 Back-crosses. . . . . . . . . . . . . . . . . . . .  1925 Herefords. 

. . . . . . . . . . . . . . . . . .  1925 Brahmans.. 
. . . . . . . . . . . . . . . . . .  1925 Rack-crosses. . . . . . . . . . . . . . . . . . . .  1926 Herefords. 

1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  1926 Back-crosses. . . . . . . . . . . . . . . .  SMS Ground heads. 

. . . . . . . . . . . . . .  SMS Ground ration.. 
. . . . . . . . . . . .  SMS Uneround ratlon.. 

Group 

- 
Total . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  Weighted average. -5.68f .12 1 2.41 

The Herefords show a larger relative decrease than the Brahmans do, 
but a difference this large or larger might occur due to chance alone 
about 18 times out of 100 and therefore need not be considered as 
significant. Moreover, the slightly larger gains made by the Herefords 
would cause them to show a little larger decrease even if everything else 
were equal. Therefore, no significance whatever can be attached to 
the observed breed difference. 

Number of 
Steers Included 

Length of Head 

The summary of the data showing the changes in relative length of 
head is given in Table 19. This measurement was taken only during 
the first two seasons. It quickly became apparent that the relative 
decrease would be large and yet the measurement did not involve a par t  

Average Change 
---- 

Standard 
Deviation 
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af the body which was intrinsically important itself from the standpoint 
sf the amount or distribution of the meat on the body. Therefore, 
measurements of head length on fat  steers were discontinued after the 
second feeding season. 

Table 19. Summary of Changes in Relative Length of Head during Fattening. 

Group 

1921 Herefords. . . . . . . . . . . . . . . . . . . .  
1921 Brahmans. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  8922 Herefords. 
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  1923 Herefords. 
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  1923 Purchased Brahmans. 

Total. . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average. . . . . . . . . . . . . .  

Number Of I l- Standard 
Steers Included Average Change D e v ~ a t ~ o n  

The changes are distinctly negative. The groups are heterogeneous, Z 
being more than one and one-half times as large as i t  is at  the limit for 
which the probability of homogeneity falls below .05. However, the 
larger decreases are shown by the older groups or by the groups making 
the larger gains in each feeding season and the effect of those two factors 
is probably sufficient to explain all group heterogeneity. The Herefords 
show the larger decrease but this also corresponds to the greater gain 
made by the Herefords and was therefore to have been expected. More- 
over, the observed breed difference was not statistically significant as it 
would be expected about 15 times out of 100 just as a matter of chance 
alone. 

It may be concluded that head length is a process of normal growth 
which proceeds at  a rate governed largely by age and influenced almost 
not a t  all by whether or not the nutritional state of the animal is such 
as to permit the deposition of fat  a t  a rapid rate. I n  young animals 
head length is increasing faster but fat  deposition takes place more 
.slowly than in older ones. Consequently head length relative to weight 
decreases more rapidly during the fattening of older than of younger 
.animals and more rapidly in animals which make large gains than in  
those which make small gains. 

Height Over Hips 

The summary of the data showing the changes in  relative height over 
hips is given in Table 20. This measurement was not taken during the 
third feeding season as we had come to the conclusion that i t  practically 
duplicated the measurement of height over withers, height over hips 
being larger, by an almost constant amount. Since height over withers 
was so much more universally used we planned to concentrate on that 
and to omit height over hips. However, observations during the third 
feeding season and in the studies on the breeding herd at the same time 
raised the question as to whether, with cattle as wild and as difficult to 
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pose as these, height over withers was as accurate a measurement and as 
little influenced by changes in the animal's position as height over hips. 
Largely for this reason height over hips was included again in the work 
of the fourth feeding season. The results seem to show that height at 
hips is even more unaffected by fat  deposition than height at  withers 
is but that the two measurements are almost equally variable, the 
standard deviations of the percentage change being almost identical 
(2.39 per cent and 2.41 per cent) when both are corrected for group 
heterogeneity. The greater decrease shown by height at  hips arises 
mostly from differences between the younger groups of cattle. While 
height a t  hips shows the greater decrease even in the first seven groups, a 
difference that large or larger in either direction might be expected due 
to chance alone about 30 times out of 100. This difference, therefore, 
need not be considered as significant. During the last feeding season, 
when cattle from one to two years younger than those in the first seven 
groups were fed, height over hips showed a decrease so much greater 
than that shown by height over withers that there is less than one chance 
i n  fifty that it could have occurred by chance alone. It is therefore 
statistically significant. Other studies, such as those of Hansen(7) and 
Brody(l),  have sho~vn that height over hips is larger relative to height 
over withers in young calves than in  older ones, the two measurements 
tending more nearly toward equality as maturity is approached. In 
other words, during normal growth height over withers increases more 
than height at  hips does. This probably furnishes a complete esplana- 
tion of the observed difference between the relative changes shown by 
height over withers and height at  hips. The former approaches its 
mature condition at  a later age than height at  hips does and thereby 
reflects on a more magnified scale the changes which accompany normal 
growth. Aside from this it is not certain that there is any difference in 
the changes of the two measurements relative to weight with increasing 
fatness. However, for reasons based on anatomy one might expect 
height over withers to increase more with fatness because, (1) more f a t  
is deposited immediately over the withers than immediately over the hips, 
(2 )  increasing fat deposits might very well tighten and shorten the 
muscles which support the chest from the shoulder blades and thus raise 
the fore part of the body, (3) the increasing weight which comes with 
age and fatness would probably have a greater tendency to draw the hips 
down by altering the normal angle of the pelvis with the ground than it  
woulcl to lower the withers by altering the normal angles of any of the 
joints in the forelegs. This last effect is often seen in mature cows 
which are in well-advanced stages of pregnancy. For these reasons 
relative height a t  hips reflects the changes of boclp shape with increasing 
fatness slightly more accurately and to a more extreme degree than 
height over withers does. On the other hand, the difference in this 
respect is certainly small and height over withers is much more widely 
used and is a better indicator of normal growth without fattening on 
account of its later approach to its mature dimensions. Our data seem 
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to  show little to choose between them from the standpoint of accuracy 
although from observation we had expected height a t  hips to be more 
accurate on steers which were wild and hard to pose and often persisted 
in pulling back against the stanchion or halter, as many of these did. 
On the dairy cows height over withers proved to be slightly more accurate 
than height over hips. 

Table 20. Summary of Changes in Relative Height over Hips during Fattening. 
1 I 

1921 Herefords, . . . . . . . . . . . . . . . . . . .  13 
1921 Brahmans.. . . . . . . . . . . . . . . . . . .  10 
1922 Herefords. . . . . . . . . . . . . . . . . . . .  14 
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  8 
1923 Herefords. . . . . . . . . . . . . . . . . . . .  10 
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  5 
1923 I'urchascd Brahmans. . . . . . . . . .  5 
1926 Ilercfords. . . . . . . . . . . . . . . . . . . .  13 
1926 Brahmans. . . . . . . . . . . . . . . . . . . .  17 
1926 Rack-crosses. . . . . . . . . . . . . . . . . .  5 
ShlS Ground heads. . . . . . . . . . . . . . . .  10 
SMS Ground ration.. . . . . . . . . . . . . . .  10 
SMS Unground ration.. . . . . . . . . . . . .  9 

Total. . . . . . . . . . . . . . . . . . . . . . . . .  129 
. . . . . . . . . . . .  Welghted average.. 

Group 
Number of 

Steers Included 

The observed changes are all clistinctly negative. Group heterogeneity 
is unmistakable, Z being more than twice as large as it is at  the limit a t  
which the probability of homogeneity falls below .05. This group 
heterogeneity seems to be fully explainable as caused by the younger 
groups still growing more in height a t  hips than the older groups and 
of course between groups of the same age there is a general tendency 
for the group making the larger gain to shorn the greater percentage 
decrease relatire to weight. 

The Herefords show the greater ciecrease but a difference this large or 
larger would be expected by chance alone about 19 times out of 100. 
Morover, the fact that the Herefords made larger gains would naturalla- 
lead to a larger percentage decrease in  this relative measurement on them, 
There is, therefore, no reason to think that a breed difference exists i n  
the reaction of the steers with regard to this measurement during 
fattening. 

Width at Eyes 

Average Change 

The summary of the data showing the changes in relative width a t  
eyes is given in Table 21. This measurement was not taken after the 
first two feeding seasons as it was evident that the relative measurement 
would show an extreme decrease and yet this measurement was not- . 
directly related to any part of the body on which fatjvas being deposited 
to any noticeable extent or which was important from the standpoint of 
the meat on it. 

The changes are all very distinctly negative. Group heterogeneity is 
evident, Z being more than on6 and one-half times as large as it is at 
the limit at  which the probability of homogeneity falls below .05. This 

Standard 
Dev~ation 
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group heterogeneity is very largely a reflection of differences in  the 
gains made by the different groups, the change being less in the case of 
the group making the smaller gain in every comparable case except that  
of the 1922 steers. 

Table 21. Summary of Changes in Relative Width at Eyes during Fattening. 

The Herefords show the larger decrease but the observed decrease is 
actually less than might have been expected as due to chance alone and' 
therefore is quite without significance. 

Neither length of head nor width at eyes is a very useful measurement 
in  estimating the fatness of a steer. The head dimensions approach 
their mature size a t  an earlier age than any other dimensions. They 
are probably quite subject to individual variations,-at least we fre- 
quently see steers which are of the same age and of the same general' 
kind of breeding but which differ markedly in the width or length of 
their heads. These measurements are markedly influenced by sex-condi- 
tion, the width especially being very much increased in bulls. Finally 
they do not directly measure a part of the body which is itself econom- 
ically important in  meat production. Their changes during fattening 
are of a passive or negative nature. Because they have nearly reached' 
their own mature dimensions and do not reflect fat  deposition at  all, 
they decrease relative to body weight very rapidly during fattening, such. 
decreases being as a rule largest in  the animals which make the largest 
gains and least in the animals which make the least gains. 

These objections to head measurements as indicators of fatness, either 
by themselves or relative to some other measurement or to weight, do 
not of course preclude the possibility that they may be quite useful in 
other ways. Thus if it is true, as is widely supposed, that a short wide 
head is correlated with a short wide body and with the ability to make 
large and economical gains, then head measurements might be 
useful in  closer studies of that fact and its applications. 

DISCUSSION OF MEASUREMENTS RELATIVE TO WEIGHT 

Standard 
Deviat~on 

1 . 9  
2 .0  
1 . 9  
1 . 9  
1 . 4  
2 . 4  
1 . 6  

1.86 

Group 

1921'  eref fords . . . . . . . . . . . . . . . . . . . .  
1921 Brahmans. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  1922 Herefords. 
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  1923 Herefords. 
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  

.......... 1923 Purchased Brahmans. 

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average. . . . . . . . . . . . . .  

Steers which were of the same breeding and were fed, weighed, and 
measured under the same external conditions changed their relative 
measurements during fattening at rates which were far from uniform 
for any one measurement. The weighted average standard deviation 

Number of 
Steers Included - 

13 
10 
14 
8 .  
10 
5 
5 

65 

Average Change 

-10.4 
- 9 . 2  - 8 . 8  
- 9 . 7  
- 8.0 
- 7 . 0  - 6 .7  

- 8.88&.16 
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given at the bottom of each summary table is the best measure we were 
able to devise for that lack of uniformity. It is the standard deviation 
corrected for group heterogeneity as used by Richey and Willier(l5) 
except that in this case it is also corrected for the loss of degrees of free- 
dom which takes place in correcting for group heterogeneity. Those 
standard deviations, arranged in the order of their magnitude, are 
repeated here : 

Cannon Circumference. . . . . . . . . . . . . . . . . . . .  .1.78 
........................... Length of Head 1.82 

Width a t  Eyes ............................ 1.86 
........................... Heart Girth.. .1.92 

........................ Length of Pelvis. .2.09 

........................ Depth of Chest. .  .2.13 
Height over Hips . .  ...................... .2.39 
Height over Withers. . . . . . . . . . . . . . . . . . . . .  .2.41 
Width a t  Hooks. ......................... .2.41 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  PeIvis Width. .2.73 
Muzzle Circumference. ................... .2.79 
FlankGirth ............................... 2.88 
Paunch Girth . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.97 

........................... Length of Body 3.15 
Loin Width. ............................. .4.39 
Width a t  Pin Bones. .  .................... .6.76 

.............................. Chest Width 8.20 

It will be noticed that the increases are very gradual until the last 
three measurements are reached. Those three are very distinctly more 
variable than the others. There a.re three distinct sources of the varia- 
tion which is summed up in these standard deviations. I n  the first place 
there is the error in taking the measurement itself. I n  the second place 
some steers gained a smaller amount than other steers in the same lot 
and this would cause some variation i n  the percentage increase or de- 
crease in the relative measurement. I n  the third place two steers gain- 
ing the same amount may not have put the gain on the same parts of 
the body. For instance, one might increase more in  paunch girth and 
less in heart girth than another steer in the same lot and gain the same 
amount. I n  other words, the change in  shape during fattening may 
really be different in different steers. It is this third source of variation 
in  which we are interested and about which we wish to know. The 
second source of variation should be of almost equal importance i n  the 
case of all the different measurements. Therefore, increased variation 
of the changes in one measurement as compared to another must be due 
to differences in the first or third sources of variation or both. Much 
of i t  is attributable to the first source,-that is, to differences between 
the true weight or the true measurement and the observed weight or the 
observed measurement. If we were justified in assuming that the errors 
of measurement were the same for these steers as the figures given in  
Table 2, the errors of measurement could be eliminated in a rough way 
from these standard deviations. When such an assumption is made the 
standard deviations all become less. Muzzle circumference seems to 
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have been taken more accurately on the steers than on the dairy cows. 
All the other measurements, except the widths of chest, loin, and pin 
bones, tend to approach more closely a uniform standard deviation of 
about 2.0 per cent (extremes: width at eyes 1.3 per cent and paunch 
girth 2.7' per cent). The three widths mentioned remain very dis- 
tinctly more variable than any of the other measurements. ,This can 
mean either that the steers really do vary extremely in the way they 
change their loin, chest, and pin-bone widths during fattening or that 
the errors in taking these three measurements are verv mucli greater 
on fat steers than they were on the dairy corns. On the basis of our 
observations we are inclined to believe that the latter explanation is the 
more important, although it seems quite likely that the steers really 
would vary somewhat more in the way they changed their shape in these 
three measurements which directly reflect increases in fatness than they 
would in measurements of parts which are much more muacular or 
skeletal in  nature. 

The various measuremelits which were taken on all nineteen lots of 
cattle rank as follows in the average percentage change which they made 
during the fattening process : 

Chest Width. . . . . . . . . . . . . . . . . . . . . . . . . . .  i- 9.29 
Loin Width. .  . . . . . . . . . . . . . . . . . . . . . . . . . .  4- 5.18 
Heart  Girth. ........................... -I- 1.55 
Flank Girth..  .......................... + .97 
Paunch Girth..  ........................ - -35 
Depth of Chest. . . . . . . . . . . . . . . . . . . . . . . .  - 1.95 
Length of Body ......................... 3.53 
Height over Withers. . . . . . . . . . . . . . . . . . .  - 5.68 

The average changes in the nine measurements ~vllich were not studied 
on all nineteen groups rank as follows when compared with the other 
measurements on corresponding groups : 

1. Width a t  hooks is  almost equal t o  flank girth 
2. Pelvis width is almost equal to  paunch girth 
3. Length of pelvis is  practically equal to  depth of chest 
4 and 5. Cannon circumference and width a t  pin bones make 

practically the same change as  length of body 
6. Muzzle circumference decreases almost a s  much a s  height 

over withers 
7. Length of head decreases more than height over withers 

and almost as  much a s  height over hips 
8. Height over hips decreases more than height over withers, 

especially where younger groups of cattle a r e  concerned 
9. Width a t  eyes shows the most extreme decrease of all, a 

decrease which would have averaged nearly 7.8% if i t  
had been taken on all the groups and had maintained the 
same ratio to  height over withers a s  i t  did in the groups 
on which i t  was taken. 

I n  general, we may eay that measurements of widtl~ increased dis- 
tinctly, particularly those involving the width of soft fleshy parts. Ex- 
cept for the almost totally unreliable width at  pin bones, width at eyes 
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was the only width which decreased at all relative to weight and it was 
almost purely a skeletal measurement. Measurements of girth or cir- 
cumference made a moderate increase if they involved soft fleshy parts 
of the body and a moclerate decrease relative to weight if they involved 
only non-fleshy parts, such as the muzzle or cannon bone. Measurements 
of length decreased relative to weight without exception but the decrease 
was smaller for lengths involving the main part of the body such as pelvis 
length and chest depth and body length than it mas for the lengths 
which were more purely skeletal, such as head length and height over 
hips or withers. I n  general, the soft fleshy parts of the bocly increased 
very greatly in absolute measurements while the skeletal parts grew 
slowly ancl thus decreased relative to weight. Of the various skeletal 
parts, the head grew the most slowly with the leg bones next. The 
pelvis showed a surprising1;ly large growth relative to other skeletal parts. 
Except for the loin and flank the 1-arious cuts of the hind quarters 
seemed to enlarge during fattening mucli less than most of the cuts of 
the fore quarters. This seems to emphasize a point which is frequently 
misunderstood about the fattening of cattle. The object of fattening is 
much less a matter of increasing the proportion of the desirable cuts in  
the carcass (if indeed that proportion is actually increased by fattening) 
than i t  is to improve the grade ancl market desirability of the whole, 
carcass and to increase the proportion of carcass to live weight. 

Evidence for a breed difference in the changes in body shape during 
fattening appears to be strong only in the case of flank girth ancl paunch 
girth. I n  both flank girth and paunch girth the Herefords increased 
the most or decreased the least and the difference was large enough and 
consistent enough to be at least on the borderline of statistical sig- 
nificance. Both these differences also agree with the visual impressions 
one gets of these animals and with slaughter data; namely, that the 
Herefords develop much larger middles than the Brahmans during heavy 
feeding but are less well developed in the flanks when thin. However, 
neither of these breed differences is nearly distinct enough to permit a 
steer to be identified objectively as Brahman or Hereford from the 
records of his change during fattening. Therefore, i t  woulcl be exceed- 
ingly difficult, if not absolutely impossible to study the inheritance of 
differences in the rate of change of flank or paunch girth during 
fattening. 

I n  not a single one of the seventeen measurements was the population 
homogeneous with respect to the average change shown by the different 
groups. However, in most of the measurements the observed het- 
erogeneity is to be explained as entirely clue to the groups of steers being 
of different ages and making different total gains. I n  flank and paunch 
girth, breed differences contribute to group heterogeneity. I n  several 
measurements no explanation is offered for the unusually large or un- 
usually small changes made by certain groups. The 1923 purchased 
Brahmans differed greatly from the other groups in  several cases. They 
were also visibly quite different in the way they changed during the 
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fattening period. They gained a rather small amount and tended to 
grow rather than to fatten. Whether this was due to their different 
early environment, to individual heritable peculiarities of their imme- 
.diate ancestors, or to some other cause is not known. 

RATIOS OF ONE MEASUREMENT TO ANOTHER 

The usefulness of ratios of measurements to the cube roots of the 
weights in estimating fatness is quite limited, according to the results 
.of this investigation. Measurements of soft parts which would reflect 
the degree of fatness were quite inaccurate. This was particularl~ true 
i n  the case of chest width. On the other hand the accurate measure- 
.merits for the most part either increased at  the same rate as the cube 
root of weight did or increased much more slowly and thereby only 
reflected increasing fatness in  a negative way by decreasing relative to 
weight. Since the fat steer is clearly less tall and less long but more 
wide in  proportion to weight than the thin one, it seemed reasonable to 
suppose that if one desired merely an objective indicator of fatness a 
more reliable indicator might be found in  the ratios of a measurement 
.of height or length to a measurement of width than in a ratio involving 
weight. Eight such ratios, which seemed promising on the basis of 
what the weight ratios had shown, were studied. They were the three 
ratios of chest width to chest depth, to heart girth, and to height over 
withers; the three ratios of loin width to chest depth, to heart girth, and 
to height over withers; and the two ratios of heart girth to chest depth 
.and to height over withers. 

The summary of the data showing the changes in  the ratio of chest 
width to heart girth is given in  Table 22. 

Table 22. Summary of Changes in Chest Width Relative to Heart Girth during Fattening. 

1921 Herefords. . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
1922 Herefords. . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Herefords. . . . . . . . . . . . . . . . . . . .  
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans. . . . . . . . . .  
1924 Herefords. . . . . . . . . . . . . . . . . . . .  
1924 Brahmans. . . . . . . . . . . . . . . . . . . .  
1924 Back-crosses. . . . . . . . . . . . . . . . . .  
1925 Herefords. . . . . . . . . . . . . . . . . . . .  
1925 Brahmans. . . . . . . . . . . . . . . . . . . .  
1925 Rack-crosses. . . . . . . . . . . . . . . . . .  
1926 Herefords. .... .: . . . . . . . . . . . . .  
1926 Brahmans. . . . . . . . . . . . . . . . . . . .  
1926 Rack-crosses. . . . . . . . . . . . . . . . . .  
.SMS Ground heads. . . . . . . . . . . . . . . .  
SMS Ground r a t ~ o n . .  . . . . . . . . . . . . . .  
5MS Unground ration.. . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average. . . . . . . . . . . . . .  

Standard 
Average Change Deviation I- Group 

Number of 
Steers Included 
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The change is positive in all but two groups and the average change 
is large . However. the standard deviation is also large-so large as to 
preclude the practical use of changes in this ratio as indicators of changes 
in the fatness of individual animals . Group heterogeneity is quite evi- 
dent, Z being nearly three times as large as it is at  the limit beyond 
which the probability of homogeneity falls below .O 5. 

The summary of the data showing the changes in the ratio of chest- 
width to chest depth is given in Table 23 . 
Table 23 . Summarv of Changes i n  Chest Width Relative to Chest Depth during Fattening . 
. 

Group 

1921 Herefords . . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
1922 I-Ierefords . . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Herefords . . . . . . . . . . . . . . . . . . . . .  
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans . . . . . . . . . .  
1924 Herefords. . . . . . . . . . . . . . . . . . . .  
1924 Brahmans . . . . . . . . . . . . . . . . . . . .  
1924 Back-crosses . . . . . . . . . . . . . . . . . .  
1925 Herefords . . . . . . . . . . . . . . . . . . . .  
1925 Brahmans . . . . . . . . . . . . . . . . . . . .  
1925 Rack-crosses . . . . . . . . . . . . . . . . . .  
1926 Herefords . . . . . . . . . . . . . . . . . . . .  
1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
1926 Back-crosses . . . . . . . . . . . . . . . . . .  
SMS Ground heads . . . . . . . . . . . . . . . .  
SMS Ground ration . . . . . . . . . . . . . . . .  
ShIS Unground ration . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
We~ghted average . . . . . . . . . . . . . .  

Standard 
Deviat~on 

Number of 
Steers Included 

13 
10 
14 
8 

10 
5 
5 

10 
14 
4 

10 
14 ' 

4 
13 
17 
5 

10 
10 
9 

185 

Average Change 

Table 24 . Summary of Changes in Chest Width Relative to Height a t  Withers during Fat- 
t en~ng  . 

+15.9 
+18 . 6 
+19.8 
+20.9 
+10.0 
+15.8 + 3.3 
+23.0 + 6.8 
+11.2 + 9.6 + 9.6 + 6.0 + 9.8 
+12.2 
+13.0 + 2.6 + . 4 + 4.2 

+11.49 f . 42% 

6.1 
15.7 
7.6 

12.6 
8 .8  
8.2 
8.4 
8.3 
5.0 
2.7 
5.7 
7.7 

11.8 
8.4 
8 .9  
2.9 
5.2 
8 .6  
6.6 

8.37 % 

Standard 
Devlatlon - 

7.4 
17.0 
9.5 

10.7 
9.8 
9.3 
7.7 

11.8 
7.5 
2.0 
6.0 
8.9 

11.6 
8.0 

11.9 
4.2 
4.5 
9.7 
8.1 

9.46% 

The change is positive in all groups and is large but varies widely in  
amount and has a large standard deviation . Group heterogeneity i s  

Average Change 

+24.7 
+27.6 
+26.9 
+25.8 
f 16.4 
+16.4 + 7.8 
+28.6 
+11.2 
+17.6 
+15.0 
+15.4 
+10 . 8 
+12.2 
+14.0 
f14.3 + 3.8  + 3.3  + 5.1 

+l6.07 f . 47% 

Group 

1921 Herefords . . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
1922 Herefords . . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1933 Herefords . . . . . . . . . . . . . . . . . . . .  
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans . . . . . . . . . .  
1924 Herefords . . . . . . . . . . . . . . . . . . . .  
1924 Brahmans . . . . . . . . . . . . . . . . . . . .  
1924 Back-crosses . . . . . . . . . . . . . . . . . .  
1925 Herefords . . . . . . . . . . . . . . . . . . . .  
1925 Brahmans . . . . . . . . . . . . . . . . . . . .  
1925 Back-crosses . . . . . . . . . . . . . . . . . .  
1926 Herefords . . . . . . . . . . . . . . . . . . . .  
1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
1926 Back-crosses . . . . . . . . . . . . . . . . . .  
SMS Ground heads . . . . . . . . . . . . . . . .  
SMS Ground ration . . . . . . . . . . . . . . . .  
SMS Unground ratlon . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average . . . . . . . . . . . . . .  

Number of 
Steers Included - 

13 
10 
14 
8 

10 

i: 
10 
14 
4 

10 
14 
4 

13 
17 
5 

10 
10 
9 

185 
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very marked . This ratio would be a more useful indicator of fatness 
than the preceding one but is still extremely erratic in its apparent 
changes . 

The summary of the data showing the changes in the ratio of chest 
width to height at  withers is given i n  Table 24 . 

The changes are all positive and very large . However. group het- 
erogeneity is extreme and variation within the groups is very large . 
This ratio would be a better indicator of fatness than either of the pre- 
ceding ones but is even more erratic than they are . 

The summary of the data showing the changes in the ratio of loin 
width to heart girth is given in Table 25 . 

Table 25 . Summary of Changes in Loin Width Relative to Heart Girth during Fattening . 

Group 

1921 Herefords . . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
1922 Herefords . . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Herefords . . . . . . . . . . . . . . . . . . . .  
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans . . . . . . . . . .  
1924 Ilerefords . . . . . . . . . . . . . . . . . . . .  
1924 Brahmans . . . . . . . . . . . . . . . . . . . .  
1924 Baclc-crosses . . . . . . . . . . . . . . . . . .  
1925 Herefords . . . . . . . . . . . . . . . . . . . .  
1925 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Back-crosses . . . . . . . . . . . . . . . . . .  
1926 Herefords . . . . . . . . . . . . . . . . . . . .  
1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
1926 Rack-crosses . . . . . . . . . . . . . . . . . .  
SILTS Ground heads . . . . . . . . . . . . . . . .  
SMS Ground ration . . . . . . . . . . . . . . . .  
S X I S  Unground ration . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average . . . . . . . . . . . . . .  

Table 26 . Summary of Changes in Loin Width Relative to Chest Depth during Fattening . 

Number of 
Steers Included 
--.. 

Group 

Average Change 
Standard 
Dev~a t~on  

.... .- 

Standa-d 
Deviat~on 

Number of 
Steers Included 

1921 Herefords . . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
1922 Herefords . . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Herefords . . . . . . . . . . . . . . . . . . . .  
1923 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 Purchased Brahmans . . . . . . . . . .  
1924 Herefords . . . . . . . . . . . . . . . . . . . .  
1924Brahmans . . . . . . . . . . . . . . . . . . . .  
1924 Back-crosses . . . . . . . . . . . . . . . . . .  
1925 Herefords . . . . . . . . . . . . . . . . . . . .  
1925 Brahmans . . . . . . . . . . . . . . . . . . . .  
1925 Back-crosses . . . . . . . . . . . . . . . . . .  
1926 Ilercfords . . . . . . . . . . . . . . . . . . . .  
1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
1926 Back.crosses . . . . . . . . . . . . . . . . . .  
SkIS Ground heads . . . . . . . . . . . . . . . .  
SMS Ground ration . . . . . . . . . . . . . . . .  
SMS Unground ratlon . . . . . . . . . . . . . .  - 

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average . . . . . . . . . . . . . .  

Average Change 

- 
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The changes are predominantly positive but are negative in  five 
groups. The average change is small and the coefficient of variation is 
large. Group heterogeneity is very evident. These results seem to 
show that this ratio is not a highly accurate expression of fatness. 

The summary of the data showing the changes in  the ratio of loin 
width to chest depth is given in Table 26. 

Except for one group all average changes are positive and fairly large, 
especially in comp.arison with the standard deviation. This ratio is dis- 
tinctly superior to the previous one as an indicator of fa,tness but still 
admits of very wide variation between individual steers. Group het- 
erogeneity is unmistakable. 

The summary of the data showing the changes in  the ratio of loin 
width to height at  withers is given in Table 27. 

Table 27 Summary of Changes in Loin Width Relative to Height a t  Withers during Fat- 
tening. 

The change is positive for all groups and the average change is quite 
large. However, the variation is fairly large and group heterogeneity is 
very evident. As an indicator of fatness this ratio is evidently superior 
to the other two ratios involving loin width but exhibits an even larger 
standard deviation of indiviclual changes. 

The summary of the data showing the changes in the ratio of heart 
girth to chest depth is given in Table 28. 

The average change is positive in all groups but is small. The 
standard deviation is quite small, which is probably a result of the fact 
that the two measurements concerned are among the most accurate taken 
and are but slightly affected by the animal's position. Heterogeneity 
of the groups is quite evident but this is very largely caused by the last 
nine groups of cattle, which were younger than the rest and which made 
considerable growth in chest depth during the fattening period. On 
account of the smallness of the average change this ratio does not seem 

Group 

................... 1921 Herefords. 
1921 Brahmans .................... 
1922 Herefords. ................... 
1922Brahmans .................... 
1923 Herefords. ................... 
1923Rrahmans .................... 
1923 Purchased Brahmans. ......... 
1924 Herefords. ................... 
1924 Brahmans.. .................. 
1924 Back-crosses.. ................ 
1925 Herefords. ................... 
1925Brahmans.. .................. 
1025 B ack-crosses. ................. 
1926 Herefords. ................... 
1926 Brahmans. ................... 
1926 Rack-crosses. ................. 
SMS Ground heads.. .............. 
SMS Ground ration. ............... 
SMS Unground ration.. ............ 

Total. . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average.. . . . . . . . . . . . .  

Average Change 

+18.3 
+18.4 
+14.4 
+l0.0 
+13.3 + .1 + 5.1 
+11.1 + 8.6 
+11.8 + 7.9 + 8 .4  + 9 . 4  
f13.8 
+lo. 4 + 9.1 
+13.3 
+13.9 
+lo. 9 

+11.57&.29% 

Number of 
Steers Included 

13 
9 

14 
8 

10 
5 
5 

10 
14 
4 

10 
14 
4 

13 
17 
5 

10 
10 
9 

184 

Standard 
Deviation 

6.7 
9.7 
8.0  
6.7 
6.0 
2.1 
3.2 
6.6 
5.2 
6.6 
4.0 
4.5 
2.5 
4.8  
5.6 
4.6 
5.1 
4.0 
3.6 

5.74% 
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t o  be a highly useful indicator of fatness even though its variation js 
small . 
Table 28 . Summary of Chanqes in FIcart Girth Relative to  Chest Depth during Fati 

Group 

1921 IIcrefords . . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
11122 IIcrcfords . . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
1923 1 Icrefords . . . . . . . . . . . . . . . . . . . .  
l!)? :-I Brahmans . . . . . . . . . . . . . . . . . . . .  
11)12:3 Purchased Brahmans . . . . . . . . . . .  
1!324 I Iercfords . . . . . . . . . . . . . . . . . . . .  
1924 Brahmans . . . . . . . . . . . . . . . . . . . .  
l!)'2d Rack-crosscs . . . . . . . . . . . . . . . . . .  
l!W) 1 lcrefords . . . . . . . . . . . . . . . . . . . .  
1!)25 Brahmans . . . . . . . . . . . . . . . . . . . .  
1925 Hack-crosses . . . . . . . . . . . . . . . . . .  
192; 1 lercfords . . . . . . . . . . . . . . . . . . . .  
1926 Brahmans . . . . . . . . . . . . . . . . . . . .  
I!)%ti I<ack-crosses . . . . . . . . . . . . . . . . . .  
ShIS Ground heads . . . . . . . . . . . . . . . .  
SWlS Ground ration . . . . . . . . . . . . . . . .  
ShlS Unground ration . . . . . . . . . . . . . .  

. .- 

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Wcighted avcragc . . . . . . . . . . . . . .  

Standard 
1)evi:ttion 

Number of 
Steers Incladed 

Thc summary of the data slio~viilg the cbang9;rs in the ratio of lieart 
girth to lieigl~t a t  ~vitliers is givcn in T;~l)lc 29 . 

Average Change 

Table 29 . Summary of Changes in Heart Girth Relative to  ITeight a t  Withers during . Fa t t cn~ng  . 

Group 

The  average change is  positive for every group . The change is 
meclium in size. being exceeded by the change in  two of the three ratios 
involving chest width ancl one of the ratios involving loin width . How- 
ever. tlie standard clcri,z tion of this change is  very distinctly smaller 
tllnn that  for the three ratios which s11o1v larger average clianges . The 

Numbcr of 
Stccrs Inclutlcd Averagc Changc 
.. 

1921 Herefords . . . . . . . . . . . . . . . . . . . .  
1921 Brahmans . . . . . . . . . . . . . . . . . . . .  
1!)2:! I Icrcfords . . . . . . . . . . . . . . . . . . . .  
1922 Brahmans . . . . . . . . . . . . . . . . . . . .  
I!)2:3 I Ierefortls . . . . . . . . . . . . . . . . . . . .  
10'23 Brahmans . . . . . . . . . . . . . . . . . . . .  
1!42:3 IJurchased Brahmans . . . . . . . . . .  
1924 I Ierefords . . . . . . . . . . . . . . . . . . . .  
1924 Brahmans . . . . . . . . . . . . . . . . . . . .  
192 1 Rack-crosses . . . . . . . . . . . . . . . . . .  
1!)25 I Ierefords . . . . . . . . . . . . . . . . . . . .  
1!)2;i Brahmans . . . . . . . . . . . . . . . . . . . .  
1 !)25 Rack-crosses . . . . . . . . . . . . . . . . . .  
1926 I lerefords . . . . . . . . . . . . . . . . . . . .  
1926 Hrahmans . . . . . . . . . . . . . . . . . . . .  
l!)2 (i Ixack-crosses . . . . . . . . . . . . . . . . . .  
ShlS Ground heads . . . . . . . . . . . . . . . .  
ShI S Ground ration . . . . . . . . . . . . . . . .  
SlClS Unground ration . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  
Weighted average . . . . . . . . . . . . . .  

- 
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change in the ratio of heart girth to height a t  withers shows extreme 
group heterogeneity, which seems to be caused by age and conditions 
peculiar to each feeding season. Thus all six groups feel cluring the last 
season shonr moclcrate changes and, in  both the second and the third 
feeding seasons, the three younger groups show smaller changes than 
t.he ol(1er groups fccl a t  the same time. 

CORRELATION BETWEEN RATIOS AND ESTIMATED FATNESS 

To test further ~~7liicli of these ratios was most closely related to fatness, 
the fatness of each individual steer was estimntecl on the 1)asis of i ts  
clrcssing per cent ancl its percentage of can1 fa t  to final feedlot live 
~vciglit hy using the prccliction equation eleveloped in  an  earlier 
study (1 1 ) (est iimatecl % of Eat in entire ' live animal = 9.073 times 
per cent o I' call1 fat +; 0.93(; times clressing per cent - 44.96 % ) . This 
estimatecl fatness was then correlated with each of the eigllt ratios just 
rliscussecl, using the measnrements taken just hefore the fattened steers 
n7crc! shipped to market. Each correlation was calculated separately for 
eac11 group of steers (so as to eliminate heterogeneity of group means) 
and then all correlations hctwecn estimated fatness and each ratio were 
averaged together using the metllocl clescrihed hp Fisher on pages 168 
ancl 169 o f  his lmol~(6).  The first two groups of steers had to 1~ 
omitted from this calculation hecausc individual caul Eat weights were 
not o1,tnincd when they mere slaughtered. Three degrees of freecloni 
lrTpre lost for each group of steers in  the process of averaging and tlic 
resulting average correlations are the statistical equivalent of a singIe 
correlation calculated upon a single group of 113 steers, except tha t  this 
average heing l?ased upon different groups, fed a t  different times and in 
cliffcrcnt wavs, is prohahly more reliable as a basis for generalization 
I)ccn~lse unnoticed rlifferences in the methods of taking the measnrements 
or other nnsnspcctccl and acciclental conditions which might influence 
the sizc of tlic corrclation in a single group or for a single season, would 
not l)c apt to affect these average correlations notic,eahlp. 

Tliese correlation co~fficients between estimated fatness and each of 
tliesc eight ratios, together with the rank of the changes in  the ratios 
du r i l~g  fnttrning accordinq to mean size, to standard deviation, and to 
mean sizc (lividcd hy standarc1 cleviation are given in  Ta11le 30. 

Even x casual stnrly of Table SO shows that  the last four ratios have 
little claim to further serious consirleration as indicators of fatness. 
They rank low in all three aspects of the change during the fattening 
process. All four correlations are low, the last one being only a little 
larger than its prohahle error, and the two nes t  to the last ones heing 
onlv n little more than three times their probable errors. Tn a statis- 
tical sensc the correlation hetween estimated fatness and the chest; 
n6dth-chest cleptll ratio is prohahlv significant since i t  differs from 
zero hy a h o ~ ~ t  threc times its standard deviation. Nevertheless. this 
correlation is small nnrl thcreforc not of much praci,ical 11se even though 
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it does indicate that, as a general rule, a- wide chest relative to chest 
depth is associated with a high degree of fatness. 

- 

Table 30. Summary of Average Data Bearing upon the Usefulness of Eight Measurement 
Ratios as Indicators of Fatness. 

-- 

The ratios involving chest width as compared with the corresponding 
ratios involving loin width show (1) higher correlations, (2)  larger 
average changes, and (3) larger standard deviations of the changes. 
This and other circumstances connected with the measuring seems to 
indicate that width of chest is more closely related to fatness than width 
of loin is, but was not measured quite as accurately. Continuing this 
comparison in  the same way, it will be noted that the ratios having 
heart girth for the numerator as compared to the corresponding ratios 
having loin width or chest width as numerators show (1) higher corre- 
lations, (2)  smaller average changes, (3) smaller standard deviations of 
the changes. This is interpreted to mean that chest width responds 
more to fattening than the other two measurements do but is most 
difficult to measure accurately. Heart girth responds less to increasing 
fatness than the other t vo  measurements but is very much more ac- 
curately measured than either of the others. 

Turning now to look at the denominators i t  will be observed that both 
ratios having heart gjrth for a denominator rank at or very near the 
bottom of the list in all four columns of Table 29. It seems clear that 
heart girth as an indicator of fatness belongs in  the group with chest 
width and loin width, and not in the group with chest depth and 
height a t  withers. The ratios involving wither height when compared 
with the corresponding ratios involving chest depth show in every case 
(1) higher correlations, (2) larger average increases during fattening, 
and (3)  larger standard deviations of the increases. This is interpreted 
to mean that wither height is less influenced by increasing fatness (and 
also by the normal growth incident to steers of the ages used in these 
experiments) than chest depth is, but is more-difficult to measure ac- 
curately on steers as wild as these. 

Rank Accord- 
ing to Largeness 

of Ratio: 
Average Change 

to Standard 
Deviation ' 

1 

4 

3 

2 

6 

5 

7 

8 

Rank Accord- 
lnq to Small- 

ness of Devia- 
tion of Change 

During 
Fattening 

2 

1 

'8 

5 

7 

4 

6 

3 

Rank Accord- 
lng to large 

Average 
Change Dur- 

Fattening 

4 

8 

1 

2 

3 

6 

5 

7 

Ratio 

Heart Girth: 
Height at Withers. .... 

Heart Glrth: 
Chest Depth.. ........ 

Chest Width: 
Height at Withers. .... 

Loin Width: 
Heigth at Withers. .... 

Chest W~dth: 
Chest Depth. ......... 

Loin Width: 
Chest Depth.. ........ 

Chest W~dth: 
Heart Girth. ......... 

Loin Width: 
Heart Girth. ......... 

Correlation 
between F~nal  
Ratio and Es- 

timated Fatness 

+ .563 
+ .464 

+ .414 

+ .323 

+ ,294 
+ .226 
+ .207 
+ .076 
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GENERAL DISCUSSION 

Underlying the question of whether a given body measurement is well 
adapted for use in  the accurate description of beef cattle, there are three 
important questions. The first question is:  to what extent does the 
measurement reflect increasing fatness, a$ distinct from the changes of 
normal growth? The second question is : how does the measurement 
change with the normal growth incident to cattle of any given age? 
The third question is : how accurately can the measurement be taken in 
spite of changes in  the animal's position and i n  the tenseness of its 
muscles and in  spite of partly unavoidable errors i n  the technique of 
the operator ? Not one of the measurements studied in  these experi- , 
ments was completely satisfactory in  all three of these points. 

From most practical points of view the measurements naturally fall 
into two groups : first, those which increase with increasing fatness more 
rapidly than weight does and which therefore reflect fatness in a positive 
way.; and second, those which increase less rapidly than weight does 
during fattening and therefore reflect fatness in  a negative or passive 
way. 

Only four of the measurements included in  this study belong in  the 
first group. They are: chest width, loin width, heart girth, and flank 
girth. Width a t  hooks also increased faster than weight did on these 
stzers, but the evidence indicates strongly that this was caused by the 
normal growth of steers as young as many of these were and would not 
have occurred in an experiment confined to mature or nearly mature 
steers. Of the other four measurements paunch girth seems to have no 
advantage over heart girth. I ts  average increase is less and the un- 
avoidable error in its measurement is distinctly greater than in  the case 
of heart girth. It may therefore very well be dropped from further 
consideration. Heart girth is very distinctly more accurate than either 
chest width or loin width but on the other hand does not increase nearly 
so much during fattening. Unquestionably either chest width or loin 
width would be a more useful measurement than heart girth for describ- 
ing in objective terms the fatness of a steer if it could* be taken as 
accurately as heart girth. Can they be taken thus accurately? Unques- 
tionably they were not in these data, but most of these steers were wild 
and diacult to pose. Also our measuring calipers had rather small 
contact surfaces and it seems reasonable to suppose that there would be 
less error on the part of the operator if the calipers used had contact 
surfaces several square inches in  area. This would be of especial im- 
portance on very fat steers, which usually have quite soft flesh on the 
sides of their chests and loins. It seems to us highly probable that with 
gentle steers which could be posed as show steers are, and with calipers, 
having very large contact surfaces, the measurements of chest width 
and loin width can be made much more accurate than they were under 
the conditions of this study and probably can be made so accurate that 
they will be distinctly superior to heart girth as indicators of fatness 
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even though they can iievcr be iiicasurecl quite as accnralely as 11t3art 
girth. \lTliether or not this opinioli is fully justified can only be ascer- 
tailled 1)y further esperinlents. Ail increase i n  tlie accuracy of tlie 
measurements or in  the accuracy of the method of estimating fatness 
woulcl of course increase the size of the correlations shown in Table 
30(18). But if me leave out 01 consideratioil the possibility of iiii~)rov- 
ing the accuracy of these measurements it mould seem that  in  these data 
heart gir th was actually more valuable as an  indicator of fatness tliaii 
was chest width or loin miclth. The latter two sho~ved greater increases 
cluring fattening but were more variable aiicl less Iliglily correlated with 
estimated fatiless tlian heart girth was. Loill wicltli was pro1)ahl.y a little 
less valuable than chest wicltli although sornemlit-~t more accurately iiieas- 
ured. Dou1)tless all three of tliese nicasurenicnts cleservc furtlier con- 
sicleration as iiiclicators of fatness. 

Tlie nieasuremcnts 1vhic11 reflect fatncss only ill n ~)assi\re or ncgativc 
Tray naturally fall into four main grou1)s:-hwd -mcnsureiiiciits, 1)elvis 
measurements, heiglit measurements, and trunk measurenicilts sucli as 
chest depth andl body length. Tlie lieacl measnrenlcnts are of minor 
inlportaiice since they do iiot measure a part  of tlie body directly im- 
portant from the standpoint of meat productioii. Iforeover, tliey arc 
illflueliced by sex condition arid also a1)prowcli tlieir iilature value a t  -a 
very early age. Pelvis measnrenieiits increase ~lorninlly with agc a t  
peculiar rates. Coniparecl with otlier skeletal measurements, they arc 
quite slow i n  approaching tlieir mature values. Ilere, too, important 
sex differences are present. Wiclth a t  pin bones is highly inaccurate on 
real fa t  steers. 

Height a t  ~vithers ancl lieight a t  hips appear to clul)lic:~te cacli ot,licr 
allnost csactly escclpt that  young cattle are relatively liigllcr eyer thc 
hips than a t  the withers. IVither lleigllt increases a little nlore (luring 
normal gro~vtli, also ~vitlier heiglit aplwars to llave been a, trifle less 
accnrately ineasure(l on these steers, so inally of wl~icli mere ~vilcl. ITOW- 
ever, ~vitller height has 1)eeii mucli more ~viclcly uscd in other stnclics as a 
standard to yllich a11 other measurements are com1)arccl. 14'01- this last 
reasoil wither height seems sliglitly more useful tliaii liip 11eigIit and, 
since the two nieasurcnients so nearly cluplicate each otlier, i t  clocs iiot 
seem ~vortll while to ilicludc 110th i n  future studies. Chest deptli is 
11rol~a1)ly the most accurate of the trunk nieasurements and is of prac- 
tical importance in thilt i t  measures directly one of the coiiipoiients of 
tlie idea of lo~v-setness or blockiness of form. It is only sliglltly affected 
113' fat~less 1)ut is relatively slow to approacll its 1ii:lture value. Body 
lclngth is relatively iiiaccnrate ainoilg tlic n~casnremcnts wllicll arc only 
slightly affected by fi~tness, hut docs incasure n very in~l,ortant dinlension 
of the steer and is an  important part of our conception 0-1 ranginess of 
type as contrasted with blockiness or compactness. 
, Our conclusion i n  regard to the general usefulness of the various 
measurements is tha t  unless there exists some special reason to investi- 
gate some special cletail of conformation (such as paunchiness or pelvis 
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sliape or relative head width or length), the measurements taken should 
include one or two or possibly three n~easurements which reflect to the , 

Snllest extent the effects of fatness and two or three measurements wliich 
reflect as fully as possible the extent of normal growth free from the 
influence of fatness or thinness. I n  our experience heart girth has been 
the most desirable of the measurements which reflect fatness directly, 
althougl~ we are of the opinion that refinement of the methods of meas- 
uring, especially upon very gentle steers, might very easily make chest 
~vicitli or loin ~vidtli niore desirable for this purpose. I n  our experience 
liciglit over ~vithers and height over hips have been outstandingly the 
illost desirable measurements wliich reflect growth inclependent of fat- 
ncss. Il ip height has perhaps been slightly more desirable than witlier 
htligllt for this purpose, but out of delerenee for the more widely cstab- 
lislied custom of expressing other measurements as relative to ~vitlicr 
height TI-c do ]lot hclieve the aclvn~itages of height over hips justify 
rcco~~lmenclirig the use of hip Iieight to the exclusion of wither height. 
-1s a fairly close second to these two ill usefulness stands clepth of chest. 
Body length is a poor third. 

Tlie dimension-weight index l>roposed by Yapp (20) as a general incles 
of body build in cattle is : 

Body Length Height over Withers 1 

3vWeight . "/Weight > X- 475.8 

1vEle11 tlie cornl~oncnt ratios are separated into the forms in  which tliey 
were studiecl in this Bullctiii. The third factor is a constant introduced 
1 ) ~  Yapp to express in cubic celltimeters the volume of a pound of flesh 
a n d  need not concern us furtlier l~cre  mliere we are interestecl only in  
T-nriations ;~nd  cliaiigcs in t l l~sc  ratios or indices. Since botll thesc 
ratios nrllicli arc co~nl)il~c(l ill 'ITa1)j)'s iliclcs S ~ I O W  nogativc cllanges dur-  
ilig f a t t~~ i i i~g ,  sue11 a con~l)in;ltio~~ of tllc111 as in Yapp's inclcx will ~1101~  

a still larger negat,ive cl~al~gc t l u r i~~g  ft~tteliing. Thus the average change 

Boil y Lcn,gth 
in tlic ratio, , t~ino~ig tllcse 185 steers during Patteriiiig was 

-\/ Weight - 
Height over Withers 

- 3.53% and tlie average cliange in the ratio, 9 

' ~ r n l v t  
nras - 5.68 %. Tl~crcforc, tlic. ttvcrngc clii111ge ill Yapp's index \vonld 
have been approsimatcly - 14.2% (or po~sil)ly a little larger on account 
of a correlation between the two ratios). This index would therefore 
express the changes on a larger scale and to that extent is desirable, 
although its standard cteviation would also be somewhat larger than that 
of either ratio alone. Some such combination as this is also desirable in 
that it embodies more than one measurement and thereby tends to make 
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errors of measurement less important. Prom this point of view, this 
index would be still further improved if i t  included the ratio of one 
more measurement, such as chest depth, instead of giving double weight 
to height a t  withers. Squaring height a t  withers allows errors in the 
measurement of wither height to retain considerable importance. Other 
indexes embodying various combinations of measurements will doubt- 
less suggest themselves to the reader as worthy of consideration. Cer- 
tainly such combinations are more complete descriptions of the animal 
form than one measurement is, either by itself or relative to weight. 
However, the changes of these combinations cannot be so readily analyzed 
as those of the simpler ratios of a single measurement to live weight, 
and, therefore, we have confined the analysis in this Bulletin to the 
simpler ratios. The index proposed by Yapp is clearly very strongly 
influenced by fatness, and yet it probably is also very much influenced 
by variations i n  body shape independent of fatness. There is still a 
real need in  this connection for an index which shall express only the 
fat-free body-build in  objective terms as well as for an index which 
shall more perfectly serve as an indicator of fatness. 

The question of whether any measurement is sufficiently informative to 
be worth taking in general feeding experiments remains a debatable one, 
and probably depends chiefly upon the cost of taking the measurements 
and upon one's assurance that there would be opportunity to calculate 
and analyze the results. I n  the geometrical sense the animal body is of 
such a complicated shape that any one or few measurements could 
approximate a description of it in  only the crudest way. Moreover, the 
details of that shape change with every movement of the muscles of the 
body. Furthermore, many of the points which are of considerable im- 
portance in  determining the commercial worth of a steer are difficult or 
impossible to measure. For example, a smooth sleek coat undoubtedly 
has its value in the market place but would be impossible to measure 
by a tapeline or rule and would be difficult to measure objectively even 
by the use of a carefully prepared set of ,artificial grades of sleekness. 
Again, the angle a t  which a steer's ribs appear to spring from his back- 
bone undoubtedly has much to do with his market desirability but would 
be difficult in  the extreme to measure, especially since only curved sur- 
faces are involved. Certainly no one measurement or small group of 
measurements can approach weight in completeness as a description or 
in economic importance. Nevertheless, if one is going to take the 
weights anyhow, a few of the most important measurements discussed 
in this Bulletin may give very helpful supplementary information and 
may very well prove to be worth more than the cost of taking the 
measurements and the cost and trouble of analyzing the data. The 
information yielded by measurements should be regarded as supple- 
mentary to and confirmative of the inferences drawn from weight 
changes rather than as a substitute for the information gained from 
studying the weights alone. 
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SUMMARY 

As an incitl(lllti11 ]]art of various cattle feeding esper;nic~~lts, certain 
ho(ly rneasurem~l~ts  were taken on 185 steers clivicled among 10  (li lf(1rmlf 
Iof~ .  These mcnsurcn.lr.ntprts were taken a t  the beginning 01' tllcb rccrliilg 
pcrio(1 when tllo ,stcei,s Jrvrc thin and again a t  the close of tlle Fcc(1iilp 
period when tho steers nTere fat. The changes i n  the  measurements of 
eac11 steer duriil: f:rttcning ~vcrc studied to determine in an o1,jcctivc 
way ]low the animal's shape or col~formation changed during the fatten- 
i ng process. 

The ~neasurcmc~-~ts  ~vl~ic l l  were taken on a11 the steers s l ~ o m ~ i l  tllc fol- 
Ionring percentage increase or c l e c r ~ a s ~  relative to live ~ v c i g l ~ t  tliiril~g tile 
fattening process : 

. . . . . . . . . . . . . . . . . . . . . . . .  Chest Wid th . .  + 9.29% 

. . . . . . . . . . . . . . . . . . . . . . . .  Loin Width; .  4- 5.18%) 
. . . . . . . . . . . . . . . . . . . . . . . . .  Chest Gir th .  + 1.55%1 ........................ Flank G i r t h . .  + -97% 

- Paunch Gir th .  . . . . . . . . . . . . . . . . . . . . . . .  -35%) 
. . . . . . . . . . . . . . . . . . . .  Depth of Chest . .  - 1.95% 

. . . . . . . . . . . . . . . . . . . . .  Length of Body. - 3.53%) 
. . . . . . . . . . . . . . . . .  Height  over Withers .  - 5.68'70 

Width a t  hooks changes a t  approximately t h e  same  r a t e  a s  
flank gir th  

Width of pelvis changes a t  approx in~a te ly  t h e  same  r a t e  a s  
paunch gir th  

Length of pelvis changes a t  approximately t h e  same  r a t e  a s  
depth of chest 

Cannon circumference ancl width a t  pin hones make prac- 
tically t h e  same  change a s  length of body 

Muzzle circumference shows almost a s  l a rge  a decrease rela- 
t ive t o  weight a s  height over withers does 

Length of head decreases more t h a n  height over wi thers  and 
almost a s  much a s  height over hips 

Height over hips decreases more than  height over withers,  es- 
pecially on the  younger groups of cat t le  

Width a t  eyes shows t h e  most  extreme decrease of all, a change 
which would have averaged nearly - 7.8% if i t  had niain- 
tained t h e  same  ra t io  t o  height over wi thers  in all t h e  
groups of s teers  a s  i t  did in  the  groups on which width 
a t  eyes was actually studied. 

lfncli varint,ioii was s11own in the amount of changc n~nile hy rlifl'crent 
indiviclual steers. The stanclard clcviation of the pcrcciltwg~ cllaiige in 
the various ~~ieasurenients (relative to ~reigli t)  varied 1)y sinall steps l 'ro~n 
1.78% for cannon circumference to 3.15% for lnlgth of 1)orly. Thrt.c 
of tlie measurements liar1 stanclarcl deviations far  outside this range. 
T11y wew : loill ~vi(lt11 4.397?,, 1vi(lt11 a t  1)iii 1)otlf~s G.7GF. :111(1 (allost, \vi(ltli 
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8.2076. Much of this variation, especially i n  the last three measure- 
ments, is due to errors in  taking the measurements but a small part of 
it is probably caused by the steers not all changing their shape in ex- 
actly the same may with increasing fatness. 

T n  general, steers increase much more in  width during fattening than 
tllry (lo in  leng172 or depI7~ of body, and least of all in lceig7~t and henrl 
l~/rcr.c~r~vments. I n  general, the soft parts of the bocly increase most 
rnl~idly and the only bony measurements ~v11ich even approximately 
li(vq) 111) with the increase in  live weight are the pelvis measurements. 

Ev~dence for a breed difference i n  the way body conformation changed 
wit11 fattening was strong only in  the case of flank girth and paunch 
girth, in 110th of which the Herefords increased more or decreased less 
rc~lative to live weight than the Brahmans did. However, hot11 tli~scl 
ol)sc~~vcrl avprage clifferences were practically on the borderline of statis- 
tic:~l significance. Therefore, there mas very much overlapping of the 
i n d i ~ ~ i ~ l ~ i a l  steers of tlle two breecls and it ~vould appear impossil~le to 
itlcntify ancl study the inheritance of different rates of changing flank 
girth ancl pauncll girth. The observed differences probably were gen- 
nine 1)reed differences but were so slight tha t  averages of fairly largc 
nuin1)crs of steers were required to demonstrate their existence. Under 
fllose c i r c~~n~s tances  a highly correct classification of individual animals 
with respect to these characteristics appears impossible and an imprac- 
ticn1)lp large nuni1)er of animals woulcl require to be fattened to permit 
t l l r  discovery of the mode of inheritance of this characteristic even if it 
nrero really inllerited in  tlle simplest monohyhrid manner,-a I iyj~oth~sis 
wliicli is ~~r.ol)ahly unjustifiably simple. 

Rli\ritleiice of age differences are unmistakable for many measurements. 
This is particnlarly true of the pelvis measurements, whicli were tlie SIOTV- 
@st of a11 the n~easurements of 1)ony parts to approacll their mature 
climcnsions. hteasurements which, like the head measurements, ap- 
pronched their mature climensions a t  a very early age dicl not shorn 
l~clarly so niucli influence of age upon their rates of change. 

=- Tn not one of the seventeen measurements studied was the popula t io~~ 
surely liomogeneons with respect to the average change shown 1)y the 
difYt1rcnt groups. This heterogeneity was in most cases callsed I)y somc 
common r'i~ctor ~vllicli affectecl alike a11 the gronps fed in  a single season 
arlcl wllicll proh21)ly was the amount of gain nlailc or some ~,eculiarit,p in 
f n king t lle inei~surcmeiits a t  t ha t  time. Age differences contril)ut~tl 
inliclr to this lleterogeneity. Breed differences played a part in a t  least 
two measurements. Tn some cases no cause for the heterogeneit~ was 
nppawnt. 

-\ 
The most generally useful single measurement among those which 

increase ral)idly with increasing fatness seems to be chest girth, although 
chest width and loin width could l)e more useful if the errors in taking 
those measurements could 1)e made as small as the errors in most of the 
other measurements. 

'l'hr   no st generally n ~ c f n l  measi~re~nent  among tliose ~v l l i~ l l  i l ~ c r c a s ~  
\ ,' 



at a less rapid rate than weight seems to be either height a t  \vitl~ei.s or 
l~cigllt over hips, with the for~ller deserving a slight preference on 
;rccou~~t of being so generally used as a standard in other measurement 
studies. Depth of chest seems to stand next to these two measureirlents 
ill general usefulness, while length of body also deserves consideration. 

The most generally useful ratio studied seems to be the ratio of c11est 
girth to wither height, but the ratios of chest width and loin ~vi(lt11 to 
~rither height would be still more useful if chest width and loill widtll 
could be determined more accurately, and the ratio of cllest girth to 
cahest depth also deserves consideration;P 

Tllroughont the whole question of using 1)ody mcasurcn~cnts to sul)plo- 
m ~ n t  studies of weight changes in cattle there runs as an uncl~rto~lc l l ~ e  
question of how accurate body measurements can be as objective clescrip- 
tions of animal form. I n  general, great accuracy is attained only ill t,lie 
~n~nsurement of rigid, bony structures, such as: hcacl length, C R I I I I O I I  

c~ircumference, or width at  eyes. Ho-vvever, these parts of tllc nliiiu;il 
I~ocly are usually of very slight direct commercial in~portance. 'I'llc (ic-. 
tails of conformation ~vhicll have a direct commcl.cinl importal~ce arc 
lor the most part concerned with soft structures which have curvctl 
sl~rfaces and are joined together by movable joints. They are tllereforc 
difficult or impossible to describe in a mathematical sense wit11 anytliil~g 
like completeness. It seems to us from our experie~lcc in this stu(ly 
illat body measurements shoulcl be regarded as of minor iniport;~llc~o 
coinpareci ~vitll ~veigllt changes, and that in most cnscs a systcill of 
artificial grades, standardized either by the use of moclels or of pic:u r.t1s, 

might more satisfactorily clescribe important details of conPorn~i~tio~l 
tllan sii-nplc linear measurements alone can. Linear measurcnlc31l t s 
sl~ol~lcl 1)c rcgarilccl as supj)lcln~nt,arjr to o t l l~ r  means of ~1esci.il~tion ratl1c11. 
il~uil :IS n sul~stitntc! for tllosc: ot,llclr mcalls. T11o gr(lnf, a(lvai~t:~gv of 
1ilic;lr I I I C ~ S U I . P I ~ I C ~ I I ~ S  is f l ~ r ~ i r  Iiigll clog1-ce of ol)jcct,ivit,y, 1vllic.11 a~ lva~~ t i i g t~  
t l l ~y  S ~ ~ ~ I I ' C )  \\lit11 110tly ~~reigllt. 

Literature Cited 

1. U~-otl.v, SRIT~II ( I~  
1927. C ; ~ - o ~ r c / l ~ ,  N ? L ~  I)c,r-clopmenl 1Yilk Spccirrl Rcfr~.c~lcc lo  710- 

nrc.siic Anin~cc1.c. V I I I  7 ' 7 ~ ~  IZelation Relwrcn IVeiy7rt 
G'rowll~ and Linear Grozut7h W i t h  S~~ccicrl Reference lo  
Iluiry Cc~iile. Missouri Agricultural Esl)crimcnt Sta- 
tion, Researcll Bulletin No. 103. 

2. Cocli~l, \Y. A. and Scverson, B. 0. 
1912. Changes in Form Due io Fatiening of IZorscs. l'ennsyl- 

vania Agricultural Experiment Station Report, pp. 134- 
140. 

3. Culbertson, C. C., Evvard, John M. and Hammond, W. E. 
1927. Finishing Calves, Yearl ings and Two-Year-Old Steers. 

Iowa Agricultural Experiment Station, Leaflet No. 22. 



58 BULLETIN NO. 385, TEXAS AGRIdULTURAL EXPERIMENT STATION 

4. Evva~-cI, Jol111 If., Clull~ertson, C. C., Wallace, Q. IV. aucl Ram- 
111011~1, 17. E. 

1926. il'lrc P e c c l i f ~ g  of Xincplc JZinerals Lo I~u lLen ing  8lccr.s. 
Tonra Agricultural I<x~)erirnent Station, Leaflet No. 1 G .  

5. J<vv;~rcl, Jolln JI., Cull)ertsoiz, C. C. and IJanimoncl, TV. E. 
1927. I~ozeg1cagc~s s l tening Two-Year -Old  S l c c ~ s .  Iowa 

Agricult 3eriment Station, Leaflet No. 23. 
6. Fisller, 1:. A. 

1 !)%5. ,Yfni is t  iccil l l J  f,,lf U C ~ ;  for Iicscnrc7f, IVor.7i~r.s. 23131,. Ulivcr 
&, Boyd, Edinburgh and Loncion. , 

7 ,  ~l~l11~011, 1':1111 
1925. Din Enl1r1ic7clzcn~g dn.s 0 s  Lprru.c.cisc7t rn, Pc71 ~ r ~ n r z ~ n c i . c s ~ ~ ~  

'11cipa?~drint7~,s /lo12 dcr G'clbwl-L bi,c X ? L ~  I ~ I b ~ ~ l ~ J z ~ . c ~ s  (1c.s 
llracli st?l~~c.s. A rhciteii cler Dcut,sclieli (~cso1lsc:liaf t Iiir 
Xiiclltuligskunde, Hef t  26. 

S. r ~ p ~ l s c j i t ~ l ~ ,  I r. 
9 1 I I $1 1 TJniri..~zcc7t,lcnqe?z iibcr. t7rn I$i7cfluss t7rr /$1*11ii711~- 

u n g  rcz~) dic ~ f o r ~ l ~ , b l o g i . s c h  c nnrl l>h?ysiologi.crlr n Gr-  
s ta l iung  des  TierkGrpers.  Kiilili Arcll., 3, pt. 2, 111). 243- 
361 ancl 5, 131). 207-288. 

9. 1111ltz, Ii'loccl 8. 
1 !):27'. il'ypc in Bcef Calves.  IVyoniil~g L4gricultur:~l Nsl~erinlent 

Station, Bulletin No. 153. 
10. Ilultx, F~~cltl R. ancl Tlrl~eeler, S. S. 

1927. T y p e  in T w o - Y e a r - O l d  Reef  S lecrs .  TVyonling Agricul- 
tural  Experiment Station, Bulletin No. 155. 

11. Lusll, J a y  L. 
l!jb?(i. P ~ * n c f i c a l  J fe i l zods  of 8 . s t imn i ing  f h e  Proport ions  of F a t  

nnd Boll e in C n f  i le Slnug7c t ered in Corn fnc rcial Prcc7cinq 
P7anl.s. Journal  of Agricultural Itesearch, 33, No. 8, 
])I). 727-755. 

1% Lusli, .Jay L. 
1 $1 '27. "Pcrccnlage of Blood" a n d  2llcnclclism. Jourllal of 

IIereclity, 18 :351-367. 
13. L ~ ~ s l l ,  J a y  L., Christensen, F. IT., Wilson, C. V., arlcl Black, IV. I[ .  

1928. T l ~ e  Accuracy  of Ca t t l e  Weiglcts.  Journal  of Agricul- 
tural  Research, 36 :551-580. 

14. Nonlton, C. Robert, Trowbridge, P. P., and Haigh, L. D. 
1921. X t z ~ d i e s  in A n i m a l  N w i r i t i o n :  I .  Changes  in F o r m  rcnd 

Tlreiy 7 ~ t  o n  I ) i . ferent  P lanes  of N u  Lrition,. J'lissouri 
Agricultural Experiment Station, Research Bulletin 
No. 43. 

15. I<icliey, Frederick D. and Willier, J. G. 
1923. A Siat is t ical  S t u d y  of t h e  Re la t ion  Be tween  Seed-Eny 

Characters  and  Product iveness  in Corn.  United States 
' 

Department ol' Agriculture, Department Bulletin No. 
1321. 



BODY MEASUREMENTS O F  STEERS DURING INTENSIVE FATTENING 59 

16. Severson, B. 0. and Gerlaugh, Paul 
1917. A Statistical Study of Body Weights, Gains and Measure- 

ments of Steers During the Faitening Period. Pennsyl- 
vania Agricultural Experiment Station, Annual Report 
for 1916-17, pp. 275-295. 

17. Severson, R. O., Gerlaugh, Paul, and Bentley, P. L. 
191 7. Record of Body Measurements of Steers. Pennsylvania 

Agricultural Experiment Station, Annual Report for 
1916-17, pp. 296-316. 

18. Shewhart, W. A. 
1926. Correction of Data for Errors of Meas?~remenf. Bell Sys- 

tem Technical Journal, 5 :11-26. 
19. Wagner, W. 

1910. The Development of the Body of Cattle from, Birth to the 
End of the Growing Period. Arb. Deut. Gesell. Ziich- 
tungsk., No. 8, pp. 162, Tables 15, pls. 14. (Abstracted 
in Experiment Station Record 25 3576.) 

20. Yapp, W. W. 
1924. A Dimension-Weight Indes for Cattle. Proceedings of 

the Annual Meeting of the American Society of Ani rn~l  
Production, Novemher, 1923, pp. 50-56. 


	b0385 0001.tif
	b0385 0002.tif
	b0385 0003.tif
	b0385 0004.tif
	b0385 0005.tif
	b0385 0006.tif
	b0385 0007.tif
	b0385 0008.tif
	b0385 0009.tif
	b0385 0010.tif
	b0385 0011.tif
	b0385 0012.tif
	b0385 0013.tif
	b0385 0014.tif
	b0385 0015.tif
	b0385 0016.tif
	b0385 0017.tif
	b0385 0018.tif
	b0385 0019.tif
	b0385 0020.tif
	b0385 0021.tif
	b0385 0022.tif
	b0385 0023.tif
	b0385 0024.tif
	b0385 0025.tif
	b0385 0026.tif
	b0385 0027.tif
	b0385 0028.tif
	b0385 0029.tif
	b0385 0030.tif
	b0385 0031.tif
	b0385 0032.tif
	b0385 0033.tif
	b0385 0034.tif
	b0385 0035.tif
	b0385 0036.tif
	b0385 0037.tif
	b0385 0038.tif
	b0385 0039.tif
	b0385 0040.tif
	b0385 0041.tif
	b0385 0042.tif
	b0385 0043.tif
	b0385 0044.tif
	b0385 0045.tif
	b0385 0046.tif
	b0385 0047.tif
	b0385 0048.tif
	b0385 0049.tif
	b0385 0050.tif
	b0385 0051.tif
	b0385 0052.tif
	b0385 0053.tif
	b0385 0054.tif
	b0385 0055.tif
	b0385 0056.tif
	b0385 0057.tif
	b0385 0058.tif
	b0385 0059.tif

