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mUSOetlON AND fOIFOSS 

IImi iaerauiiig fMfotaay vitk i^dUli iMMditary dtmrfian Iim hmn 

oeearrlag In thn tfetmn Mjor bvMdt of b««f eattlo has eaoaad groat con* 

coca la tho boof eattlo iadootry. Sovoral dlfforoat borodltary tjrpos of 

tbooo "dwarfo"a or "erotina", havo boon roportod by variono workoro In 

this fiold, but tho rarity of aost aakoa tboa of ainor oconoalc iapor-

taaoo. Howorora ono typo has boaaas frofooat oaoo^ that it is cur 

rently of ecmoidorablo ooonoailc olgnifieaaoo. Ibis kind of dwarfisa is 

cosnonly eallod tho "snortar" typo boconso of tho laborod broathing of 

aost afflietod aalaals* Sneh dwarfs goaorally ha-va a short lifo oaqpoc-

taney. Many dio at birth and others snecnab to bloat and othsr aetabo-

lie distnrbancos with incroasod ags. If "snortar" dwarfs reach aatority» 

thoy prodneo nadosirablo careossos which are lacking ia oiao nd finish. 

This "snorter** typo of dwarfisa is prosont in the Angus, Boroford 

and ihorthom broods. To date, ths pnrobrod brooder has probably soffor-

od tho aost drastic oconoaie setback, as the oeeurronco of dwarfs in 

his hard lowers his sale of brooding eattlo. However, quite a few 

coaasrcial hards have also produced dwarfs, resulting ia dollar loss. 

The poreontago of dwarfs found in all of tho boof broods is a natter 

of spocnlatloa, but tho froquoney of tiat condition is inoroasing. 

losoarch iadioatos that tho **mortor'* typo of dwarf results froa 

tho effect of a single antoooaal rocoosive gone in the hoaoaygiono con-

dition. On this asranption, noraal appearing, but hotorosygons, sires 

and dans tmsait this gone to their offspring in o siaple Mendolian 
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Mniuir, prodaelag ttirM kinifai of whon boterosygous porenta «ro 

■atodi eleaa or non-carrlor (phenotypically norawl and ganotypleally 

hoaoaygoos for the doatnaat noraal allala), carrier (pliaaoCyplcally 

noraal tot g«iotypieally totaroeygoua) and dwarf (ptonotypically dwarf 

and gaaotypically hcwaeayioue for tlia raeaaaiva gaaa). Tha occttrraaca 

of a dwarf la gaaarally dataetad by vlaoal Inapactloa la wblah eaaa 

both tha alra aad daa ara provaa carrlara* Howavar, tha probability 

of a dwarf*a balng prodocad froai tha aMtlag of two carrlar paraata la 

23 parcaat» idtleh laavaa a 75 pareaat poaalblllty that both would ba 

oadatactad. 

A cMrrlar toll aatad to a claaa cow hard alraa nqplacaawat off* 

aprlng la a ratio of 30 pare«at claaa aad 30 pareaat carrier* tlaca 

dwarfa do aot go lato tha breeding hard aa raplacaaMata, tha Incldaaca 

of dwarf laa would avantually bacooMt atablllaad la aa unaalactad cattle 

hard. For aaaapla, Luah aad Baaal of Iowa State Collage (1954) state 

that tha dwarf populatloa would level off at about 14.6 pareaat If all 

of the tolla aatad every gaaaratloa to an unaalactad cow hard ware car 

rlara. Xf 60 or 40 pareaat of tiw bulla aatad to unaalactad eowa ware 

earrlera» tha occurraaea of dwarfa would level off around 6.1 and 3,0 

percent» raapactlvaly. Bowavar, there aay appear a wide variation la 

tha actual occurraaea of dwarfa from year to year due to chance. 

If tha hataroaygoua genotype of bulla could ba dlatlagnlahad 

phmotyplcally aad only clean alraa aalaetad aad uaad. It would ba 

poaalbla to ultlaataly allalaata carrlar cattle. 



PorpoM 

Dm InercMing frequency of dwerfe in recent yeere eeeme to indi 

cate that carrier individoala have been favored in the aelection of 

breeding atock, althoogh enperiaental evidenee to confira thia ia lack 

ing. Dm canae of this trend in aelection ia not known; therefore,^ 

aaay reeaat reaaarah iaveatigationa have bean coadnatad to try to find 

■etiioda to detect carrier animala. One aatkod for the identification 

of dwarf carriera propoaed by L. H. Basel of Iowa State College in-

volvea taking X-ray pictnrea of the Inahar vertebrae of young calves 

to be used ia classifying the aniaHila into non-carrier, carrier and 

dwarf types on the basis of the preaeaee and/or absence of certain 

vertebral abnomalitiea. 

la 1954, the University of lennesaee, in co-operation with 

lowe State College, began rasearch on the problm of methods of dis 

tinguishing between non-carrier and carrier cattle* High (1955) pre 

sented results of the first year*a uetfc ia uhiah three known carrier 

bulls were SMted to cow herds thought to be relatively free of the 

dwarf guam. Dm progeny were X-rayed and classified into non-carrier, 

carrier end dwarf types on Dm basis of luahar X-ray exposures. Be re 

ported that the ratio of non-carrier to carrier in the progeny of one 

boll deviated soaeidMt from Dm expected 50:50 ratio, but was well with 

in the linita of ehanee. The ratios (carriers to nm-carriers) enang 

the progeny of the other two bulls were approximately the asms as ax-

peatad. High (1955) also preaentmd reanlta of a atu^ of tha relation-

ahip of various body neaaoresMnts to genotypes for bovine dwarfiam as 
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•atiaatftd froa Z^rajra of th« lonbar vortobrae, 1h« roaulta of thla 

atadbr Indicated that praaoaad caarlar aalnala (by Z-ray datarnlnation) 

mdiibited anpmrlority in aooM daairable baaf cattla ebaraeteriatiea. 

Ilia pnrpoaa of thla papar ia to pvaaant tea raaolta of farther 

•tndlaa on tha raloa and intarpratatlon of tiia Z-ray teehalfoa ia tha 

idantifieation of earriara of toa daarfiaai gana. 
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iifuv OF Linuvnti 

Aa •IgJitHBoiitiui-old HtMford calf, th« aamlt of aotias• 

bvo4 boll oatf a i^ood $rada Hamford cow, caaght tlM attwibiott of niaoorab 

poraoooal at OklatwaMi A b N Collofa la 1923. Cbaractarisad by a tM*ral 

dwarf•lika ceaditlon - abort aad irragolarly coroad logo, abaawally 

largo jointa, abort and thlckonad faoo, and a narwooa dlapoaltloa• 

tbla ealf provided tba firat rofereaeo bo bareditary bovioa dwarflaa 

In baaf cattle by Aaericaa workers. Craft aad Orr (1924) reported that 

oaly aligbt iapvovaaMmt waa aede by the calf doriag a twe«awathe obaer-

vatlea period. Slaagbter data oa the Ibea taaHBontha-old, 330-poaad 

calf revealed no ateecaalltlea of Idia viaeera aad aH»y of the glaada. 

Eowever, the pltoltary wee oaly aboot one>half developed, the tbyrolda 

aad parathyroids were aboot oae-flfth noraal else, aad the bones lacked 

aorawl flmaeas. Ihos, dlsregardlag hereditary factors. It was coaelod* 

ed that iaaofflcleney of partlcolar endocrine aeeretlooa, prlauurlly of 

the abnomal tlqrrold glaad, was the lanedlate caoae of cretlalan. 

Laab (1930) reported oa another type of daarflan enhlblted by 

Hereford cattle of weat caatral liKaa. Ho algae of boll-dog heads, 

ealerged Joints, or other boae nelfonsetloas Indicating a faypothyrold 

condition were fmmd. Instead, the bodies aad heads were eqoel in also 

bo thftse of nomel porebred Hereforda. Ihe oaly difference itoa noraal 

Harefmrda was tthet la antora cattle the legs were foor to six Inabaa 

shorter. Aeaa **dDck-legged** cattle ware the reaolt of eoatlnaad oot-

eroaalag of herds to porobrad Hereford bolls with tiM offiaailenal eae 
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of•ahort-leggsd grad* boll accoopanlad by aalactlon of ahort-laggad 

famalaa. Such a braadlng plan prodiicad a large pareantaga of **dack-

lag" calvaa, althoogh aona bad lags of normal langtb. Itaoa, It was 

eonaladad tibat thla charactar la Inharitad In ala^le Mandalian aunaar 

and prodnead by tha action of a aingla dominant gaaa. 

laaaareh baa baan Intanalflad throngh tiia yaara aa varlationa from 

pbenotypteally normal calvaa bava appaarad. Wltb thaaa ineraaaad afforta, 

aavaral typaa of baraditary daarflam bava baan arootintarad in tba thraa 

taajor baaf braada, Haraford, ttiorthom moA tba diffaranaa ba« 

taaan tfpmn baa baan in tha diatinet morphological ebaraeterlatica of 

aaeh. 

gfonahar and torn <1944) raportad an axtraaw dagraa of coa^aet* 

naaa in ̂ aa pnrebrad Ittiorthom harda locatad in Colorado, Nabraaka 

and Emaaa. Body typa variation in thaaa harda waa not eontinaona, 

but waa aaaily divldad into two diatingniababla gronpa. Cenparad with 

Umi larger, mora vqiataadiag cattla of tba **atandard'* grotqp, tba **aom-

paeta** wara maall, ahort-laggad, thick animala that found favor with 

mny braadara. No Mmpaet individiaal raanltad from atandard X atan-

dard matlnga* Oaing compact bulla for concantratlon, tha dagraa of 

compactnaaa notad from eompact X atmodard matlnga waa aqoal to that 

of compact X compact matlnga. Xrom tha obaarvad ratioa of tha variooa 

typaa la unaalactad calf crqpa, it waa conelndad tiiat tha charactar la 

tba raaolt of a aingla dominant ̂ na, 

■aaantly, ttomakar (1954) raportad tha "ocmpraat** typa in Hara 

ford cattla to ba a aimilar cmditioa canaad by an incooplataly domi-
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•Mt turn. In tbm kemoaygouB doainit eondition of tla gtiia on oxeront 

t]rp« of diMtrfiOBi roooltod, hot did not oppooc feo bo•• pMOOOOOOd In 

Borofordo «■ la fhorthorno. k bl|^ yogcoatoto of raoli duorfa aoro 

erlpplod or "erocdcod-lotaad"* loaoorch eoadocfeod la OklaboM bjr 

£UyL* (1934) ladleotod Idwt olthor tbo gOMO ro^pooolble 
for dwarfim la ''eooproot" Horefords oad tJio *'onortor'* dmurfloa of 

eoavoatloaol Boroforda oad Aagna aoro aAloloaorphle or tho "eooyroat** 

oattlo la Iteir Coat corriod a hlgb froqaoaoy of tha roooaaiao '*anort-

4mtati goaa foaad la aoa-ooaproat eattlo. 

•akor at al. (1950) r^rtod tliat "afenay?" ttiortliora ealvoa bo-

gaa appoarlag la aoM porobrod borda la M^raaka aboat 1940. Ihoy aoro 

eharaeCorlaod by a early halreoat aad aoall awlteb, idileh aada tboa 

oaally diatli^lahablo at birth, aebondroplaala, partlcalarly la tho 

beaad forologa, «ad aa aaldurlftlaoaa aUoh iaaroaaod altii ago. lhaao 

calvoa aorvlaod oad riq^rodoood doapito thalr laek of alao aad vigor, 

tha roaolt of iatoaalva llao broodiag, "ataapy^ ealvoa of both aoaoa 

aoro obaorvad la aa alaoat porfoet 3tl ratio (aoraalsataapy). Coa-

eloalooa lima ladleotod thla abaoraality to bo aoa-lothal, aoa-aax* 

llakod aad eaaaod by a alaglo aatoacKBal roeoaalvo gano. 

Aaothar typo of daarflaa ayadroam la Aagna eattlo aoa raportod 

by iakor at al. (1951). tho abaorvad ratio of aamal to daarf la tho 

offaprlag, raproaoatlag botik aoaoa, irom provoa hotaroaygaaa aaitlaga 

eolaeidod with tho alaglo roeoaalvo goao Iq^thoala. Hot roadlly dla* 

tlagolahablo frea nomaley at birth, tiwao Aagaa ealvoa aahibltod cea-

paet, lov-aet, thlek bodloa with abort, wido hoada at varlooa agoa 

/k-iV 'j!. 
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to three aonth* of eg** At early ages they generally poaeeaseA a 

higher degree of fatneaa than did the "atanpy" Shorthoma of ceapar> 

able age. ttwaever* a noted loaa of the early initial high finiah 

oeeorred vith tnrreaalng age. Alao, the head beeaaa relatively looger 

and narroner than at an earlier age. 

Klinga (1953)oentioned tiiat there i^[»peared to he aix or oore 

aiaiple receaaive genea eaoaing duarfiae aiaong the three aajor beef 

breeda. Moat of theae, according to Loah and Baael (1954). are ao 

rare that they have little eeenanio taportaaee. Bowever, they atreaa* 

ed chat one particnlar ^fpe of inherited dnnrfien, iddah they temed 

"aaorter". haa becena frefnant enengh la beef eattle to be an eeonaaic 

problea. 

lecent atndiea have thna been directed priaarily toward the type 

of hereditary dwarfiaa firat reported in Hereford cattle by Craft and 

Orr (1924). geeent reaeareh by Jefanaon etf al. (1950), Gregory at al. 

(1951), Lindlay (1951), llinga (1953), Lnah and Basel (1954) and fah-

alah at al. (1954) verified the earlier werh. ttitii no elaboration, 

Gregory at al. (1953) aog^ated that the "anorter** type of dwarfian 

waa alao present in the Angos and ihorthora breeds. High (1955) 

stated that croaa-bred dvarfa fron Hereford-Angus natinga gave evi* 

dance that this dwarfien nea e«Bditioned by the sane gme la both 

breeda. 

:barveetigatora noted that nany of these dwarfs died pteviona to, 

daring, or shortly after birth. However, ia the ease of survival, nany 

■Mrphologieal saaifastationa of this dwarfiaa ayndrone were exhibited 

in varying degraee and did not always peraiat for an extended pertod 
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of Uao. Ihor* ar« conflicting report* «* to th* ago these character* 

istics were first exhibited by afflicted aniaals. 

Johnsee at al.(1950) reiMctad that the bod^ dlatttaisna of 

noeiMB dwarf Hereford calves rasawblad noreal cattle iritJi the axa^* 

tion that the dserfs were sliihtly wider ami blockiar than notnal cat-

vas. fessaastott of w&da« Mit«re*looking heads with bulging foreheads 

enabled easy identification at birth* Other workers report^ however, 

that these individeals first begin to exhibit dwarf traits froai a 

aonth to four aooths of age. 

Lindley (19SI) and MmUk at al. <1954) fonnd the birth wei^ 

of dwarf calves to be variable. Soani waists were ogeel to those of 

nocnal calves. Johason at al. (1950) Indieatad that this aomel 

weight of sane dwerfs conbincd with wide heads and blockiness of the 

bod^ increased calving difficulties, especially with first calf hei* 

fers. In the case of dWMrf dano, Lindley (1951) and Stonaher (1954) 

said ceeserien seetiim rsweval was generally neeeesary for servival of 

both deal end offi^ring. Lindley (1951) and Faheish at al. (1954) 

noted bulging eyes end a glassy stare in dwarf calves at birth« bet 

these bsfw less eppexeet with age and epproeehsd noraelity after 

oae anath of age. 

Malocelnsicm, censed by en undershot Jaw, first observed by 

Johnson at al. (1950) and later by Lindley (1951) and Ilings (1953), 

was generally found to be present at birth ad persistat tfaronghont 

life. In contrat, the disproportion mddhited at birth by noneel 

calves adjusted to noraelity with increased age, flings (1953) du* 
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erlbed « eontimums tongue protruaion that waa eooBMMily obaaavad in 

aauborn dimrfa during tha firat faw waaka of Ufa. Fafaaiah at al. 

(1954) foaad an adjuatnant of titia lattar trait to noroal within tun 

Fahttiah at al.(1954) «id othar raeaat iavaatigatora found af-

flietad aulaala aaddhiting anaaular vaakaaaa, faulty a^ilihriam and 

ittoco-ordinatioa at birth, fliaaa eharaetariatiea oftM raaultad in 

tha inability of tba dwarf atand or to msraa ita dan without aaaia-

kanaa, Sona axtrana aaaaa had t» ba aaarifiaad, vhila othara prograaa« 

ivaly gataad in atraagUi with pvopar nouriabnant. Wamy*, thaaa traita 

wara paraiatant throu^iook lifa, thoai^ watiabla in ttm dagraa of ax-

piaaaion. Kindquartara not tracking with tha front aa bbaarwad by 

Elinga (1953) waa awidmaad only during rapid notion. Inaeklad ovar 

paatama and eonplata eripplaa wara rara* but an autopay of ona auch 

dwarf by Jbhnaon at al. (1950) rawaalad contraction of tha flasor tan-

dona of tha laga. 

Gregory at al. (1951) raportad that dwarfa of all agaa had a 

abortaaing of tha long bonaa. By pariodia naaaurananta and ganaral 

Obaarvationa fron birth to naturity* Fahaiah at al. (1954)fond that 

nala dwarf calvaa axhibitad proportionately abort foraaannona ihiah 

tandad to paraiat throughout lifa. 

Although dwarf calvaa do not alw^ra daviatad appreciably fron 

noml bod^ proportiona at vary young Bgut, aeveral iavaatigatora 

•uggaatad that the fraquant occurmaa of timaa traita night enable 

early diagnoaia. Bawavar, HhiUlirti at al. (1954) atraaaad that 
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naalfeatattoos of dNarfiam mv not conBionly oidiibitiad at birth bnt 

wera (teaolopod and sMilataiaad dnrlng the poataatal pariod. 

Vlth tha birth valuta of diiarf nA nomal ealvaa aonatlaaa 

eo^pardbla, tha adL^t qpipaaraaca «aa not alwajr* iaeHtstely avldaat. 

All vorkara wwa in agreaeent, hoaavar, that tha daeraaaad grovth 

rata of dmrf individnala aoon producad pronoimead aisa and aalght 

dlffarancaa. Pabnlah at al. (1954) noted thaaa diffarancaa within 

thraa nonths of aga. Rqraiologieal atsodiaa by Carroll at al. (1951) 

to dafiasaiaa the aanaa of thla atontad growth iadieatad that tha pit 

uitary glanda wera dafieiant in tlqrrotropie homona. Additional 

atadJaa ravaalad that growth and gonad atioulating honoonas ware pre* 

aaat. Although apaeifie andoerlna intarralationahipa of dwarfa ware 

not datamiaad, these workers saggasted that cretin characteristics 

ware understandabla if a hypotlQrrotd condition ana iavolwad. 

Although naidN»n dwarfs naaally had or soon attained a mture 

blocigr <vpaaranee fron a aide view, it waa atraaaad that thay aoan 

dtvilaiKid a narrow bash and loin. This waa snghasisad by an enlargad 

shdenan and tha inclination to bloat with iaeraaslng aga. Both spora 

dic and chronic caaaa of bloat ware obaarvad, and it waa generally re 

ported that this waa frequently tha causa of death. Pahnish at al. 

(1954) found relative body narrownaaa gnarally SKpaarad at about 

one nottth of age and blontii^ baeana avidant at thirty to aixty d^fa. 

Open autopsy of a dwarf calf, Johnson at al. (1950)found a bloated 

to be overly dlstandad tait exhibiting no gross lesions. 

Investigators reported that as the pot-bally and bloating 
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eharacterlttics of dwarf* davelopod, braathiag baeam haavy and foread 

both at raat and following axartloa. Ooca davalopad, this raspiratory 

dafaet parsiatad amaiag adoption of tha tam "anortar dwarf". Post-

sMNrton anawinattow by Pahaish at al. (1954) rawaalad no roapiratory 

traet ohatraatlon, and it waa eonelodad that bloating wna a eontribot-

iag factor hot not tha basic aaoaa of doatii. 

All invaatigatora notad a ganaral lack of tfariftineaa shown by 

dwarf ealvoa beginning at two to thraa aamtha of ago and paraiating 

with aga. Pahniah at al. (1954) notad that two-yaar-old dwarfs of both 

aanaa poaaaaaad tha ability to attain a fair dagraa of canditimi if al-

lowad an anraatriatad ration of alfalfa. 

Althoai^ dafaata taaarally eaaaa aarly daa(^ of dwarfa» a faw 

raaah Iho aga of aonaal natarity and caprodnctiMi. lha ganadotropic 

homona was fonnd to ba praaant in all dwarfs aatopaiad by Carroll 

at al. <1951). Littdlay (1951) notad that tha ovaries of dwarfs war* 

apparently noaaal, and nany workara hava obaarrad noraal haat parioda 

in fanalas. Jahnson at al. (1950) and Lindlay (1951) fownd wary faw 

apaawatoaa praawt in tha tabnlas of tha taaticlaa «id tha genital 

tract of two-yaar-old nalaa. giffienltiaa in obtaining aonaaption in 

dwarf actings ham bean raportad by Pahniah at al. (1954) and Inrii and 

Basal (1954). 

lAsh and lasal (1954) dMcribcd the inharitanea of tha "anortar" 

typo of dwarfian. Oasigaating the noraal damlopaant gma as£ and tha 

allala for dwarfiaa as j|» thay fonnd cattle to be of only thraa kinds: 

noraala (IBI); hatMmqfgom noraal-igpamring carriara 
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(Ma); «a4 hoiaosjrgotut dmrfs (im). Sine* m parent prodnent t t*ni Mil 

eontaialng only oan gnan of oach Mt «a4 sinen botii mkmi am afoal in 

thalr ability of trananittanea, six typaa of laatinga and Idiair raanlt> 

ing off^^ring nara obaarvad: (1)m X MM prodoead all Ml nomala;(2) 

W X lb prodnead ona-half W and ona-half Mn earriara; (3) Mot X Ma pro-

dncad lAont ona-fonrth HHt one-balf Ma, and ona-fonrth tm duaxtB; (4) 

m X nn pro&tead all Ma earriara; <5) Mn X nn prodoead abont aoa-balf 

Ma earriara and ena-balf nn daarfa; and (6)nn X nn prodnead all an 

dwarfa. 1)ppa 1 nating baa bam tiae daairMkla one ainea no earriara or 

dmnrfa raanlbad. typa 2 baa eanaad tiba introdnetion of dwarfian into 

harda. Tppa 3 baa prodnead dwarf offapringv Matinga of typaa 4,5 

and 6, naing dwarf paranta, bava bean uaad only for capMimental pnr-

poaaa. 

fbay atatod tbat a aiagla pair of gaaaa anat baoa baan raapon-

aibla for tola type of dwarfim, or alaa tba offapriag froa provan 

earriar natinga would not bava aAarad aa eloaaly to fha atoaetod ratio 

of tbraa nonaala to <ma dwarf. 

Laab and Basal (1954) alao notad that the "anortar" typa of 

dwarfiaa waa toaatieally diffarant froa the fairly coawKm "co^praat" 

or "eonpaet" typa. The *'aaortor" typa wna raeaaaiva, and tbe dwarfs 

warn aariooaly bmdieappad. Tha conpraat or eonpaet Qrpa of dwarfian 

wna dfwrtnant, or at least saatL-doniaant and the dwaHa poaeeaaad good 

vitality. 

tha aax ratio anong dwarfa ia ab(wt 50:50. tboa, raaaareh 

workara bava eoncludad tbat this typa of dwarfian la not ralatad to 
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Itbma dmrt calves ars bom tae normal parents. It is knoen that 

botii the sire and dsm are carriers. Lash end Basel (1954) noted tluit 

apparmt enactions to tills rule mere cansed <mly Iqr variations in tiie 

msdher of mates that mere carriers and by the chsmee flactMstions ehish 

occnrred in small sanples. "Bigh trsnsmitter" balls happened by dumce 

to transmit a large nnmber of dwarf genes to the small ssmple of calves 

tiiey produced, or they mere used on a cow herd having a high percmtage 

of carriers. 

Beeanse of the low feewndity of the cow, the dwarf gene is gener 

ally introdoccd into a herd throwgh a carrier ball. Bsed on a hard of 

entirely normal howKksygoas cows, a carrier ball would be undetected, but 

abmit one-half of his calves would be carriers. If his successor were 

also a carrier, aboot rae-eighth of his calves from dsnghters of tiie 

first bull would be dwarfs. Ihis would result in the second bull er-

ronsottsly being considered responsible for this condition in tiie herd. 

Hith tiM increased incidenee of this tfP* dwarfism in many 

lines and herds of beef cattle. Lush and Basel (1954) suggested the 

possibility that normal heterosygous carriers have been preferred in 

the selection of breeding stock over homosygous non-carriers. This was 

in agreement with earlier investigators who theorised that carriers be 

longed to the relatively modem type grosp of interwriiiate individuals. 

Bewever, no published data have confirm^ this theory. 

fhus, tiM economic aspect of this problem has caused most recent 

research to be concerned witii methods of eontml or elimination of dwarf« 

ism from beef herds. Lush and Basel (1954) discussed the advantage and 

limitatioos of the following methods: 
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Cl—o-ttp by p«41«r—. C«rtain hard* and famllias ara clalmd to ba 

fraa of dwarflaoi. Bowavar, padlgraas ara poor crltarla baaawMt (1) 

tha factor aay ba In to fav Indlvldoal* of snob a bard that it oMtraly 

baa not abom up yt,(2)errora occur in padigraaa, and (3)carftar 

blood liaaa paaaaaa mmay noa-carriera. 

Claan«tin by dlacardlna tha daarf'a close relatlvaa. Ibla awtbod la 

baaaficlal but loaaa Ita naafolaaaa aa tha ralatioaabip baecaaa ra-

oota. Tba probability of a aocaal-appearing relative of a daarf carry 

ing tba dwarf gene ia aa followat parent, 100 percent; full alb, 67 

percent; half alb, 50 percent; and acm or daughter of a half aib, 30 

to 40 percent. At praaant, tba nomal-ai^aaring aninal in tha beef 

braada baa a probability of 15 to 25 percent of being a carrier. 

Claan-tB> by progeny teat. Tha prcdbabllity of a carrier bull revealing 

hia true genotype incraaaaa with tba nanbar of calvaa ba airaa out of 

carrier aowa. It ia racogniaad by aavaral workers that eleven calves 

froni known carrier cowa ara aefficiant to aatabliah tha ganatic cbarae-

tar of a bull at tha 5 percent level of probability* About aintaan 

calvaa from carrier cows would ba naadad to prove a bull aa homosy-

goua nomal at tiia 1 percent level of probability. 

Tba tine involved and tiia inacoiraey of aoaa of tbaaa natboda 

have indicated their Habitation aa speedy aaana of coping with this 

aooncNsic problan. Thus, recant atudiaa have bean aoneamad with find 

ing natboda to aid ia tha detection of carrier snlaala. Lush and Basal 

(1952) and Gregory at al. (1952) reported unsuccessful attaspts by panels 
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of eaap«twkt: jodgiM to dlstlngalsli hotmaa aon-c«rrl«r0 and pxovm 

carriers by visoal Inspectiea. Bwrf calves ware produced by cows 

and bulls differing greatly in type. 

iinea they fomtd the bulging forehead to be the nost consist 

teat manifestation of ̂ biarfira, ̂ egocy, at al. (1931) devised a pre-

eisloa lastrumant, tiba profilaaNiter» to accurately chart the ImnmI pro 

file. By determiaatloa of the parietal-froatal juncture (tfJ) 3 cm. 

from the posterior origin of the profile, the mld-forehaad point(MfF) 

at one-fourth the head length from the posterior origin, tiia nasal-

froatal juacture (VfJ) at the point of rise of the nasal bones, sad 

the vertical dlstmsee of each of these three points from the chart's 

base line, different types of basle head profiles ware determined. 

Ctietery at al. (1954) claimed that dwarfs, carriers and aoa-carrlers 

eould be distinguished with 90 percent or more accuracy. However, 

the use of this method along with progeny tests by Pahnlsh et al. 

(1954) and Stonsher (1954) did not confirm the Investigators' high 

estimate of accuracy. 

A msre recwit matibod of differeatlatlon has been Initiated at 

Xowa State College by Dr. L. H. Hasel using Z-ray pictures of the lum 

bar vertebrae of young ealnms. Using tills as the basis of distinction. 

High (1955) reported comparisons of body measurements among dwarf, 

carrier and non-carrier animals. Insults Indicated that animals classi 

fied as carriers from Z-ray pictures of the Inahar verthbraa wtnre of 

mere deslrdble beef l^ppa than non-carriers. Also, five body msasure-

hents. Including weight, loin width, head lengtii, cannon length and bo^ 
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length, were need In the enlcttletlon of e dlecrlainate function. In 

this function, cennon length wee eppermtly the aoft diecrinineting 

of the meesereeente included. 

Aecording to l«eh end Basel (1954), bulgineas of the forehead, 

Z-ray picCnrea, hlood taste, honema activity, and aMMSuraMata of the 

head, body, lags and tail are several plMiaible clues now under invea* 

tigation in an effort bo find aecnrate awthoda for early separation of 

carriers from non-carrier individuals. 

• , - -O' 
.,v ';r'. 
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eoflBmem fipciWtt 

I'imf mni 

k portable X-ray BMchlna was aaseablad in 1954 by Mr. B. A. Bnnsa^ 

with tiia aaalatonea of Mr. J. M« Griffith^ to aoat tha nooBa of varlooa 

aataol roonti^nology ospariamitatimi carrlad on by tha Bnivaralt^ of 

Xtanoaaoa. this ■aching woa not the proAaet of ena MBMifactnrar« bnt 

wng aaooihbled froa parta aonnfaetared by eeverel different firae. Ihie 

aoehine, deeigned to giwe deeired capacity while being eeeily trenoport-

eble proved inveloable in this experiaent aince aoch handling of tha 

efnipaent wee neceaaory. 

this aoehine had a fifty aillioapere end ninety kilo-volt C4q>a-

eity end woa eaaily dieaaoenbled into three aoin ■ectlooa. the first 

seeticma the Keleket controls* was asde op of a control panel eensist-

ing of en aaaeter* voltaster, filacent aeters* switch and an aato-trans-

foiaer st^ odjostaent. A Xeleket aechanical tiaer calibrated in one-

eighth seeonds eontcolled iiw tlae of egqNMmre. the etmtrol box with 

oatlet end transforasr cables weighsd sn^roxiaately 100 pounds sod was 

easily handled with the aid of eastera and handles, the seeend section 

consisted of a Wsstlnghsese transforasr* cathode and anode cables sad 

attached tnbe head with e 4.2 ailllaeter focal spot tube* this 100 

aillisnpere* eighty-five kilo-volt* hi^ tension, step-up ^e trans* 

fonanr end its coaponent parts weighed shont 220 petnds end was the 

Ig. A. Bnnse* Manager of Dick X-ley Coapeny* Kooxville, tennassee. 

3j. M. Griffith, Assistant dalasl Mnsbsndnsn of the Oniversity of 
tennassee. 
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moMt difficult section to handle. Excellent protection of the tube 

ves eccoapllshed by cloth wrapping and by placing It In a padded wood 

en box wben not In use. A Isstlngbouss knockdown stnd swds op the 

third section. Gonslstlng of a cast alualntas base with three and one-

half Inch casters md a flwe and one-half foot stainless steal upright 

with t»be attachnent and ratchet assenbly* this section was easily 

transportable and allowed speedy adjustment of the machine during op* 

eratlon. 

t«q»plamantal eguipmsnt was asaantlal. A four and ana-half Inch 

dloeter cone was used for concentration of X-rays. Boxes of 10 X 12 

Such Xodak Blue Brand film and al|ht cassattas ware stored In a port 

able lead-lined plywood box along with a stationary wafer grid. This 

enabled easy transportation and protection of film which was kept close 

at hand during operation of the machine. Calipers graduated la one-

half centimeters were used to maasara loin width. Two txie-elghch ineh 

lead-llaad shields, 2-1/2 X 6 feet, with 9 X 11 Inch lead glass win 

dows for viewing maahina and animal gave nacassary protection to op 

erators during exposures. An extension of fifty feet of mnber six 

soft strand cable was carried Cor settle In plaeea wliere the outlet 

was relatively Ineeiesslble. However, use of the extension ceble 

osnsad a reduction In voltage. 

All X-ray aqnipoMmt was transported wltii adefuats room in a 

Chevrolet "carry-all'*. The afeipnent was easily asseshled or dis-

assanhled for use or transportation within tan to fifteen minutes. 
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3 
Onlifct the procedure aeed In 1954 » eeeh cell to be Z-reped 

wee leld on ite right tide end securely etriq^ped to e plywood board 

three feet wide, fowr feet long end three*foorthe inch titlck* three 

1-1/4 X 1/8 inch web belts thirty inches long were spaced on the board 

to peralt strapping the calf aroond the neck, aronnd the owtacarpals 

of the forelegs and aromd the netatarsals of the hind legs (rignre i). 

these belts ware held finely in place by 2Z 1/8 inch stri^ iron bands 

fear inches long bolted to the platfom, and provided adsgnate strength 

for restraining the calf, twin, two inch steel rings bradded in place 

foraed a aelf tiihtoaiog bwckle for each belt. It was found that doable 

wrapping before buckling was aaceasary to secore the legs. Once the 

calf was secured to the platform, a heavy cloth was placed around its 

head and was effective in guieting the calf. 

the platform was kept in relatively the same position in re 

spect to the Z-ray machine for all exposures with the calf lying widr 

its back toward the unit. Once the calf ms in place and guieted, a 

loaded cassette and the wafer grid were slipped under its loin in an 

oversised alot idiich enabled adjuatneat according to the sise of the 

calf. Ihis slot, the msehanical edjuatmeats of the tube heed, and 

slight msvamsnts of the platform made centering of the tube head of 

the machine on the loin and film relatively easy. 

^Ihe procedure described by J. V. Bigh, Jr. was one of awrely 
^fing the calf, laying it on its side and Z-raying the animal once it 
had quieted sufficiently in Om hands of a helper* 
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tm or aoro lotorol aqpooorot «m mdo ot aoeli calf*• Imbor 

vartabraa aalag a diataaca of thirty iactiaa batnooa tiia X^taj taiba 

and the flln. Cmtarias of the light hoaa hetwaon the third and fonrth 

luabar vartabraa of the calf and tha center of the grid md film aaa 

alvays attanpbad in order to radaca tha possibility of a distorted 

isMga^ this procadore* accompanied by tha osa of fast film* prodnead 

ameallant raaolcs vith surprialagly few films mimad daa to calf move* 

tha machine aatting for aaeh aapoanra was datarmiaad by tha 

calf'a loin width, the width of tha loin of calves X-rayad in this 

aj^rimant ranged from nine to fifteen cantimatars with a mean of 

proxiaataly twelve cantimatars. An attempt was made to atandardisa 

a^poaaraa by naing a canatant milliamparaga of forty. Tha fcilo-volt-

>aga was than set within tha range of aavanl^ to alghty-fiva with iqp-

prosiaataly savantf-sin aa tha most freqamt adjoatnant aaad. the 

two axposnras ware usually taken at one-fourth and thraa-aightha of 

a second at constant 8d.llianparaga «id kilo-voltage for each calf. 

This procedure varied slightly with minor adjustments batwaan tha 

first and second ai^osnras for calvaa whes they were axtramaly small 

or particularly large. 

rfgara 1 shows tha equipment and llluatrates tha matihod fol 

lowed in taking X-rays. 

Althouih growthinass of tha calf seemed to be tha controlling 

factor, generally tha msrlimiw age that a readable X-ray could be taken 

conaiatantly with this portable machine was a little over two waaks. 



llMi dtfvsloping ■Mcular tissue of tbs loin appeared to be the prlnary 

cause of hasy laages. Dissection of two calves also indicated that 

the developing ruawn on the left side and the greater density of the 

enlarging liver on the rlg^t, plus soon other internal orgn or organs, 

prodoeed a auMklng effect of vertebral outlines. The severity of this 

■asking effect tias variable, bet increased with sise and age of the 

calf. The use of fast film, a grid and cone increased tlie quali^ of 
4 

exposures over those nade in 1954 , particularly in the case of lar* 

gar calves. 

The procedure used in this study was than effective only on 

calves frcna one day to two, and possibly three, weeks of age. Sfforts 

are being a«de to develop techniques which will consistently allow 

readable eoqiosures to be swide of calves past two wedKS of age. One 

such technique atteaq>ted to Z-ray calves standing in a snail stan* 

cbion which held the calf fimly to prevent aoveaent and yet allowed 

the paanch and internal organs to fall away fra« the vertebrae. The 

results obtained by this nethed showed little, if any, inprovenent 

in the quality of cjqposures and no decrease in the ttasking effect. 

Processing (Devel<^ing) Z-ray filaw 

Kith such extensive use of Z-rays in this project, a ssmII glazed 

tile room was developed into a pemanent darkroon. Care was taken to 

elisdlnate any source of white lijht around doors and windows to prevent 

detrlnental reflection of light fron tiie tile. The lack of a dark 

en previous work by J. W. High, Jt., slow file wiS nsad withont 
a cone or grid, and the esqposure tine ranged fron one to three and one-
half seconds. 
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colored, llght«ab«orblng finish wee not loqportent since only « flf* 

teen-vett Kodak safe 1«b^ was nsed. Corrosion-resistant, stainless 

steel tanks were used for all solntions. Fiber top work benelias, 

thirty-six stainless steel film hangers, a drying rack and a aMchani* 

«al alar« doc'; cosg>leted the equipoant naeessary for the efficient 

processing of films by hand. 

The nannfacturer's instructions were carefully followed in the 

preparation of developing and fixing solutions. Five quarts of Kodak 

Idquid X-ray DevelqjMir and Replenishar (Solution 4)was thoroughly 

■ixad widi watar (one part developer to five parts water) to fill Che 

clean five gallon developer tKdc. Hardener (Solution B) was added 

to each freshly prepared solution. Shen replenishar was needed to 

BMintain desirable quantity, one part of Solution A to two parts water 

was added. The sane procedure was followed witii Kodak Liquid X-ray 

Fixer «d leplwiishar (Solutions A and B) in the clean fixer tank, 

double the capacity of tlM developer tank. It was found that best 

results were obtained by nixing fresh developer after processing 900 

to 350 filaw and new fixer solution after 600 to 700 films. Beth ef 

these solutiims were kept at a constant optimum temperature by the 

use of a thermostatic valve on the master rinse bath tank in which 

tiw snaller solution tanks were set. 

Since there was sons fluctuation of water teaperatures in ex 

tremely hot weather, a Kodak tine Tisqisretare Indicator Chart was 

closely followed in developing filiss to coaq>ensate for solution tsnp-

erature variations from the optinnm processing temperature of 68^ F. 
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Bowttwr, tolaeioa tenparAtorft genarally allowad aoznal procaM* 

lag of fottr odnntes in Ifia dovolqsor, aboot thirty aaeonda in tha 

riaaa hath and a ainiMn of flftaaa aiavtaa in tha fixar. Itocb pro* 

eoMiag aaahlad a eoaiplata hateh of tthtrty*aix filaa to raaeh tha 

final naahing;, after fixing, in apprexlaatoly fift^ adnotoa at op* 

tiana ta^paratavaa. Tha final aaahing wu for a atntaua of mo hoar* 

Aa final procass of drying aaa aatiafactorily aecoiapliahad at rooa 

taaparatnra in thraa to four honra hy hanging tha filaa in wall raeka. 

Thna, tha procata of daveloping fila to obtain a wall*dafinad 

iaaga aaa ana of carafnl rootina proeadnra. Wo fila in thia anpari* 

aawt aaa aaiMdable doa to poor darlcrooa proeadnra. 

Claaaifieatioa of X-raya 

lha prineiplaa uaad in tha elaaaification of tha X*ri^a warn 

daviaad by Dr. I«. M. laaal of Iowa State Collaga. During 1954, Dr. 

Haaal teniht thaaa prineiplaa to thraa aaabara of tea ataff of tha 

Dhivaraity of Waaamaaa^ during hia elaaaification of tha firat ax-
poauraa. tinea that tiaa, all aiqpoanraa have baan claaaifiad aecord-

Ing to thia aathod by thaaa thraa aalnal hnibandnaw. 

Tha ventral outline of tha body of tha luahar vartabraa and 

ita vartieal ralationahip to tha ventral adgaa of ita Mterior and 

poaterior ̂ iphyaea waa uaad alaoat aatiraly aa tte baaia of claaai-

^Dr. I. J. Warwick, regional co-ordinator of Project S-10 
"Baaf Cattle Breading" for tha Southern legion; Dr. H. J. fiaith, 
Aaaociate Profaaaor of Aninal Huabandry at tha Onivaraity of Ihnna* 
aaaa; and J. K. Griffith, Aaaiatant Aninal Hnabawdhan of tha Ihiivor* 
aity of Taanaaaaa. 



26 

fication. Hm proportional also of the different parta of each ver* 

tebra and tibe preaenca of density (preaaora) lines vere also conald* 

ared. IiaiiMaer« the final classification was ganarally detanalnad hy 

the presence of ahnoraalltles associated with the ventral snrface of 

the ho^br of the vertebrae. 

Three prlaary classifications were asedi £ denoted clean or 

hoiBosyi^s nonaal noa-carrlers; £ signified heterozygoas carriers; and 

4 designated the hoaezj^^s dwarfs. If Indlvldnal classifications by 

two or wore anlawl hnshendtsm were not In agressMint, the final classic 

flcatlon for each aniael was detenalued by the panel of three research 

workers reviewing each sisposwre. Aniwals with X-rays which coald net 

be read were classified as non-readable (n). These non-readable en-

posnres were doe priauurlly to the calf's being too large at the tins 

the ezposnre was wade or to wovsaant of the calf daring e^posnre. Xf 

the latter were true, a second set of eaposares usually enshled classi 

fication. 

tthen the ventral bod^ outline of all six luniber vertebrae pro-

dneod a anwoth, cMcave, curved line IsMge with no Irregularities, 

the anlaal was classified as C (See Figure 2). The curvature of 

thirteenth rib attached to the thirteenth thoracic vertebra and pro 

jection of the hip bone often hindered the deterwlnatlon of the true 

ventral body outline of the first and sixth lunher vertebrae, res 

pectively. Bowever, this obstructive effect, chiefly in the pelvic 

region, generally gave trouble in classlfleation only in the ease of 

older calves. The outline of the fottr unobstructed luobar vertebrae 
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ttm Mcond throuuli the fifth, m» osoally sufficient for classifica 

tion. 

AaisMiIs classified as B tgrpe, or carriers, esMbited a varied 

of vertebral idiapas. Xn traaral, the ventral body outlines slowed 

small irre^ar protrusions or teat-like projections. Xn addition to 

these projections, they ware more strai^t-lined than the C igppe end 

did not eschibit the xiormelly smooth contour. Bensity lines, probebly 

indlcatias tmm inmard pressure, were shown by seme i typ» vartebrma, 

espeeielly In the more extroae cases. Boo to the vide variation vith 

uhieh these vertebral eaxrrier cbaraeteristics were found, the B type 

classification was further divided into seven sub-classes, Ba dirougb 

Be, d^ending on the nnaber of abnormally shaped vertebrae and the 

wmhar end size of projections. Xbose animals whose vertebrae approach-

ed ttoae of G type aniamls were classified Bg (Bee Figure 3). Bnwavar, 

the dietinetton between these two elasoea was not easily defined, end 

mmy calves alaasified as Bg's may r^resant non-carriers (C typej. 

Breeding tests will be necessary to check the accuracy of classifi 

cation. Bi^posores not oidiibitiag a smooth curved ventral body out 

line and shoving slight indicetion of irregularities were placed in 

the »2 classification. Bj was the first elassificati(m ouhibiting 

vertebrae with a decidedly irregular and sballovar concavity of tiw 

ventral body outline and definite projectimis on at least one of the 

luslMur vertebrae(Bm Figure 4). lha carrier classification nusdMr 

was inereesed as the concaved ei^eareaee of the ventral body outline 

tended t» straighten and the nunher of vertebrae vrith definite pro-
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Jectloss tncreasttd. B4 and B5 ndaals Bad rather atralgbt veatral 

body outlinca of tiia poatarior XooiMur vertebrae vlth the aaverlty of 

the Irresule^Xtlee and projectlona en all six verubrae differentiat 

ing these tw classes (See Figures 5 and 6). Bg animals were the 

first to possess rather large projections idilch protruded below the 

plane of the rounded anterior and posterior body ends of individual 

vertebra (See Figure 7). The vertebrae of anlaaala la the B7 classi 

fication were relatively tmlform with all showing ventrodorsal thick 

ness of the central body regions and pronouncad double projections^ 

particularly on the poatarior vertebrae (See Vlgare 8). LtsdMt ver 

tebrae of animals in the lest carrier cleselflcatloa, Bg, exhibited 

the most extresM abnomelltias of all the B tjnpes. the large twin 

projections extmided down well below the noznal ventral body ont-

llna, prodoelng a convex eppearaaee (See Figure 9). Ihe denall^' 

lines which became more intense with the prograaslon of carrier 

claaalflcatrlona were evlduit In Ig animela. 

the dwarf, or A, animala wars rathar easily distinguished 

by X-ray clasaiflcatlon from C or B ̂ ea. Tha body of a dwarf 

vertebra was relatively abort, and tha ventral body mtlina slant 

ed inward from the eplphyseel junctures toward large twin pn>tru8lona^ 

e con^lete reversal from the normal vertebra (See Flgore 10). the 

anterior and posterior eplphyses of the luoher vertebrae of dmrfs 

were chsreeterlstlcally wider and longer than those of C and B typaa. 

Xn all dwarf ealvea thus far X-rayed, the eplphyses of the Iwoher 

vertebrae were as long as tiut body of the vertebrae. In a few cases 
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IBSIILT8 AID DXSdSSIM 

Ih* X9S5 spring ««lf eoMittlng of tho ptogtof of twoatjr* 

•Ix pmroteoA boof boll* (tmaty-threo Horefords and thro* Aagwi), «m 

«Md to iBVoaClgato tho valoo of X-ray Xaelailgaoa in tba dataeti<m of 

anloMla betarosygooa for racaaaiva bovina dwarfiaa. Tbla larga n«d>ar 

of alraa parmictad tha atady of tha pro^ny of aavaral provaa earriar 

bttlla (tiheaa that had ptaaiooaly airad dvarfa), a aaabar of aoqiaetad 

earriar balla and aaveral bnlla ahich nara thought to be elaaa. 

All alraa mad daw wd the aobaageaat offapring aora tha pro 

perty of alx diffaraat atatioaa oadar the aaparviaion of tiia Dtaivar-

alty of Tamtaaaaa Agricoltoral E^pariaaiit Station. One co-operator 

hard oadar control of tha Oalvaralty of Ibnneaaaa waa Inelodad, alao. 

Xha gaaotypaa of tha eowa vlth raapaat to Amrflw ware tinbaaon oltli 

Cha aae^tioa of tha few daw of pravlow dwarfa. Ho«evar» la tha 

195A braadiag prograw at thaw oarloua locatlow« with tha aacaptiaa 

of draaaavllla and Croaarilla* tha cov harda nara dlrldad Into con-

parabla alra breading groopa oa tha baala of type nod conforwtloa, 

Wight, age and breeding of tha com. Thna, tha alra braadiag groopa 

at noat atatioaa wra praaowd to be conparabla gawtlcally with a 

raadon dlatrlbotlon of carrier cow aneag alra groopa at each ata-

tlon. Hlatory of dwarflw and padigrw Infornatlon Indicate con-

aldarabla dlfferwcaa la tha ratloa of clean to carrier com la tim 

harda of different atatlona. 

tha ltad>ar raglona of 4A3 calvaa (botii aala and fewle) wra 



36 

M§ tftseribftd in tb* ••iMiX'SMntnl pCMndnrn* Hmm enlvnt inelnd-

•4 all tbm living pvoginp of naeli Iwll on tost and an oeeaaiooal daad 

calf idiaxa it waa poaaibla to l»ray bafore 41apoaal. A ■lalwi of two 

lateral luaibar M^snraa of aaeh calf waa takana and tiiia enabled gene* 

typic claaalficatlaa of aaaantlally all calvaa according to Basal'a 

aaldiod of diatingalabing batwaan carrier and noa-aarriar aaiwala. Bhan 

botb original axpoanraa wara non-raadablaa it waa aoaMtiawa poaaibla to 

take a aaeood act before tba calf baaaaw too large. Ibis aliiainatad nan-

readable claaaificatimia in aeaM eaaaa, and a total of only feartaan cal* 

vaa raaainad tnclaaaifiad. 

X*ray claaaificatiim of tba progealaa of tba balls aaad in this 

stably is given in di^andis Table IV. A mmmmry of tba ratio of C, B 

and A types awang the pregany of each ball is given in Table 1. It waa 

nacaaaary to aaaiaaa in this ato^ tiwt the tachnigaa of claaaification 

waa aecarate in differentiating the three types of calves (boaosj^aa 

nonnla, taeterosygeoa nonMl carriers and Amrfa). Bowever, in aoow 

eaaaa tiiara was encartalnty aboot the accaracy of tba elaaaificati<m 

of aoMi C (non-carrier) ead tome Bg (carrier) aniaala. nna» tbeaa 

feeatienable clacaificationa ware listed m C7 and By?? raapectivelyt 

indieating the eeat probable claaaification bat showing that verte 

bral characteristics were not distinct enoa^ to positively (withoot 

reservation) place a calf in this claaaification. There waa not a 

clear-cttt break, therefore, on the basis of the United atadiea to 

date to definitely differentiate tiie C and the laaat emtrain B type 

(Bg). In the analysis, however, the goaatifmable calves were tabu* 
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lated in tho total for tlieir raapaetlva elaaalfleationa* 

Vm naalta of only a liaitad aoabar of braodiag or proctny Coota 

«ra aivailablo to confim or ccmtradlct tha accuracy of claMlfieatlon of 

calves into C (clean) and B (carrier) types on the tMuis of i^nomalities 

of the Itssbar vertebrae. There is no problaoi involved in the differentia 

tion betveen C and B types (nonoal phenotypically) and the A type (dvarf) 

einee the deerf calf is easily reeegnised at birth or shortly thereafter 

by one who has had only United eaperinciee vith the defect. A consider-

sbls nenber of dsarf calves vere Z-rqred in this study and their Z-rsys 

were radier easily distlxigalshed fron the Bx>st extrene B type (Bg)X-rays» 

indicating a definite break betneen tha B type and A tjnpe X-ray classifi 

cations. Further proteny tests are nseded to test the accuracy of the 

classification into C or B ̂ es by this asthod. These tests should 

provide the iafomation re<|Bired to define the characteristics which 

will give a clear-cut and accurate separation between the C type and 

Bg type carrier. Xt is probable that sobmi of the calves classified 

as bZ ̂  study suqr actually be C type aninals. 

Mine (Herefords) of the twenty-six bolls are known carriers 

CBee Table 1), having sired dwarfs this year or previously. The geno 

types of the renelnder of tian bolls were wadnewn. Bowever» it is 

thought that Hereford boll 22 nay be clean since he has sired four calf 

crops and produced no dwarfs. This boll was nated to eight of his 

daughters in 1954 and of the five calves resulting fron these natings 

all were nstnal* This boll sad a son (Bareford boll 23) sired eighteen 

calves in 1955, and fourteen of then X-rsyed C type. The results of G:B 



39 

tTpea among thn progenlna nf tiWM tm balls nsrs 4C:IB and 10C:3B for 

bulls mmibnr 22 and 23, rsspMClssly. All of tbs B ̂ rpos in die cslvos 

by Chsso bulls wsrs elosslflsd as B2* aatrams carriar Cypas wtra 

found In dtls bavd. 

IBm gaaotypos of tha Amgns bulls Includad In tba study wara on* 

haem, althmtgh padigraa Information and tha fact that thay hava pro* 

duead savaral calf crops uould land to ths assumption that thay 

ba elaan. The large nuahar of B type ealvas In dM progmias of dMsa 

hulls does not appmar to subsUntiata this Iqrpodiasis, howavar. Since 

no dwarfs hava avar bean produead in these hards and there is little 

history of Amrfism in these lines of breading it is likely that tha cow 

hards era relatively free of tha dwarf gene. 

In tha statistical analysis, it was asaoaad diet aaeh sire was 

a carrier (Dd), whether his genotype was proven or not. Although it 

Is kaeum that savaral cows in some groups were carriers, it was also 

tot statistical analysis diet all cow hards wara clean (BD). 

Thus, on lha basis of these assumptions and on the theory that a mono* 

factorial racassiva gene ia tba mode of Inharitanca for tha "snorter" 

type Amrfism, one could aspect such matings to produca, on tha average, 

a 50:50 ratio of carriar and noa<carriar ealvas. 

This hypothesis was made bacaasa of tha limited informatioa 

available for tha assumption of a definite parcantaga or niurtrar of 

carriar cows in dm sire braading groups at aaeh station. In groups 

of eoua in idiieh dwarf calves wara produced, an assuaption of a silni* 

of four carriar cows for each dwarf calf produced might ba 
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Thla noold indicate that arpraslaataly 20 to 25 pafeaht of the eowa in 

the herda at aoae atationa ware earriara of the Amrf gaaa. The peaai* 

bility axiata that thia waa avaa higher in aoM gronpa. Ihia wonid. of 

aooraa* ba an inportant factiHr in the deviation of actual obaarvad ration 

froai the axpactad 50:50 ration (an net by tha tq^pothaaia) in tha eaaa 

of tha proganiaa of carrier bnlla. It would alao ba raiqponaibla for tha 

1 typo aalvaa in tha proganiaa of clean bulla. In view of thaaa poaai-

bilitiaa, the ration of calvea fron aatinga of carrier holla to aow harda 

with a relatively high parcantaga of oavriar aowa could ba expactad, in 

•ana aaaaa» to d^art aignifieantly from axpactad ration. On tha anna 

baaia. elaan bulla natad to groupa of eowa with a large ranbar of car« 

riar eowa could ba axpactad to have a nanhar of B typo aalvaa in their 

proganiaa. 

On the baaia of thaaa aaaanptiona* it wan thought that tha aliai* 

larity to and/or deviation of tim dbaarved ration of aira proganiaa 

fron axpactad ration night ba of aoM value in tha identification of 

carrier or non-carrier bulla. Table SZ given tha Chi-aquarea and tha 

probabilitiaa for the deviation of tha obaarvad ration fron the «Rpaet-

ad ration. ^ 
The proganiaa of nine Raraford bulla were X-rayad at Alcoa, five 

of thaaa bulla (nnd»ara 1, 2« 3« 4 and 5)ware known carrier bulla, bar* 

ing aired dwarf calvea in praviMa yearn, four of thaaa five carrier 

bulla aired one dwarf calf each in 1955. Thin would indicate that the 

nininnn nuohar of carrier earn for aaah aira breading gsoup wen at leant 

four and poaaibly higher. With a range of fifteen to twenty-two calvea 
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frolbabllity 

0.05 P 0.10 
0.10 P 0.20 
0.02 P 0.05 
0.001 P 0.01 
0.05 P 0.10 
0.10 P 0.20 
0.001 P 0.01 
0.10 P 0.20 
0.20 P 0.30 

0.02 P 0.05 
0.02 P 0.05 

0.001 P 0.01 
0.05 P 0.10 

0.50 P 0.70 
0.001 P 0.01 

0.50 P 0.70 
0.70 P 0.80 
0.001 P 0.01 
0.20 P 0.30 
0.001 P 0.01 
0.30 P 0.50 

0.10 P 0.20 
0.05 P 0.10 

0.10 P 0.20 

0.20 P 0.30 
0.10 P 0.20 

Um com mm elMm. 
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1« tlM air* protaniaa, «^roKiM|«ly 20 to 25 p«rc«it of tte oows ia Cho 

flyottpa of «««• Mtod to carrlor bolla ooald bo corrloro. Iho gMOl^rpoo 

of foor of tho bulls uero unknmiii. Sines oil groops of cows st Aleos 

usro eonsiderod to bo of siailor tonotypo, tho groopo of cows aotod to 

tilo bulls of nwbnown gsaotypo should hsvo iasludirf about tho oom ano-

botr of eorrior cows as thoso gxoupo nsifeod to eorrlor bulls. Yhroo of 

tho bulls ot this stotion (3,4 sad 7)hod progoaios in idileh obsorvsd 

ratios of C to B typos d^psrtod signifiesntly frsoi tiM o^poetod 50:50 

ratios of C:1 typos. ISo of thoso (3 nd 4)woro knoua eorriors sad 

tho gonotypo of ono (bull 7)woo tmk&oun. Howovor, in oil of tiio pre-

gmioo oao^t oao (progscqr of bull 9)tho aoabor of B typo salvos was 

grootor than tho C typo. Ihis would bo oapootod in tho eoso of eorrior 

bulls isstod to groups of cows ia whieh 20 to 25 psreoat or a»ro of tiiio 

sews woro eorriors* Iho rosults sppoor to ineriaiaoto tho few bulls 

of unkaown graotypos os eorriors of tho dwarf goao. If tihoy oro eor 

riors sad with OS hi|^ o poresatogo of eorrior eows os indieotod by tho 

naabor of dwarfs sirod by eorrior bulls on siailor groups of eows» it 

would sooB that at loost ono or asro of thooo bulls of unknown goao-

typos should hove sirod dwarf eolvos. 

Progoaios of two Roroford bulls (10 sad 11)X-rayed at Blomt 

fom» Knoxvillo» hod idontieol ratios of GtB typos of 1C:7B. Bull 10 

is a known eorrior, and tho gonotypo of Bull 11 is unknown; howovor, 

Hio signifieoat doporturo froa tho oapoetod ratio would toad to ineriai 

aoto Bull 11 OS a eorrior. fho psiqpoador«ieo of B typo eolvos in €tm 

ratios of thoso two bulls way bo duo to Ifio prosoaeo of o naabor of 
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cmtriBt «0M in this htrd aiaa« « fw lu«Ni px«4iM«4 AmutI caI^pm mod 

padigrM iafonutlon would indlMte Chat; others nay be carriers of the 

Afsrf gene. 

4t Ipring Hill (Colombia) Station^ Che ratios of CtB types la 

the progeaiea of Hereford bolls 12, and 13 were 3C:14B and 11C:4B, 

veapeetively, fhe gsaeCype of theee bolls was wnbwewn, bat these re'* 

salts soggest that boll 12 majr be a carrier and boll 13 noa-earrier. 

Little iniematleo Is available for q^eoAatioa as to iwatoer of carrier 

cows in this herd; however, tbe informatiott available would iadieata 

Chat this herd is relatively clean. 

Both of the Hereford bolls included in the study at the Greene* 

vllle station are hnewa carriers. Boll 14 was aated to a greep of cows 

which was believed to be largely clean, fhs ratio of C:B types aswog 

the progeny of this bull was 7G:9B. Boll 15 was mated to a group of 

twenty*aina cows, twelve of which were his own half«slsters. This boll 

and his half-sisters ware sired by a known carrier boll. The ratio of 

CsB types among the progeiqr of this boll was 2e:15B which r^resented 

a highly significant d^»artara from a 50t50 ratio. The high proportion 

of B calves by this boll may be partially explained by the high 

pereaatage of carrier oews in the grot^ bred to this boll, 

the progmles of six Hereford bolls were X-rayed at flak Bidge* 

Boll 16, a known carrier, was mated to thirteen grade Hereford cows, 

all of which had been sired by two known carrier bolls. Bight of the 

cows were half-sisttrs of the boll, the ratio of C:B types amsng the 

progeny of this boll was 6C:4B. three dwarf calves ware also produced 
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by iM« bull. 1bi genotypes of tbe other flee balls were aidciievn* tad 

tî re ves little basis for estlnatlns tlM noalMir of eerrler eows In this 

herd althongh It Is presoned the herd Is reletleely clean. Two of these 

balls (noWbers 18 and 20) had the soae ratios of CtB t^pes of 160:48. 

These were highly significant departares frost Mpeeted 50:50 ratios. 

This would sean to Indicate that these balls are non-earrlers of the 

dwarf gene since tits 8 types In tbese ratios could well be doe to the 

presence of carrier sews* Balls 17» If and 21 had protaalaa with ratios 

of 7Gt6R, 8C:148 and 50:88* respectively. These ratios wonld toid to In* 

erlainate these bolls as carriers If the cow herd la relatively free of 

the dwarf gene. 

The ratios of prasoaad eleu to carrier In the prog«iles of tiia 

Angus bolls Included In this sta^ were 6C:128, 170:118 and 150:88 for 

balls 24* 25 aod 26* raq^tlvely. Bone of these ratios was a slgnl* 

ficant departure from a 50:50 ratio and would tend to Incriminate these 

bolls as carriers. There Is no prevloas history of dwarfIsa In^ 

Angus herds at 81ount or Crossvllle* and indications are that the herds 

are relatively free of the dwarf $aoa. There was also sema Inbreeding 

In the calves at Crossvllle (0 to 20 percent) and if the bolls were 

actnally carriers* tills should have increased the probability of ob 

taining a dwarf from ana of the bulla at this station. 

Obaarvatlona and study of the vertabraa of Hereford and Angua 

calvea Indicate that there are poaslbly reel dlfferencee In type of 

vertebrea batwaan breeds. Since most studies hove bean aide with Here 

ford cattle* the inumlta of these stndlcs nay not be entirely ̂ plleable 

to tiie vertebrae of Angua cattle, fotll thaaa dlffareneaa* If any, are 
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«re clwrlflftdy tliMe ratios In dta Aagas progenies my not be accttrata* 

la all probability, sone of tba calves classified as (carrier) 

from^X-ray e^qposuras of the lonlbar vertebrae aay be actually C type 

(nen-earrler). Bovever, until definite evidence from breeding tests Is 

available to define tbe br«id( betvaen C and Bf types. It was tiiooght 

best to place questionable cases Into the 12 type. Hhen these data be-

ecna available, the ratios of tiie various types of calves by tbasa bolls 

vlll likely be changed sonsuiiat and vlll provide more accurate lafema«> 

ticn for evaluating the genotype of the bolls with respect to the dwarf* 

Ism gene* 

lesttlts of these X-ray studies of the lesbsr vsrt^rae of young 

calves in beef cattle show that the luabar vertebrae of the "snorter** 

dmrf(A type) are distinct aorphologlcally fresi those of phenotypically 

nomal calves, both presumed clean and presumed carrier* X-ray pictures 

of the Inohar vertebrae of calves give a distinct separation between 

dmaxt and normal calves. The point of differentiation between hcmosy* 

gstts noxmel (C type) and heterosygons normal (B type). Is not as clear* 

ly defined. This problem is prlmsrlly essocleted with eharacterlstles 

lAich will dlfferenciatm eleerly between C type and tbe least extreme 

B type (By)* The degree of vortihral abnormalities is sufficiently 

dlst:lnet in B3 to Bg type carriers to separate these types from (he C 

type. 

The ratio of tbe X*ray6 sad B types among the progony of a bull 

uonld soorn to offer ooom prcmloa as a means of evaluating a sire ss s 

clean or carrier anlsuil provided that lha aanbar af calves la fairly 
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l«rg» Mad tb«t Bom loiforBatloa !• available on the probable nomber of 

carrier cone in Che herd. 

farther reffnewent and Che olCiaMtie valoe of the l-rajp Cechnifoe 

in the identification of carrier antauila vill da^and v^on progeny teate 

te evelttebe the aecnreej of the claeaification of calvee int» C or S 

Cj^ea by thia aeChod. 

A progreaaive X-ray atody waa nade of the vertebrae of foorteen 

calvea, in idiich e^poanrea were bdien at intervals of ̂ proxiaMtely one 

WMdc^ to dbeat eight oeeka of age. One of the porpoaea of thia atody 

nea to detemine if atractnral chmgea occur in Che natoring vertebrae 

and the aehae^pient effect opon the genotype claaaification of the cal 

vea. Ihia atml^ waa nade alao to detemine the aMWIwow aim and age at 

idtieh readable X-ray ei^aorea of calf vertebrae eoold be made with the 

meehine need. The reaulta of thia atady ere given in Table III. Only 

alight ehangea were noted in acme caaea of carrier tfifM, generally to 

ward nomaley. Fart of them ehangea in elaMificatien were probably 

ceoaed by poor goality e^poaarea aaaociated with inereaaed age and thick-

neaa idiieh remlted in waaking effeeta in the X-ray picturea. foae of 

the ehangea* however* were probably real and indicate that claaaifica 

tion wmf slightly with age. The laawlwom linita for X-rigring were 

fewnd to be two to thrm weeka of age end a loin width of thirteen to 

foortem centineCera. Thoa* the atody indieetea that calvea aheold be 

X-rayed m aoon after birth m poaaible (within two to thrm wmka)in 

order to obtain X-riqr exposures of maxiwnn qoalitgr for clmaification. 
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TABLE 1X1 

X-MT GUBtmCAnm Ot CALBSS ax VUtXOiS AOS 

Ago X-Bay Width 
Exp. Ho* in Claaai- of Loin 

tattoo Broa of loll Station Dava ficatlon 

fl5 Anguo 24 llooat 6 •2 11.0 
11 •2 11.5 
27 82 12.0 
34 •2 13.0 
41 •2 13.0 
62 82 14.0 

•25 Angoo 14 Hooat 7 C? 9.5 
23 C? 11.0 
30 c? 13.0 
37 c? 13.0 
58 c? 14.0 

•35 Aaipio 24 Bloo&t 22 83 13.0 
29 83 13.0 
36 •a 13.5 
57 XX 15.5 

•45 Angoo 24 Blotmt 2 827 10.0 
18 82 11.5 
25 C 12.0 
32 c 13.0 

•55 Angtui 24 lloont 15 CT 11.5 
22 C 12.0 
29 82? 13.0 

065 Aagoo 24 Blouat 11 BjT 11.5 
18 827 13.0 
25 ME 15.0 

•75 Aagoo 24 Bloimt 8 H 11.5 
15 •27 11.5 
22 C 12.0 
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ims III (Continued) 

X-IAl CLASSmCATKXI Off CALVES AT 

S^p. Mo. 
Tattoo teeed of Bull Station 

185 24 UMBt 

195 24 

1105 24 lleont 

1115 Angoa 24 Blouat 

115 Baraloni 10 Uonnt 

125 laraford 10 Blount 

135 Baraford to llount 

lAUOSS 

Age 
in 

8 
15 
22 
43 

6 
13 
20 
41 

6 
13 
20 

9 
12 
19 
40 

3 

19 
26 
33 
54 

12 
19 

26 

4 
11 
32 

AiCBS 

X-Say 
Claasi'* 

fication 

22 
22 
n 

m 

23 

I 
Ct 
CT 

Ml 

§ 
Si 
24 
23 
23 
22 

23 
23 
23 

23 

Width 

of Loin 
in Cm. 

10.5 
12.0 
14.0 
16.0 

11.0 
12.5 
13.0 
14.0 

11.0 
12.0 
13.3 

10.5 
12.0 
13.0 
15.0 

12.0 
12.0 
13.5 
14.0 

12,0 
12.0 

13.5 

12.0 
12.0 

14.0 

..--■vA ■ ■• Y-

9.5 



 

 

 

 

 

 

 

 

chafhk V 

fiOftfuor 

Hm InalMar rcgloiu of 443 caliwo woro X-r«y»4 in order to etodjr 

tito veltM of X-rey toolmlfiioo in dletingniehlng botooon aniaele hoiio* 

cysooe for tho nonul ellole of tiio "eiwrter" dMrf fono end tiioeo hot-

oroaygotM for the roeoaelvo dwerf tmm, A minlMB of too oaqpoauroe wee 

tekra of cecb ceif. Thoeo celvee were tiio 1955 progeny of Hereford end 

Angoe purebred bulls oMted to purebred and grade Hereford and Angus eous 

of their respective breeds. All par«it individuals were under control 

of the Haiversity of tonneosee, constituting herds at six different ag 

ricultural ttsperioMnt stations and one co-operator herd. Bulls tiiat 

were proven carriers, several su^eeted carriers and soaw that were 

thought to be clean were represented aa»ng the sires included in the 

study. 

Bsing the nnthod advanced by Br. L. H. Basel of lows State Col 

lege, the calves were classified as clean (C t]nP*)» carrier <B type) or 

dwarf (A type) according to the characteristics of their lusdwir verte 

brae as revealed by X-rmy isMge. After individual classification of 

the calves, the ratio of non-carrier to carrier individuals for each 

ball was calculated. Nine bulls sired dwarfs in 1955, or previously, 

and were regarded as proven carriers, these proven carrier bulls 

generally tended to sire a predoatLnance of carrier (B type) calves 

according to the X-ray classification, this was probably due to a 

nanlMr of carrier eewe in the bards bred to these bulls, as a carrier 

bull nated to clean cows should produce approximately a 50i50 ratio 
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of eloon to eanrior onlawlo. 

Vm olMMrvod rotloo of C:1 iQfpof thm pxofontoo of oofvon* 

toon bolls of onknooa t*BoCypos wsro varlsblo. 9m progonlos of twolve 

of titMM bulls bod ratios of Ctl typas obiab did not d^Murt oitoifleaat-

ly frosi ai^eetad ratios, la soaa easas« tha ratios had a pr^pondaranea 

of C or I typas and thasa ̂ proaebad signifleanea. 9ils variation in 

ratios would ba asqpaetad in easas idMra carriar bolls wara sMt^ to cow 

Imrda in whieb thara was a bi^ paraantasa of carriar cows, or wbara 

claan bolls wara brad to cow bards with a nnabar of carriar cow. 9io 

bolls bad ratios which daviatad significantly frosi aapactad ratios wi9i 

a larga proportion of C type ealvas, while tbraa bolls bad ratios which 

daviatad significantly from aaipactad ratios with a pradowilnanea of• 

typo aalvaa. this indicatas that thasa bolls may ba non-carriers or 

carriers of the gana for dwarfiam, raspactlvaly. 

Prograaaiva 1-ray stndiaa of the vartabraa of foortaan calvaa in 

lAieb anpoaoras wra tidtan at approxlamtaly wakly intarvala tqp to eight 

waaks of age indicated that two, and possibly tbraa, waaks of age and a 

loin width of about tbirtaan eenthsetars wara the upper limits at which 

readable X-rays coold ba tdkan with a aacbina of the capacity used in 

tikla atadf• 9Msa limits could possibly ba ineraaaad with a maebina of 

greater capaci^. 

laaolts of thasa X-ray atndiea of 9m lohbar vwtabraa of young 

calves in baaf cattle show that the lonbar vartabraa of tha "snorter" 

dwarf (A type) are distinct morphologically from those of phanotypically 

nac8u9 calvaa, botii prssumsd claan and prasnmad carrier. X-ray pictures 
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of tho loolMr vortobrae of calves glva a dlatlnot aivaratlon batwaatt 

Afsrf and nonaal calvas* tha point of fiffarantlatloa batwaao lioaMsy-

tooa nonaal (C type) and hatacosytona noxaal <B type)| la not as clear* 

ly dafinad* lliia problan la prlaarlly aaaoclatad witli eharacterlaties 

idilcb will differentiate clearly between Ciia C (Tpc and the least ex* 

treeie B type (B2)* Ibe degree of vertebral abnoraalitles la anfficlcnt* 

ly distinct in B3 to Bg type carriers to separate these types froa the 

C types. 

The ratio of the X-ray C and B types aaong the progeny of a ball 

vonld saea to offer seas promise as a aasaa of evalnatlng a sire as a 

elaan or carrier animal provited that the naaf»er of calves Is fairly 

large and that soae inforaatimi la available on the probable number of 

carrier cows In tito herd. 

FortiMr refiaaawat and the nltiaata valna of tiia X-ray tachnlfoa 

in the Identification of carrier animals will d^^and tqam progeny taste 

to avslaat»s the accoraey of tiia alaasificatloa of oalvaa Into C or B 

types by tills smthod. 
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ZOLI X? 

X'tAY cussincAxioN or ftoGon or noiroio bill 
ALGOML - HIID BA 

Birtb Birth X^Bay ▲ga at 
Data Walght Biwbar Data Z*Xay X-8ay 

Xattoo (1955) (Lba.) of Dan Sex (1955) (Dara) Claaa 

A612 2/2 65 66 M 2/10 8 C 
A616 2/4 55 182 r 2/10 6 14 
A625 2/5 63 39 M 2/10 5 12 
A452 2/20 68 57 M 3/3 11 C 
A6S8 2/21 63 179 f 3/3 10 6 
A667 3/1 67 52 r 3/3 2 14 
A669 3/1 35 ▲305 M 3/3 2 14 
A673 3/3 66 61 M 3/22 19 I5 
A679 3/10 55 221 f 3/22 12 12 
A484 3/14 63 220 M 3/22 8 12 
A693 3/31 60 213 K 4/7 7 16 
▲695 4/4 47 ▲325 r 4/7 3 I4 
▲703 4/9 78 35 r 4/19 10 12? 
▲707 4/12 60 208 r 4/19 7 C? 
▲727 7/1 60 ▲307 M 7/1 0 MR 

m 1/28 60 188 M «» ▲«-

6559 2/2 78 6139 M 2/10 8 13 
6567 2/7 64 6325 r 2/10 3 14 
6613 3/4 62 6371 M 3/22 18 0? 
6628 4/10 59 6277 II 4/19 9 ▲ 

*13iia calf «M born (l««4 «id waa not Z*rayad. It m§ olaaai-
fl«4 M A froa dwarf eharaecariatles 
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XIILI Zf(eonClniMd) 

t*ttt OAismGAnoH or pioaan op hbiipoid mul2 
iSXOk' CA. 

tirtk lirth |.ioy 480 at 
D«te Iteighc ■onbar Data z-Kaj X«lay 

Xdttoo (19551 (Lb..) of S«i Sox (1955) (0«ra) Claaa. 

A609 2/1 64 222 P 2/10 9 •3 
A610 2/1 53 4346 K 2/10 9 >2 
4615 2/4 55 180 P 2/10 6 82 
A619 2/4 63 14 M 2/10 6 83 
A627 2/7 77 192 M 2/10 3 82 
A635 2/10 55 11 P 2/10 0 83 
4639 2/14 73 190 P 3/3 17 MR 
4642 2/15 65 4373 M 3/3 16 C7 
4665 2/27 70 51 M 3/3 4 MR 
4694 4/3 66 34 11 4/7 4 Cf 
4706 4/12 77 223 11 4/19 7 83 
4710 4/19 65 4303 P 5/3 14 CT 
4724 5/23 80 202 P 6/2 10 82? 
4725 6/1 64 198 P 6/2 1 4 

G553 1/27 45 G324 P 2/10 14 C 
GS63 2/4 47 G359 P 2/10 6 G 
6569 2/7 94 G270 11 2/10 3 83 
6573 2/10 68 6302 11 2/10 0 85 
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SUU XT (coQtiiitMd) 

x«m Gujsxnc&noir or piocbiit or Hxision> Btu.3 
ALCOi - nUB)PA 

BirtA llrtb X-loy Ago oft 
Date Veight Biaribar Ooto X-B«y X«»Xoy 

irattoo C1955> Oba.) of Dm Box (19553 (DOW) Clooo* 

A624 2/6 61 A329 r 2/10 4 >6W 
A634 2/10 60 24 r 2/10 0 c 
A647 2/17 60 48 u 3/3 14 82? 
A649 2/17 55 71 r 3/3 14 C 
A654 2/20 63 189 H 3/3 11 A 
A65S 2/21 70 186 H 3/3 10 B3 
A656 2/21 63 64 r 3/3 10 B4 
A661 2/25 66 77 r 3/3 6 82? 
A681 3/11 67 A366 M 3/22 11 B5 
A687 3/22 68 200 r 4/7 16 B3 
A688 3/22 59 A315 r 4/7 16 B2 
A689 3/23 68 178 M 4/7 15 B2 
A696 4/4 61 203 r 4/7 3 B6 
A723 5/23 65 196 r 6/2 10 83 

G581 2/12 76 G328 M 3/3 19 C? 
G614 3/6 63 6278 r 3/22 16 82? 
G631 4/29 58 6353 M 5/3 4 n 

. - f, 
>' ,
V-

t-
i, 

r - ** 

. -■ ^ 

■ 4- " 

^, ^, ■ . ',. ■ u*»: .«.A ■ r 'i' -ti&iik II 



St 

lULI XT (coatimiftd) 

I-14T cussxnc4noii w taooiiy or Hsisroto biu*4 
ALCOA « BBUM OA AID BB 

Birth Birth X-B«y iii at 
fihight ltaab«r Date X-lay X-Xay 

fftttoo C19551 (Lbr.> of 1km U* (1955> IDasa) Claaa. 

A606 1/30 55 9 M 2/14 15 B2 
A420 2/6 70 72 M 2/14 8 C? 
A621 2/6 69 62 r 2/14 8 *3 
A622 2/6 46 3 r 3/3 25 Cf 
A637 2/8 70 177 It 2/14 6 ®5 
A646 2/17 65 181 M 3/3 14 >2 
AA64 2/28 70 073 M 3/8 8 B2 
A670 3/2 60 -82 r 3/8 6 B2 
A6B2 3/13 64 -71 M 3/22 9 >3 
A492 3/20 60 214 M 4/7 18 A 
A699 4/3 70 A317 M 4/7 4 »3 
A700 4/4 48 A328 M 4/7 3 82 
A708 4/18 55 194 r 4/19 1 >3 
A709 4/8 65 205 M 4/19 11 89? 
A715 4/28 64 715 M 5/3 5 *3 
A717 4/25 72 197 M 5/3 8 >5 
A719 5/6 66 247 II 5/17 11 C 

A729 6/30 60 225 r 7/5 5 n. 

6556 1/25 60 6365 f 2/14 20 "3 
6560 2/3 62 6258 M 2/10 7 >3 
6570 2/7 68 6141 f 2/10 3 
6574 2/10 56 6320 II 2/14 4 »5 
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tUU, Vt(eonUaiMd) 

x-iAT aASfmc4Txai or noom cr msrom wm» s 
ALOOk•HBID 04 

Birth Birtii Z'Bajr Afa at 
BaU Weight Itambftr Data Z-Eay X-Bay 

tftttoe C1955) (Lbi.) of Dm 8m (1955) (Dava) Claaa. 

A617 2/4 44 794 M 2/10 6 B4 
A618 2/4 44 7H M 2/10 6 B2 
4630 2/9 50 762 f 2/10 1 >4 
4632 2/9 55 266 M 2/10 1 B2 
4662 2/27 49 736 r 3/8 9 C 

6561 2/4 56 6244 If 2/10 6 c 
6568 2/7 57 6264 r 2/10 3 >3 
6582 2/14 68 6156 r 3/8 22 C 

6584 2/12 67 6103 M 3/8 24 82 
6590 2/18 61 631 f 3/8 18 B2 
6591 2/19 63 6269 r 3/8 17 C 

6592 2/21 60 6159 M 3/8 15 82 
6601 2/28 43 6250 r 3/8 8 »3 
6604 3/2 64 6271 M 3/8 6 83 
6610 5/3 71 6256 II 3/8 S 82 
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♦
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ti 
€ 

ei 
JT 

9 

8 
n 
ti 
Ll 

X 

z 

t 
01 
ct 

9t 

^n-z 
%9•§? 

9rm 

\, 

€/C n C889 C9 LZ/t 0099 

01/8 s 09€9 C9 8/8 8660 

01/8 M 18C9 09 98/1 8669 

8/9 M 988 9/ 08/6 88/T 

1/9 M 018 66 9/9 /69T 

1/9 H 601 89 68/6 1699 
L/9 S 9/1 6/ 98/6 0699 

n/t n 91 69 91/6 6899 
88/C N 19 69 91/6 6899 
88/C II 91CY 86 01/6 8/9? 
C/C z 69 C9 08/8 1699 

€/C I 9 96 91/8 8699 

01/8 z S81 €£ 6/8 1699 

01/8 If 6/ 66 8/8 6899 
01/8 11 1€ i9 6/8 9199 

01/8 » 9969 66 16/1 6099 

01/8 z 19C9 /6 88/1 8099 
01/8 z 608 66 68/1 0099 

(S961) it»i wo'|0 (iitm (iUH) 0(a)t£ 

•9«Q svqpMHI ^v/ixm 
Swt'J mam 

amuxmm so ummsso mwnuitorD m-z 

(»wia|»wa)AX rmn 

.. y. i :' f nA * : •■■ 4 , V 
; .; »'>At *'s ' f ^ • *•--■• > 

-•"• ' A -./i^ . . ^..--= -•• ■ " >;.• •• ? "*1 •>" '• • *■ ^ ' /. *. •■ 



62 

niu If(wetiewd) 

z-BAT GUssmoLnoH or PBoainr op heseiobd bvll 7 
ALOQft,•niD 04 

iirt3i ilrth Z-Uy 480 at 
Bat* BU^t Nmltar Oata Z-8ay Z-lay 

TSittoo asssi of 8«s C1955> tDaya) ClMS. 

4604 1/30 62 4340 f 2/14 15 lo 
4608 2/1 78 32 f 2/14 13 
4623 2/5 80 183 M 2/14 9 3 
4636 2/10 58 4367 II 2/14 4 io 
4645 2/16 56 21 II 3/3 15 BjT 
4653 2/20 56 29 M 3/3 11 82 
4666 2/26 68 60 M 3/3 5 82 
4668 3/1 60 207 f 3/3 2 83 
4674 3/4 72 219 M 3/22 18 >27 
4705 4/11 80 215 M 4/19 8 BE 
4720 5/5 85 68 M 5/17 12 824m 
4728 7/1 70 206 P 7/5 4 »6 

G554 1/29 67 6367 P 2/14 16 C? 
6555 1/30 72 6279 M 2/14 15 •2 
6571 2/8 69 6267 P 2/10 2 82 
6623 3/29 74 6319 M 4/7 9 ■2 
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14BLB ZV (coatinoed) 

l-iAi CL4S8mcATz<M Of pHwonr or iniiQio mu.s 
AL0Q6 * HOD 14 

Birth Birth 4ge ot 
Date ffalght BdiAttr Boto Z-Boy Z-K«y 

Tftttoo (1955) of Bn Sox (1955) (OOTi) ClOM 

A640 2/15 59 84 r 3/8 21 c 
A650 2/19 67 260 f 3/8 17 *2 
4657 2/21 63 275 M 3/8 15 >2 
4639 2/24 58 7 H 3/8 12 92 
4671 3/2 65 793 M 3/22 20 C 
4677 3/8 62 78 r 3/22 14 92 
4680 3/10 58 235 r 3/22 12 92t 
4686 3/19 80 761 M 4/12 24 94 
4701 4/5 59 777 r 4/12 7 92 
4702 4/5 72 218 M 4/12 7 C? 
4704 4/11 71 «84 r 4/19 8 67 
4711 4/21 80 745 r 5/3 12 C 
4713 4/18 70 244 M 5/3 15 6 
4714 4/26 75 226 X 5/3 7 93 

6562 2/4 53 67 r 2/10 6 92 
6572 2/10 64 625 M 2/10 0 92 
6583 2/U 57 622 r 3/8 22 92* 
6599 2/25 67 61 M 3/8 11 ? 
6612 3/4 55 613 r 3/22 18 B) 
6618 3/13 59 615 M 3/22 9 92 
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lUBiB Z?(continued) 

x-m cusiznatxoit ot raocBinr or wamm wbj*9 
ALCQ4•BID iC 

Blrtb X-lav Age at 

tattoo 
Date 

(1955) 
Height 
(Lba.) 

RoaiMr 
of Dan Sex 

Date 

(1955) 
X-laj 
(Days) 

x-ugr 

A601 X/28 55 796 H 2/10 13 c 
A603 1/30 64 -77 M 2/10 11 >2 
A607 2/1 63 710 F 2/10 9 B3 
A611 2/2 60 756 F 2/10 8 82 
A613 2/3 62 768 H 2/10 7 C 
A426 2/7 65 718 F 2/10 3 CT 
A628 
A633 
A641 
A643 
AM4 
A648 
A660 
A675 
A676 

A1699 
A712 
A716 
A718 

2/8 
2/9 
2/15 
2/16 
2/16 
2A8 
2/24 
3/5 
3/6 
4/5 
4/24 
4/30 
5/2 

54 
50 
48 
54 
59 
55 
54 
57 
58 
61 
70 
63 
76 

799 

7104 
789 
730 
713 
791 
22 

766 
750 

63 
722 
-60 
788 

M 

M 
M 
M 
M 
F 
M 
K 
M 
M 
F 
M 
M 

2/10 
2/10 
3/8 
3/8 
3/8 
3/8 
3/8 
3/22 
3/8 
4/7 
5/3 
5/3 
5/3 

2 
1 

21 
20 
20 
18 
12 
17 

2 
2 
9 
3 
I 

■27 
C 
CT 
C 

B2 
C 

B2 
C 
CT 
C 
CT 
C 

14 



� 
 

 

ftS 

VMM tf (ecMitiiMiai) 

X-RA.T CLASSIFICATION OF PIDG8MT Of HEREFORD BfU. 10 

MB 

iirtb ilrtb X-lagr Aie at 
•ate Walglit luBober •ata X*Bay X-Ray 

tattoo fl935> (Lbs.) of Dam Sfa C19531 (Bay*) Claaa. 

015 1/31 54 «l-72 F 2/3 3 «4 
025 2/7 65 394 F 2/19 12 B3 
035 2/22 77 959 H 2/26 4 >4 
045 3/1 62 698 F 3/5 4 »4 
055 3/2 47 203 F 3/5 3 84 
065 3/2 61 827- F 3/5 3 A 

075 3/4 51 BH-22 F 3/5 3 »7 
•165 6/8 70 109 F 6/29 21 C 

•175 6/12 65 52 11 6/29 17 A 

•185 6/20 57 62 F 6/29 9 % 

-H'? ,» ♦" ■ .} ■ 
■ 'I '• * > Si'.. ■ -i? "t- ' 

^c V 
i. ' ' . : ''«/ . ■ s*. '-

:: : ' .'r . . ■ V, 
f. '■• 

t • 

.'-• >..a - . .± -■•■: ■ /..'- . -L ■a' .L..: v , * jfcy . .v -. 



M 

n&B XY (eontiwMkl) 

X'Uf Gusnnanai or nooan or moou nu.ii 

lirtk Mrth l-Kay Ac* at 
9ato Itoight 9Mb«r 9at« X*8ay X-lay 

Tattoo £19551 CUa.l o29m Sox (19551 (Oaval Claaa. 

985 3/3 57 88-92 II 3/5 2 ®5 
995 3/9 61 944 r 3/23 U 82? 
9105 3/21 62 88768 r 3/23 2 ®3 
9115 3/29 68 9232 r 4/2 4 83 
9125 4/18 68 9242 H 4/23 5 82? 
9135 4/19 64 136 r 4/23 4 88 
9145 4/22 54 mil7 r 4/23 1 C 
9155 4/22 72 88-62 r 4/23 1 82 



 � 
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i j \-.. 

tmJL XY (eoQtlnwd) 

Z-I6T (aASSIPXGAXZOH Of nOQUT Of MilUUtP MLL 12 
SriXMG BXU. 

Birtb Birth Z*B«y Age efc 
Date Welglit SoHber Date X-I«y X-Sey 

TsCCoo <1S5S> (Lb».> of Dan Bex (1S55> CDeys) Cleee. 

HL5 1/28 60 3S5 r 2/16 IS C 
MIS 2/2 61 408 f 2/16 14 83 
mos 2/3 65 428 M 2/16 7 82? 
mis 2/4 70 34S f 2/16 12 >2 
mss 2/S 58 281 r 2/16 7 83 
mos 2/S SS 201 M 2/16 7 >2 
mss 2/16 64 424 K 2/16 0 H 
mss 2/16 67 417 M 2/16 0 85 
mss 2/25 55 337 r 2/28 3 83 
mss 2/26 64 3S7 H 2/28 2 c? 

mes 2/28 67 3S3 r 2/28 0 »3 
mrs 2/28 S3 200 M 2/28 0 C 

mss 3/10 75 17 r 3/18 8 82 
USDS 3/14 55 684 r 3/18 4 84 
M315 3/14 56 684 r 3/18 4 82? 
M325 3/lS 65 427 r 4/13 25 RX 

HSSS 4/28 50 1S3 f 5/12 14 Bat 
mis 6/4 68 93 M 6/24 20 »2 

.[•■. -A w;-,-c 

• • v'; 
:7.." * . 

. .-t: M.t'f'i f. -1--: YifVftfiilfeffri 
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tULI XT (co&tintMd) 

coismcinof or paocEinr (np hebstoid bbxi, is 
SPRIHG HILL 

iirtli birtk X*Bay Aga at 
Data iieight Hoidwr Data X^ltay Z-lay 

tattoo fl955> CLbs.) of Dm Sax a955> CDaya) Claaa. 

1125 1/28 50 412 r 2/16 19 C 
IMS 1/30 60 394 r 2/16 17 c? 
MSS 1/30 65 208 M 2/16 17 c 
If65 1/30 80 391 r 2/16 17 >2 
MB5 2/1 60 56 M 2/16 15 C 

ia25 2/5 62 733 r 2/16 11 C 
Mias 2/6 60 423 2/16 10 CT 
ia4s 2/7 85 252 r 2/16 9 12? 
ia75 2/12 55 416 F 2/16 4 CT 
U205 2/17 60 402 M 2/28 11 HK 
vm 2/23 72 422 If 2/28 5 81 
11285 3/4 59 400 r 3/18 14 C 
M345 4/4 65 335 M 4/13 9 C 
11355 4/4 67 341 II 4/13 9 82 
H365 4/21 62 251 II 5/12 21 C 
11395 5/2 55 13 If 5/12 10 82 
1MQ5 5/7 70 74 If 5/12 5 C 



60 

lifclLS XV (oo&tinn«d) 
-i 

z-m cussxncAfxoM of ptocianr or MU.14 
GUatMftUJt 

Blrtb 
Ottte 

Birth 

Welglit 1Zoaber 

X-Biiy 
Data 

Age at 
Z*Ka7 Z-Bay 

(1955) (4U.) O Ux (1955) (Days) Claaa. 

T551 2/6 67 51 f 2/11 5 NZ 
T553 2/11 65 25 r 2/21 10 89? 
t554 2/13 65 TO r 2/14 1 B2 
1555 2/14 64 41 f 2/21 7 B2 
1558 2/17 74 22 u 2/21 4 B2 
X5515 2/24 75 53 r 3/7 11 B2 
13516 2/25 58 42 r 3/7 10 B2 
T5520 2/27 66 23 1! 3/7 8 B2T 
15521 2/28 71 32 F 3/7 7 Ct 
15524 3/8 54 57 F 3/21 13 C 
15525 3/9 50 291 F 3/21 12 B3 
115526 3/11 70 56 F 3/21 10 C 
X5527 3/11 69 26 F 3/21 10 C? 
T5529 3/16 58 31 r 3/21 5 C? 
13530 3/19 63 21 F 3/21 2 C 

X5536 4/5 60 306 M 4/11 6 B2 
13537 4/25 76 35 F 5/6 11 0 
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imi X? (eoatiaiMi) 

z-iAT cussirxc4nai ot noawn or SBiroiD nu. is 

Birtb Birtb Z-ley Age «t 
Dttte Bblgbt ■oalMMr Bete Z-lay Z-B«: 

ICftttoo 119551 CLbr.l •f Btn Sex (19551 (Oenl Cleei 

1552 2/10 46 -112 r 2/11 1 A 
T5S6 2/14 59 58 f 2/21 7 B2 
1557 2/16 74 28 M 2/21 5 82? 
»59 

1SS10 
2/17 
2/17 

67 
70 

M
15 

M 
If 

2/21 
2/21 

4 
4 

®2 
B2 

fSSlI 2/18 49 299 f 2/21 3 B2 
1S512 
15513 

2/19 
2/22 

71 
75 

311 
11 

If 
r 

2/21 
3/7 

2 
13 

83 
82 

15514 2/24 65 -102 r 3/7 11 83 
15517 2/25 70 54 M 3/7 10 82? 
15518 2/25 72 300 r 3/7 10 82 
15519 2/26 66 34 M 3/7 9 82 
15522 3/3 66 T M 3/7 4 C 
15523 
15531 

3/5 
3/21 

67 
79 

37 
24 

F 
M 

3/7 
4/11 

2 
21 

83 
82? 

15532 3/23 70 52 If 4/11 19 82? 
15533 3/24 70 TC M 4/11 18 C7 
15535 4/1 75 TO r 4/11 10 82 

-vv 

. -
r ■ 
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USLE Xf(eoatlnaed) 

z-m oAssmcmfw of ptooinr or wiiifwi bill u 
QMC IX9GB 

Blrt2i Birth X*Say Age at 
Date tiBlflbt IMar Data Z-Kay Z-Bay 

rattoo C1955) aba.l 8a* (1955) (Dan) Claaa. 

m1174 3/3 -28 r 3/10 7 C 
m1188 3/7 40 M 3/10 3 A 
m1209 3/15 26 f 3/24 9 C 

1218 3/21 •45 H 3/24 3m 84 
1226 3/23 -10 r 3/24 1m 

83 
1227 3/23 12- M 3/24 1m 83 
1234 3/31 35 M 4/7 7m 

82 
1235 3/30 -6 M 4/7 8 Gm 

m1236 3/30 8 f 4/7 8 Cf 
m1253 4/8 -9 f 4/21 13 A 
m1261 4/16 -15 If 4/21 5 CT 
4b1268 4/19 -I r 4/21 2 C 

4» * 3/25 * 4b f A« 

*Tlila ealf dSmA mud 4i«poMd of bofore X*r«ya oooX4 Im 
It waa elMslfi«4 mm A froM dmuri clMroeterlaties. 
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1SUU Xf (MttCiiMAd) 

l-BAT GLAS8IFIG4TZ0II Ot PBOGBHT OV HSKEFORD BILL 17 
QUi UDQI 

Birth Birth X-B«y AfB ot 
Date Nhlsht Moaber Bete X-Iay Z-Bajf 

Tattoo fl955) of Baa Sex <19551 (Boral Cloaa. 

«i1064 2/7 741 M 2/22 15 CT 
m1070 2/13 568 11 2/22 9 C7 

1110 2/19 -2 r 2/22 3 B2t 
•1185 3/7 572 r 3/10 3 C 

1195 3/10 « 481 r 3/24 14 B2? 
m1196 3/10 237 K 3/24 14 C 

1200 3/10 500 r 3/24 14 C7m 

m1206 3/14 540 r 3/24 10 »3 
m1223 3/23 •61 M 3/24 1 82 
m1248 4/6 -53 r 4/21 15 C 
m1263 4/17 735 f 4/21 4 C 
m1264 4/17 528 r 4/21 4 82 
m1273 4/22 597 r 5/3 11 HI 
m1283 4/30 210 f 5/3 3 82 
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miU IT (conttiwd) 

X-I4T oMsmcAnmicrfwcm or ssisrw mj*if 
QAX SIOGE 

Birth Birth X-B«y Age at 
Date Height Koober Date X-Bay X-Bay 

Utt»9 (1955) (Iba.) of taa fax (1955) (Sara) Claaa. 

*1064 2/15 485 F 2/22 7 ®4 
*1065 2/15 430 M 2/22 7 B2T 
m1066 2/15 624 r 2/22 7 C 
m1092 2/16 169 F 2/22 6 C 

1117 2/20 15 F 2/22 2* »2 
*1127 2/21 349 F 2/22 1 82? 
«»1129 2/22 -52 F 2/22 0 B3 
at1138 2/23 648 M 3/10 15 C 

1144 2/25 * -30 F 3/10 13 C 
1150 2/26 * 458 M 3/10 12 >4 

•ft1151 2/26 656 H 3/10 12 C 

1155 2/27 81 F 3/10 11 B2t 
1156 2/27 554 F 3/10 11 C7 
1158 2/27 ai 595 F 3/10 11 B3 
1160 2/28 4* 524 M 3/10 10 *7 

m1161 2/28 634 M 3/10 10 82? 
m1163 2/28 350 F 3/10 10 82? 
m1165 3/1 347 M 3/10 9 C? 

1166 3/1 368 F 3/10 9 C•ft 

1169 3/2 «» 101 r 3/10 8 »3 
1177 3/5 527 F 3/10 5m B3 
1217 3/20 170 N 3/24 4 S2 
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HBUE XT (eoatlaiMi} 

X-IAT OuASSIFlCATION OF PROGENY OF 20 
OIK IXS6B 

Birth Birth X-Kiiy Ag* at 
Dot* Might KariMr Bat* X-Baj X-Xaj 

Tattoo C19551 of Urn 8cs 119551 (Bawl Claaa. 

1068 2/11 m 550 X 2/22 11 B2 
1073 2/13 m 653 f 2/22 9 C 
lOTO 2/16 m 196 r 2/22 6 C 
1091 2/16 m 86 r 2/22 6 C 
1096 2/17 m 600 r 2/22 5 C 
1100 2/17 m -141 r 2/22 5 82* 
1108 2/19 m 204 M 2/22 3 C 
1116 2/19 Oft 482 M 2/22 3 C 
1139 2/24 362 F 3/10 14 C 
1159 2/28 •ft m F 3/10 10 C 
1164 2/28 m -11 F 3/10 10 Ct 
1168 3/2 o» 652 r 3/10 8 c 
1179 3/6 m- 448 F 3/10 4 B2 
1189 3/7 m 126 M 3/10 3 B2 
1204 3/13 m 395 F 3/24 11 C 
1207 3/14 m 328 M 3/24 10 C 
1213 3/18 * •135 F 3/24 6 CT 
1215 3/18 m 31 M 3/24 6 CT 
1221 3/22 m 651 H 3/24 2 G 
1222 3/22 m 41Q X 3/24 2 C 

V • ^.-V 
jJ-

">* * (\• ~. \ t it 
;V V. <y' . , 

' J.%- .4.i .T •, ', ... f. . •■ . 
v;;.. 



H 

ims Zf(eoatinuad) 

x-iMt cuitzncmoi or vmom m nurao mu.2z 
QKR IZMat 

irar 
teta 

Birtti 
Weight 

Z-Biqr
Data 

Aga at 
Z*B^r Z-Say 

iBSte. (Ibffr) ■sLfiae 2£L mn (^yf) JIttfia. 
1101 2/18 340 r 2/22 4 C 
1111 
1119 
1123 

2/19 
2/20 
2/21 

-29 
92 

•24 

f 
r 
r 

2/22 
2/22 
2/22 

3 
2 
1 

82 
83 
83 

1224 
1243 
1247 

3/23 
3/31 
4/5 

-583 
677 
779 

f 
r 
r 

3/24 
4/7 
4/7 

1 
7 

C 
C7 
83 

1259 
1275 
1276 

4/13 
4/22 
4/22 

24-
-185 
IB25 

r 

r 

4/21 
5/3 
5/3 

8 
11 
11 

82 
Ml 
C 

1279 
1285 

4/26 
5/2 

•170 
-137 

p 
p 

5/3 
5/3 

7 
1 

G 

82 
1296 5/9 -187 M 5/17 • 82 
1299 5/11 •247 K 5/17 6 82 

S.. I. .... 
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HILI XT (eottttaMd) 

z-m cussiriciknoii or PBOcmnr or muzroiD nu. 22 
SPEUKSflZLO 

Birth Birtk l-W Ago ah 
D«te Velght ■labhr Dttho Z-laj X-Zar 
I1955> CLb».) of Ban Sex <19551 CIMnra) 

■945 1/5 60 124 r 2/15 41 »2* 
■965 1A9 54 143 r 2/15 27 0 

tm 3/22 71 532- M 3/29 7 e 

■075 4/19 69 643- 11 5/11 22 ct 

■605 4/19 58 623- r 5/11 22 c 

^' -s ■ _^v ' 
' ■ ' '■ ■' ■ * h 



i. - ■' ' -l " '■ fVv^' V''^' 

t$JtUt XV (eeaelawNI) 

z-aur caLAssmcATioir or noGsmr of msraa vvll 23 
smifGFiELa 

pttt»9 

airCh 
Date 
a955) 

Blrtk 
ftelghC 
abs.) 

IkniMr 
of Dam 8n 

Z-8ior 
Date 
(19553 

Aga at 
Z*Say 
(Dara) 

Z-Xay 
Class. 

«9S5 
l»75 
1985 

1/16 
1/26 
1/28 

68 
67 
60 

438 
482'^ 
882 

N 
M 
r 

2/15 
2/15 
2/15 

30 
20 
18 

82? 
CT 
Ct 

1995 2/9 61 40* F 2/15 6 
8015 3/4 65 38* M 3A9 15 C 
H0Z5 3/9 71 521 F 3/19 10 c? 
1935 3/18 84 51* H 3/19 1 B2t 
1955 
8095 

4/2 
4/20 

75 
78 

522-
81X 

n 
M 

4/13 
5/11 

11 
21 

Ct 
C 

8105 4/24 53 4 F 5/11 17 C 
8115 
8125 

5/1 
5/22 

75 
86 

462-
1 

F 
M 

5/11 
5/30 

10 
8 

C 
C 

8135 6/9 71 53 M 6/24 15 C 

■' • ' . 

^ i 
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WBJl Z?(contlmied) 

t-memmmm m mom m mn wox u 
iLOiHT 

Birth Birth X-Bay Age at 
Date Weight Banbar Date X»lay X*lley 

tettoo (1955) (Lbe.) of Dm Sex (1955) (Days) Claaa. 

U15 1/23 68 \as M 1/29 6 B2 
U25 1/27 52 71 M 2/3 7 C? 

»35 1/26 54 21 r 2/19 22 *3 
U45 2/1 59 Iff H 2/3 2 B2 
VS5 2/4 61 ffff f 2/19 15 C? 

065 2/8 67 H 2/19 11 B27 
075 2/11 60 Iff )( 2/19 8 B2 
085 2/11 60 F 2/19 8 B2 
095 2/13 61 ffX F 2/19 6 B3 
0105 2/13 62 ffff F 2/19 6 C? 

0115 2/14 58 "321 F 2/19 5 B2 
0125 2/25 57 Iff K 3/5 8 B2? 
0135 2/26 62 Illff F 3/5 7 B3 
0145 3/1 59 Iff M 3/5 4 C? 
0155 3/5 59 TO F 3/23 18 C 

0165 3/22 75 ffff K 3/23 I c 

0175 4/5 68 iTor M 4/23 18 B2 
0185 4/9 55 ffsr F 4/16 7 83 



80 

TUMBLE XV (c<mtixttie4) 

z*m eutfmczxiiai or racxaanr m jmatB ivu.as 
dOSSflLLK 

•M , , 

Birtb Tsar- Z-lap 4ia at 
Bate waight Itanber Data Z-Iay Zolqr 

Tattoo CW55) ttba.) of Ban lax (1955) (Dava) Claaa. 

PIS 2/9 6S 45 M 2/28 19 Ct 

P35 2/16 60 22 P 2/28 12 G 

P95 2/26 S8 21 11 2/28 2 >2 
PIOS 2/28 64 52 M 2/28 0 C 
P12S 3/1 54 63 f 3A7 16 C 

PISS 3/2 64 50 M 3/17 15 c 

P165 3/2 48 54 P 3/17 15 »3 
PI75 3/3 52 24 M 3/17 14 C 

P175H 3/3 48 24 P 3/17 14 c 

pias 3/3 54 40 P 3/17 14 B3 
P195 3/3 57 62 M 3/17 14 C 

P205 3/3 57 47 a 3/17 14 Ct 

P233 3/4 60 S3 p 3/17 13 Ct 

P243 3/4 67 35 a 3/17 13 Ct 

P2dS 3/7 65 SI M 3/17 10 B2 
P275 3/8 65 37 p 3/17 9 c 

P295 3/14 72 43 M 3/17 3 c 

P305 3/14 56 36 M 3/17 3 B2 
P3X5 3/9 60 61 P 3/17 8 »3 
P325 3/18 70 39 P 3/31 13 C 

P345 3/19 74 34 H 3/31 12 c 

P36S 3/21 64 30 P 3/31 10 B2 
P375 3/24 70 38 X 3/31 7 B2 
P4QS 3/28 60 42 M 3/31 3 B2 
P41S 3/28 65 46 M 3/31 3 »3 
P44S 4/10 65 56 P 4/14 4 C 

P4SS 4/11 68 49 P 4/14 3 B2 
PS2S S/ll 64 57 M 5/30 19 Ct 



  

XIBU X?(eentliwea) 

X-BAY CLASSmCATXOM OT nOGBMY Of AMGVS BfU. 26 

clotsmuc 

iirth Sirth X*^y Asa at 
Date lialsht IHmi»at Date X-Xay X-lay 

Tattoo (1933) o£ Dan Sex (1935) (Days) Class. 

P25 2/9 33 • f 2/28 19 KX 
F43 2/21 46 76 r 2/28 7 C 
F55 2/23 46 28 f 2/28 3 Ml 

P65 2/24 54 9 M 2/23 4 B3 
?75 2/25 52 26 M 2/23 3 or 
785 2/23 55 12 P 2/28 3 € 
PII3 2/23 47 83 F 2/23 0 B2 
P133 3/2 55 5 P 3/17 13 C 

P143 3/2 35 7 M 3/17 15 c? 
P213 3/3 60 39 M 3/17 14 c 
P223 3/3 36 55 P 3/17 14 B2T 
P253 3/6 69 1 il 3/17 11 02 
P283 3/3 56 6 M 3/17 9 

P333 3/19 54 13 P 3/31 12 02 
P333 3/19 52 15 P 3/31 U C 

P383 3/26 63 3 M 3/31 5 C? 

P393 3/23 43 4 K 3/31 3 02 
P423 4/3 53 31 M 4/14 11 C 

P433 4/3 65 11 tf 4/14 11 CT 
P463 4/2 47 85 P 4/14 12 C 

P475 4/14 46 86 F 4/14 0 CT 
P485 4/27 60 10 11 5/11 14 C 

P493 4/30 57 84 F 5/11 11 C? 

P50S 4/30 57 87 H 5/11 11 B2T 
P319 5/5 50 16 11 3/11 6 ct 

-r 

* le • 

'■V 


	Thesis56.A33_2.pdf
	Thesis56.A33.pdf

