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Most breed associations have adopted the tudversal 

horse birth date of January 1.. There.fore, many horse owners 

JHHl emphasize early .breeding in c:rd·er to produce futurity 

prospects or young horses for ·.the shoii circuit. Pi:oducers 

of yearlings are conce.rned pri:ma..rily with the short~tei:m 

goal o.f obtaining t.be highest prices for their houses. 

B.uyers tradi·tionally, have paid more for a large-f.ra.med., 

well-muse.led yearling, assuming that the larger the horse, 

the sooner it can begin training and competition .. 

It has seemed logical to horse .breeders &:hat foa.ls born 

earlier in the caleudar year are larger-framed and heavier 

at a 1.ater fixed date than foals born later •. 

of race horses ace .most: concerned with t.he 

T·hus, owners 

pcoduction of 

early foals.. HoMever, breediD<J to produce foals early in 

tJ1e calendar year is costly in terms of a:eproductive 

e:fficie.ncy; neither the stall.ion nor : the maLe are 

physiologically or behaviorally adapted _for such an early 

breeding season. 

!therefore, 

objectives: · 

this study was developed with the followin·g 

1. ro obtain defia.i ti ve information ·on 

patterns of Thorougbbi:ed foals from .birth 

summer .of thei.r yearling year. 

1 

groiith 

to the 
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2.. 7o eva.liiiate the illf1uence of month of birth on 

growth and developmEnt. 

3. To develop equations that predict and desci:ihe 

the .patterns of growth in various parts cf the 

body. 

If it coul.d .be es·tablished that foals born la.tei: in the 

spr.ing were not at a disadva.ntage in terms of size, maturity 

or racing ability compared to foals born in Ja1111ary and 

February, the emphasis p1aced on an early-breeding schedule. 

cou1d be a.dju£rted. ,In order . to convince horse owners, 

buyers of prospective race hoI:ses and futurity prospects, 

stud farm l!lanagers and breed associations to make an}' cha.nge 

reqarding current m.anaqe.ment·practices, tlte .relations.hips 

between birth month and si,ze or ability .need to be studied. 

Pre11ious researchers have alluded tothe idea that there are 

no dif fe.rences in size between early- and later-horn foa.ls, 

once a particular age .is reached. aowevec, .many of th.ase 

.studies were conducted with small numbers of animals and 

many factors; that could influence g.co¥th and size were 

iqno.red. A recent study., cond,ucted with 1100. Taoroughbred 

foals, Has des.i9ned much like the proposed project. 

H-0wever, it was conducted ia Canada, w.he.re enviromental and 

seasonal conditions di.ffer from those in Virginia •. 
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None of the established gr:owth studies of horses have 

been conducted in Virginia. nor: have the e.ffects of month of 

birth or sex on gro~th been determined at constant ages and 

at constant dates. Th.us• the proposed research would 

increase om: knowledge and uuderstandinq of the growth 

patterns of Thoroughbred foals. Additionally, conclusions 

draw11 from the proposed study could be useful to ind.i viduals 

raisi:n9 othe.r breeds o;f horses as well. 



BEVIEii OF I.1'.tERATUi.E 

!iJ;Qj!!}!··mand···Q.eve).opj!eB! 

Growth can . be de'fined as a biological synthesis •. · 

Development can be defiaed as speciali2ation of.that matter 

which is synthesized. Thus, the two phenomena can occur 

e.ither simul·ta.neously or independen·t.ly. .. Upon . reachiag 

mat.Ure size, an animal h.as ceased visible 9rovth Jet 

homeostasis, the balance of catabolism and anabolism .of 

ph:ysical co.nstituents, maintains a .: constant mature size 

(Brody, 1945) ... 

The growth of individuals and populations has been well 

stud.ied and characterized. Brody (1945) reported that 

growth carves Mere asymptotic.. THus, they. became 

curvilinear vith t:ime. The inflection point. in ,:the gi:ovth 

curve, bei:ween the linear and quadratic prot.ions·of the 

curve, was equated with puberty. •.. J:a qeneral, puhert.y in the 

horse occurred at 18 110::-of-age and at a body weight ego.a.I 

to 681 of mature size (Si11ou9hb.y, 1975). . l.n -comparison, 

cattl.e and sheep had 301 of -their mat.nre bodJ weight at 

pabert.y (Brodr, '1927) ... ·· 

Optimum growth or aa.ximum 9roiith and su.pe:rior growth 

are not synonrmous. Brody (1945) stated that snperioz:ity 

implied e:fficie.ncy and vitality while :the most .rapid growth 
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was associated with the highest early mo:rtality. Bussell 

( 1969) and Joubert (1963) noted that. in domesticated species 

of cattle co111pared with unselected species, there was a 

greatly accelerated rate of growth. Furthermore, puberty 

occurred at a time ahead of the inflection point in the 

growth curve such that there was no constant relationship 

between the inflection point and the onset of puberty. Ihey 

suggested that opti.mum 9rcvth dissrupted the relationship 

between normal gro~th and normal reproductive function. 

In 1978, the J?JRC stated that their estimated gi:owth 

curves for .horses of various mat.u.re veiqht.s ile&:e 

"examples rather than models of 

hecaus€ the question of how .fast a 

growth cuz:ves 

horse should 

grow for maximum perfoLmance and soundness remains 

unresolvedn. 

Actual growth curves of individual body parts could serve as 

an index to p.I:oper .feeding and management by pointing out 

critical periods of growth and d.Eve.lopnHEHl.t (.Heird, 1913) .. 

-Many investigators have attempted to characterize the 

size and scale of various breeds of hors·es, including the 

Thoroughbred horse (table 1). However, these measurements 

a.re reference points only and offer no insight into the 

growth and development of the horse. 



TABLE 1. AVERAGE MEASUREMENTS OF CONFORMATIONAL COMPONENTS IN 

THOROUGHBRED HORSES AT BIRTH), tJR AT MATURITY3 , 

Body ineasurement 
Wither Heart 

Horses Number Weight height girth 
(kg) (cm) (cm) 

Foals 1 55 42.7 92 •. 8 78.6 

Stallions 2 8 166. l -

Stallions 2 6 162.0 -

Stallions 3 545.0 162.o -
Mares 3 500.0 160.0 -

1 
2McNellis, 1945 
3Dinsmore, 1959 
Willoughby, 1975 

Cannon bone· 
circumference 

(cm) 

11.8 O"I 
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The qro'Wth rates of different bi:eeds are similar, yet 

t.he.ir mature si:z.es differ. 'Thus, stages of growth are 

co11Hnonly expressed as percentages of the mature size. 

Perceatages are most meaningful when comparing di.fferent 

breeds o.r sexes ·within a .breed. 

J1egre~ S!! .!!~!:.~u:e sj,~.,g ,gJ;; l!ir!h · g.J!g t~§ -9Sl!1 JU ~at~~i-!.:Y 
At birth, horses possess a la:r:qer proportion of their 

:mature limb length compar:ed to t.foe proportion of their 

mature body mass at birth (table 2). "the percentage of 

mature weiglit at birth was lower thall the percentage 

maturity of all othe;r measureu1ents at birth. Likeidse, the 

percentage i:ncreas,e in weight from birU1 to maturity was 

greater than the percentage increase" i11 all othe:r con:fo.rma-

tional components during the samt: period. On the other 

hand, the proportion of the mature .length from knee to 

ground, an indirect measure of c<rnno,n bone le.ngth, was 

larqest at birth and the least percentage increase in l.engt.h 

from knee to ground from ldrth to maturity was .observed. 

Trow,bridqe and Chittendo:n (1932) reported that at birth, 32 

and 673 of wither height. were due to chest depth and length 

from chest floor to ground, 

age, chest depth made 

respectively .. 

up 

At .five y.r:-of-

;wither freight. 

iojciechowsld (1965) reported that the postnatal inci:ease i.u 

lilllb length was Dl.ini.mal whe:n compared to growth in other 
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TABLE 2. THE PERCENTAGE OF MATURE SIZE IN VARIOUS CONFORMATIONAL COMPONENTS 
ATTAINED AT BIRTH AND THE PERCENTAGE INCREASE IN THOSE COMPONENTS 
MEASURED FROM BIRTH TO MATURITY 

Studies reporting percentage 

of mature size at birth 
increase f roni. 
birth to maturity 

Measurement 

Wither height 
Hip height 
Body weight 
Knee to ground 
Elbow to ground 
Cannon bone 
circumference 
Body length 
Chest width 
Heart girth 

.62 

8 

82 
71 

59 
45 
39 
42 

1cunningham and Fowler, 1961 
2Heird, 1973 
3Hintz et al., 1978 
4Trowbridge and Chittenden, 1932 

79 

94 

75 
65 
64 

c3 

62 

10 

D4 

58 

54 
932 

26 

65 

124 
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parts o.f :the body. 'I'his f urth,er illustrates that 

q;uantitative postnatal growth of body mass is proportio1rnlly 

greater t.han growth of skeletal fra.me. 

Because foals possess varying degrees of maturity in 

specific body measurem·errts at birth, .it is .not surprising 

that they attain ma·turity in particular measurements at 

diverse ages. .Reed and Dann C1977) and Cunningham an.d 

F ow1e.c (1 :961) reported tila t fema~les reached .mature 

proportions ear.li,er than did males (table .3). In 

comparison, f1,eird ( 1973) suggested that. the age at maturity 

1t1as equivalent for both sexes.. In all o;f these studies. 

measurements were not obtained between 48 and 60 mo-of-age. 

Thus, the accurac.Y of obtaining age at maturit.Y was limited 

to 12 mo,.. .lurthe.rmo.re, there were considerable 

discrepancies between i:eported ages at maturitf, 

.particularly for the length from knee to ground.. The 

discrepancies were due to a verv small increase in the 

le.ngth from knee to ground .from 6 to 60 mo-of-age.. :Reed and 

.Dunn ( 1917) reported the age at maturity as tl\O mo-of-age 

while Cu1rni11gham and Fow.ler: ( 1961) were less precise. They 

assumed the sizes at ,6 and 18 mo-of-age of males and 

f.emales, respectively, to be mature. 

In gen,eral, horses reached matu:i.:e skeletal dimensions 

before they a·ttained mature body mass. This is not 
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TABLE 3. AGE ( MONTHS) AT WHICH HORSES ACHEIVED MATURE SIZE IN 
VARIOUS CONFORMATIONAL COMPONENTS 

Individual studies 

Al B2 c3 

Measurement Males Females Males Females Males 

Wither height 60 48 60 48 36 

Hip height 60 36 60 48 

Knee to ground 60 60 6 18 60 

Body weight 60 60 60 60 

Body length 36 36 36 48 48 

1 Reed and Dunn, 1977 : Arabian horses 
2 and Fowler, 1961 horses Cunninghan : Quarter 
3Heird, 1973 : Quarter horses 

Females 

36 

18 

60 



surprising as 

their mature 

31 

foals are born !With 

limb length relative 

a larqer 

to body 

proportion of 

mass.. The 

maturation in length from k.nee to ground occurred earlist in 

foals followed by the .ma·turatioa of body length, hip height 

and :wither height, r.espectively. Mature bod1 :weight "lias 

achei ved after all skeletal components had reached mature 

size {table 3) .. 

The daily quantitative requirements for pzotein, 

calcium and phosphorus and the pe.rcentage o:f dietary energy 

is greater for horses from .birth to 24 mo~of-age than for 

horses older than 2 yr-of-age (NBC, 1978). In addition. 

protein quality, particularly lysine availability, is more 

critical for young growing ani1nals than foe mature horses 

(Ott et al., 1979}. Colts fed diets containing ei tber: milk 

protein or linseed meal pJ.us lysine gained mo.re weight, laad 

<,lt:eat.er nit:c:ogen retention and €.xhibited a higher feed 

efficiency t.hancolts fed a diet containing linseed llleal. as 

ths only pro·tein source CHint.z et al., 1971) ~ Tbus. the 

i.mportance of proper nutriti-0n for the young anima.1 can be 

emphasized. Dietary requireme;.nts are greater for younger vs 

o.lde.r ani1uals, and .most. of the linear or skeleta.l growth 

must he acheived by 12 to 21.l mo-of-ag"e (Heird, 1973). 
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Heird {HH3) and Hintz et al., ( 1979) reported that: 

colts were heavier and ta.l.le1: than fillies at birth.,.· Durinq 

gro•ta,. colts were generally larger tha11 fil1ies, (Dawson et 

al • ., 1945; Heird, 1'113; B.intz et al • ., 1979). i'urthermore. 

differences in size between 'mature males aDd < fe11a1es have 

been observed £or Arabians, '.Thorouqb.breds and Quarter horses 

(tab1e 4). Mature males were heavier., taller at the 

withers, hip,. knees and hocks, possessed more f erearm 

mu.scle, ches·c width and a grea,ter canaoa bone circum.ference 

than did females. However, females vere longer than males 

(Cunningham and Fowler, 1961; Heird, 19?3; ii.lloughby, 1975; 

Beed a.nd Dunn, 197 7) • Similar comparisons for weight and 

height between mature males and females of Belgian, grade 

draft, liorgan and grade 1iqht breeding •ere made (DatJSGll et 

al., 1945). 

Gro:wth rat:,es in,- various I?£>;J;i;i<Ul§.of.· .... :t1.. ..... , 999-J' ~ - _,...,.._ h±'ihri"l!=ll" -- -- ___ , ---- - - ~ 

to chara:cteri:ze growth patterns, it. is necessar1 t.o 

ohtaiD , measureme,nts at intervals throughout , the , growing 

phases. The· ra,te of growt.h changes :from birth to maturity 

(Brody, 1945) • Addi t:ionall.y, qi:ovt.b rates differ .between 

various parts of the body and between sexes. 
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TABLE 4. DIFFERENCES IN CONFORMATION OF STALLIONS AND MARES AT MATURITY 

Breeds investigated 

Quarter 3 Quarter 4 
2 5 Measurement Arabians horses , horses Thoroughbreds 

Body weight (kg) 19.5 1 13.2 45.0 
Wither height (cm) 3.2 3.3 2.0 
Hip height (cm) 3.2 
Hock to ground (cm) . 76 2.3 
Knee to ground (cm) 1. 12 .88 
Chest width (cm) 5.3 6. 35 
Cannon bone 
circumference (cm) .51 .51 
Circumference of 
forearm muscle (cm) 7.6 6.05 
Body length (cm) -3.3 -4.57 -9.42 

1 Each measurement represents mean measurement of stallion - mean measurement 
of mare. 

2Reed and Dunn, 1977 
3cunningham and Fowler, 1961 
4 Heird, 1973 
5willoughby, 1975 
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Growth of 7'horoughbred and p"'31lJ foals was more rapid 

from birth to 3 mo.,..of-aqe when , compared tc ,qrowth between 4 

and 12 mo~o£-age (lojciechowski,, 1965; Goyal et al., 1981). 

Green (1976) observed that Thocou9hbred colts born from 

Feb:ruary to June exhibited a period of i:apid 9ro11th from 13 

to 18 mo-of-age in conjunction with spring and early ,summ.er 

pastures or pre~sale coaditio,ni.Jig in the late su1uaer •. , 

Growth was less intense from 18 to .36 moT"o:f-age and vas :more 

variable due to various training and nutritional. regimens •. 

The in.crease in body weight of ponies or Quarter: .horses 

was fairly co.nst.a.nt from birth to J mo>:-of-aqe but the rate 

or gain decreased with increasi.ng age. (Jordan, 1977; 

1!cKeever et a1 .. , 1981). 7he curvilinear nature of gi:ovth in 

various measurements is exemplified by the aaount of gain 

exhibited by .horses during various aqe inte.rvals (table 5) 

a.nd by the percen·ta9e of mature size acheived hJ hoxses at 

various ages (table 6) •. Males o:f the Arabian breed, 

exhibited greater increases in ;sit.her height., hip height:, 

body length and body weight l:rom birth to 12 mo".-o.f-age than 

did females (Beed and Dunn,1977). Quarter horse co1ts had a 

greater increase ,in wither heiqht and cannon bo11e 

circu.mference from birth to 6 mo-of-age than did fillies · 

UicKeever et. al., 1981)., In contrast• Heird (1973) stated 

that from birth to 6 mo":-of-age, Quarter horse fillies gt:e,w 
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TABLE 5. THE INCREASE IN SIZE OF CONFORMATIONAL COMPONENTS OF FOALS 
WITHIN AGE INTERVALS. 

Breeds investigated 
Age Arabians·1 . . 2 

interval Thoroughbreds 

Measurement (months) males females foals 

Wither height (cm) 0-12 44.9 44.5 
Hip height (cm) 0-12 48.3 46 .3 ' 
Body length (cm) 0-12 70.1 67.9 
Body weight (kg) 0- 3 110 

3- 6 170.5 166.8 75 
6- 9 60 
9-12 94.2 92.4 45 

1 Reed and Dunn, 1977 
2 Hintz et al., 1978 
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TABLE 6. THE PERCENTAGE OF MATURE SIZE ATTAINED BY HORSES AT VARIOUS AGES. 

Breeds investigated 

Thoroughbreds 1 Quarter horses 2 Arabians 3 

Age 
Measurement (months) foals males females males females 

Body weight 6 46 43.8 43.7 
12 67 57.8 62.5 
18 80 81.3 77 .2 

Wither height 6 83 82.1 81..5 
12 90 89.4 91.9 90. 78 92.03 
18 95 95.3 95.4 

Body length 6 78.6 76 .2 
12 89.0 86.2 90.69 88.4 
18 95.2 91.1 
24 97.92 97. 74 

Chest width 6 67.0 74.6 
12 77 .o 86. 7 
18 87.4 94.6 

Cannon bone 
c.ircumf erence 6 82.2 83.4 

12 90.9 93.8 
18 98.8 96.9 

Knee to ground 6 100.0 99. 4 
12 100.0 99.9 96.11 97. 49 
18 100.0 100.0 

Hip height 12 92.55 94.28 

1Hintz et al. , 1978 
2cunningham and Fowler, 1961 
3Reed and Dunn, 1977 
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faster than males. Ct.hers reported equal gains .by males and 

f ema.les up t:o 12 mo-of-age jCunningham and Fowler 1 1961; 

Wojciechowski., 1965; Green, 1969). 

Females qene1:all y attained mature proportions before 

males (table 3). fioreover, 

mature t.han colts at various ages durinq gro1i1th (table 6) .. 

The relationship of greater maturity in body weight, wither 

height, chest width and cannon circumference at 6, 12 and 18 

mo-of-age for females vs males can be related to smaller 

· mature proportious exhibited by females vs males fta.ble 4). 

Body lenqth of females ,was at a lesser stage of maturity 

th.an body length of males at 12 or 24 mo-of-age (Reed and 

Dunn 11 1977). In addition, mature lenqth of .females was 

greater than that of ~ales (table 4). 

Brody's {194.5) growth curve equation is M.ritten 

-.kt 
Wt = A (1-E } 

where !Jt i.s ileight at time t, A is the .mature weight, B is a 

constan:t of integration and k is the maturi11g rate. B:rown 

et al., ( 1972) reported a strong negative corre.lation 

.between A., the mature weigh·t 11 and k, the maturing rate for 

Hereford and Angus cattle. '.I-hey concludEd that an animal 

that matures earliest will possess the smallest body weight. 

Fitzhugh and Taylor (1971) further concluded that 

individuals that :were more mature at any age were lighter at 
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maturity. Researchers, previously Ille:ntioned, vho have 

studied equine growth, have not utilized standard growth 

curve equations to characterize qro~th. However, simi.lar 

conclusions about maturing i:ate and .its relation tc mature 

size can be drawn. 

In qe.neral, f i11ies 

thereafter to maturity, 

throughout the growth phase. 

were smaller at birth and 

were more mature than colts 

Additionally, fillies attained 

mature size a't a younger age than did colts • 

.!l!J:'.ii!ltilli.I Al! .. ~S~!!ll . 
The standard deviations of most body measurements 

increased from birth to ma tm:it y. (Cuuning.ham and .fowler, 

1961). For example, the standard deviations of birth weight 

were 5.0 kg for males and 6.4 kg ;for females.. At 5 yr-of,-

age, they were 36.3 and 54.4 kg for males and feEales, 

respectively. However, the coe;fficiezrts of variation of 

birt:h weiqht and weig.b.t at 5 yr-o.f-aqe were 10. 8 and 6. 7%, 

respectively, for males, and were 14.4 and 10.21, 

respectively, for fe.males. As horses matured, 'they became 

more uniform in si:ze. 'Ihe 1£a.st variability a1110.ng Eeasures 

was in those influenced by skeleta.l development such as 

wither height and length of head. Heart girth and body 

weight were most variable as they depend, to a great extent.-

on general physical condition, ·trai.ninq, etc. fCu.nningllam 

and Fowler, 1961; Green 1961; Beed and Dunn. 1977). 
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'Ihe relationship between growth in various parts 0£ the 

body can .be determined by corre.lation cceffic.ients. For 

instance, 92% of the variation in heart girth was associated 

with variation .in body weight (Cun:ningham and Fowler, 1961). 

However, only 19% of the change in body weight was related 

to an increase in the length fi:om knee ·to ground (Heird, 

1973). The increase in lim.b length is less than the increase 

in size of body mass from birth to maturity .. 

Correlation coefficients can also be used to determine 

i:f mature size can· he estimated from measurements obtained 

at :birth .. (1978) observed that t.he 

relationship or the corr,elation betweeu birth weight and 

body weight at 4, 6 or 12 mo-of-age decreased over time 

{table 7) .. A similar trend ilias observed for irither height 

at birth and at. the various ages. In contrast, · ileed and 

Dunn { 1977) established a gro•th carve for wither he~ght 

t11at ,enabled tbe-m to estimate mature heiq.ht £rom the height 

at birth .. 

Heird (197.J) suggested that bone size was indicative of 
( 

overall muscling and mature size. High correlations .between 

ca.nno.n bone circumference 0.1: muscling and skeletal size have 

been reported (table 8). Muscling was dete.rmined from 



TABLE 7. CORRELATIONS BETWEEN MEASUREMENTS AT VARIOUS MONTHS OF AGE FOR 62 THOROUGHBRED FOALS 1 

Body measurement 
---

Body weight Wither height Cannon bone circumference 
Body Age 

measurement (months) 0 4 6 12 0 4 6 12 0 4 6 12 

Body weight 0 1.0 .70 .63 .61 .52 .63 .59 .47 .49 .23 .28 . 46 

4 1.0 .89 .69 .23 • 71 .65 .45 .33 . 39 .J6 .55 

6 LO .67 .24 .61 .61 .37 .38 .35 .37 .53 

12 LO .24 .51 .57 .55 .29 .24 .24 .64 

Wither height 0 LO .37 . 37 .20 .38 .09 .12 .19 N 
0 

4 LO .86 .70 .44 .47 .41 .48 

6 LO • 77 .34 .32 .41 .54 

12 LO .23 .32 .27 .53 

Canpon bone 
circumference 0 LO .30 .19 .33 

4 LO .42 .32 

6 LO .37 

12 LO 

1From Hintz et al., 1978 
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TABLE 8. CORRELATIONS BETWEEN CANNON BONE CIRCUMFERENCE 
AND VARIOUS MEASUREMENTS OF QUARTER HORSES 

Measurement 

Wither height 

Heart girth 

Forearm muscle 
(circumference) 
Width of quarters 

Body length 

Chest width 

Body weight 

1Heird, 1973 
2cunningham and Fowler, 1961 

·Individual studies 
r'1- .. --~--t..--

Heird1 
~U.L.L.L.L..&...L~51.LQ.lll2 

and Fowler 

.89 .95 

.89 .93 

.84 .87 

.86 .91 

.86 .90 

• 77 . '-. 88 

.81 .90 



circumferential measurements 

muscles. Bi:nt:z et al .. , 

correlations between weight 
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of the forearm 

(1918) reported 

or height; and 

and. gask.in 

that t:he 

can.non bone 

circumfe.rence increased vit.h age. 

betfieeB wither height and cannon 

obtai.aed at 12 mo-of-age fr=.64; 

T.he highest coi:relation 

hone circumference was 

table 7) ... Perhaps t.he 

differences in these .· data · can be attributed to breed 

conformation• Quarter horses (Cunning.ham and Fowler, 1961; 

Heird, 1973) 1978) are qenera.lly more compact animals, with 

heavier, more massive muscling and boae than !horoug.hbreds 

(Hintz e-t al., 1978). 

The correlation bet.ween .age and circumference of the 

forearm muscle was .~1. Thus,. muscling was depeDdant to a 

large extent on factors other than age.. lrorearm muscle 

circumference was highly correlated (r:::.92) aith chest: 

width. As the amount of .musclin.q .· increased,. the animal 

became broader (Cunninghaa and Fowler, 1961)•. .Heird (1973) 

report.ad a correlation of .. 15 {r) between chest width and 

,forearm muscle circumference •• 

Age was no"t. ·. highly correlated 11it.h the .· distaaces from 

knee or hock to ground; r= .22 and .;J7,. respectivel.J 

{Cunningham and Fov.ler, 1961). These are reason.able 

figures; foals possess a hi9h degree of mature si.ze in t.hese 

proportions at birt.b and they :reach mature size at a young 

a9e. 
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Various portions of the equine physique are.at various 

stages of maturity at birth and throuqhout growth~ .. Likew.ise, 

skeletal growth in various locations .is asynchronous and 

nonlinear .. .I:n general, long bone growth was rapid prior to 

80 d-of-aqe. Therea:ftec, there was a gradual decrease in 

gro•th rates; no obvious lags or spurts were noted (Campbell 

and Lee, 1981). Beakim et al .. ,, (1981) indicated that 

progressive minera1izat.ion (.bone mineral content as 

determined .by ash) of the ·third metacarpal o.f weanling foals 

was curvilinear between 120 and 470 d•of-age. Fifty-three, 

87 and 1001 of the total groiith at: the prox.ilial radial 

cartilage was present at 3, 12 a:nd 18 mo..-of•age, 

respectively. However, g:ro11th at the dist.al :cadia1 

cartilage was more linear. 

At birth, 6 to 7 epiph yseal plates vere not oss.itied in 

Quarter horse and Thoroughbred ·· foals (Campbell., 1977}. 

Between birth and 12 mo.,..of-age, t.he phalangeal plates 

ossified (tab.le 9). From birth to maturity, less thaa SJ of 

the increase in height was at-tributed to 9rowth in carpal 

and ,metacarpal areas (,Heinze and Lewis, 1969) .. Likewise, 

the length of the metacarpals, metatarsals and, phalanges 

increased only 5 to 10% o.f their or.iginal le.ngth compared to 

~ 50% increase in length of other .bones (Caapbell and .tee, 

1981) .. 



TABLE 9. RATES OF GROWTH FOR VARIOUS LONG BONES BETWEEN 52 AND 104 
DAYS-OF-AGE AND THE APPROXIMATE AGE AT WHICH THE 
EPIPHYSEAL PLATES OSSIFY. 

Long Bone 

Distal third metacarpal 

Proximal first phalanx 

Distal first phalanx 

Proximal second phalanx 

Proximal radius 

Distal radius. 

Proximal ulna 

Distal ulna 

Proximal humerus 

Distal humerus 

Proximal tibia 

Distal tibia 

Proximal femur 

Distal. femur 

~ers et al., 1966 
~einze and Lewis, 1968 
3 Morgan, 1974 
4campbell, 1977 5 . 

Campbell and Lee, 1981 6 . 
Goyal et al., 1981 

Age (mo) at epiphyseal 
ossification1•2 •3•4•5 

10-18 

12-15 

0- 1 

9-12 

.15-20 

30-36 

24-36 

6- 9 

18-30 

14-20 

24-30 

18-24 

24-30 

Growth rate 6 . 
(ug d-1) 

73 

63 

32 

123 

165 

168 

88 

198 

178 

207 

192 
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When comparing the rate o;f growth of tvo opposing 

epiphyseal p.lates., growth was .lllost rapid at the extremity 

;where the epiphys.is vas .last to unit:e (table 9; Gayal et 

al., 1981). The ratio .of pro.x:imal to distal radial growth 

from birth to maturity was 36::641 (Heinze and Leu.is, 1968). 

A simila't: ratio of 37:631 was rep9rted (Camp.bell an.d .Lee, 

1981). Growth at the proximal humeral e.rtremity accounted 

for 75J of the total inc.cease in i:he humerus. In both the 

femur and tibia, growth at the proximal extremity 

predominated; the ratios were 55::45%. 

Grmwth was more rapid in the 

f orelimh (Goyal et al., 1981). 

hind limb c than ill the 

Cl.osure of ~he distal 

metat.arsals was later than c1osure of the distal .metacarpals 

(Kruger, 1939; Heinze and Lewis, 1968; So:rgan, 1974; 

Campbell and Lee, 1981). The :total iacrease in length of 

the tibia was greater than ·the i.ncrease . in length of any 

other bone. .. The :ratio of tibial to :radial growth i.n the 

foal Bas 1.3: 1 . (Campbel1 a.nd I.ee, 1981) •. · 

Be·tween 52 and 1-04 d-of-age, growth rates at 0all of the 

extremities were slower .in females than in males (Goya.l et. 

al,., 1981) .• Addi·tional.lJ.- Myer et a1 • ., .(1966) ,reported tha~ 

ossif.icat.ion of most epiphysea.l plates occurred earlier in 

fillies than in colts. 
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Her;!.!.sh_i li,,!.y .Qi, £9..9.I j!le_ss.g~es 

The total pheuotypic variation in a population is due 

to environmental influences, h.:n:e<l.ity and their interaction. 

Heritability estimates a.re _based on the _resemblance between 

relatives, for instance, the degree of resEmhlance between 

parents and their of£spring. Thus, an estimate of the 

correlation between the phenotype and the genotype can be 

obtained. (Lasley, 1972). 

The mature weiqhts of sires and dams of 409 Aw.erican 

bred draft colts were 930.1 and 798.5 kg, respectively. 

{Crampton, 1923a). Xhe offspring's mature ~eight was 

between its parents weig.h:ts. Furthermore, the mature weight 

of colts was closest to the weight of their sires while the 

mature weight of fillies was closest to the veight cf their 

dams. T.hus_, the weiqht -0.f o.ff.spring was influenced bJ both 

of its parents heights and by sex. 

The heritability estimates of various body .measures 

varied widely among researchers itable 10). Hintz et al., 

{1979) ana Kownacki et al., {1911) noted that ..heritability 

estimates increased with age. Heritability estimates for 

various body measures, based on intraclass correlations of 

pa-ternal half-sibs among 599;6 mares, iiere highest at 5 yr-

of-age (Varo,, 1965). The he:ri ta bi lity estimates of 

conformational traits in male offspring were higher than 



TABLE 10. HERITABILITY (h2) ESTIMATES OF BODY MEASUREMENTS OF PONIES AND HORSES. 

Individual studies 
Measure 

Al B2 c3 D 

Wither height .996 .628 .42 .391-.68 

Body length .385 ---- --- .225-.645 

Heart girth .26 .118 --- .319-.642 

Cannon bone 
circumference . 13 .284 .25 .276-.558 

Body weight -- .274 --- --

1Barauskas, 1975 : 60 ponies, dam-daughter pairs 
2Dusek, 1965 : 130 halfbred Thonoughbreds, dam-daughter pairs 
3Khotov, 1971 : dam-daughter pairs, warm-bloods 

ES 

.33-.88 

--
--

.17-.77 

.21-.90 

4Kalmykov, 1973, 1974 : 1855 'Standardbreds, offspring-midparent correlations 

males 

. 572-. 778 

--
.358-.555 

.438-. 779 

5Hintz et al., 1979 : 1992 Thoroughbreds, h2 calculated at 0 to 44 and 450 to 714 days-of-age 
6Kownacki et al., 197-1 : 2582 horses, unknown breeding 

F6 
females 

.265-.520 

-- N 
-...J 

.125-.359 

.225-.534 
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those cal.cula·ted for female offspring (Kownacki et al., 

1911). 

J;g,!1u~n£.@·O!'s9e·..Q! ~!l!Jl··aii!i!!!·o11·· Ail~ .Q!··.th~··foal .!!··hifth-
. a.ad ·· nn ,. its ···· develop111ent ·· - ~ .---.. -·~- _._.,..._.""llil'I>-

Maternal age may influence t.he size and deve.lopment of 

i·ts o.ffspring. Dams less than 7 and greater than 11 yr .... of-

age had li.qhter foals at birth than did mares 1 to 11 y:c-of-

age (Hintz et al., 1919). D.iffereaces among· foals, from 

mothers of different. ages; persisted until" foals reached 

.510 d-of-aqe. The same trends llilere observed :for · wit.her 

height and cannon bone circumference. .In coutrast, 11are 

age did not affect the size of Qaarter horse foals from 

birth to 6 mo7""of--age (!1cKeever et aJ. • ., 1981) •. However,. tae 

s-a.mp.le size in.· the s·tudr o:f .Quarter horse foals 11as 

considerably smaller (27 foals). thus differences .may haYe 

bee.n undetected. Jordao and .DeCamargo ( 1950) _reported i:.hat 

nei th.er mare nor stallion a9e in:f luenced the wither he.ight 

of foals at birth. 

Crampton (1923.b) stat-ea that proper nutrition of the 

growing horse, partlcularlJ during stre.ssful periods allows 

an animal to :reach its .ma.xi.mum .potential• Draft co·lts that 

were fed a limited grain diet d1u:.inq their first 3 yr of 
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life, had skeletal :measurements similar to those of colts 

that received a more li.bera1 diet (80. 221 more • grain and 

22 .. 71 less hay) Cj;roui:u:idge and Chit·te11don,. -1932) .... At J y:r-

of-aqe, limit-.fed colts were 48.1 kg liqhter than li.berallJ-

fed colts. i·he liberal.ly-fed colts c-ommanded a kighe.r sale 

price but had .less endurance f.or work •. / Dawson et al. .. , 

( 1945) noted that .inadequate nutrition (range wintering) 

affected weiqht more than heiqht i.n 6-mo t..o .5-yr-old horses ... 

The horses not subjected to adverse e1u1i.ron.meata1 conditions 

,weighed 45. ~ kg more and uere 3. 81 cm taller at the · 1dthers 

at maturity than range-wintered horses ... 

iean1ings that were restricted nntritio.nal1J f.or 4 mo; 

then fed ad li.bitum .for 4 mo, developed contracted tendons 

(Hintz et al., 1976). However, weanlings that we.rE full fed 

for 8 mo did not exhibit similar problems. Height gains of 

both groups, while receiving feed ad .libitum, were similar. 

After a to 9 mo -of receiving full .fee.a, and in' spite of 

continuous' weigh:t gains, the angle of the £et.locks returned 

to normal.. Tlu1s, increasing ·body weiqht was .not de:t.:ciinent.a.l 

to the recovery process.. Goyal et al., (19.81). reported no 

significant correlations betwee11 wei9·ht gain and gi:owth rate 

at the e.xtremi·ties of limb bones o.f :f.oals from 52 to 104 d-

of~age.. Contracted 

(Hintz et a1., 1976). 

tendons were observed in yearii,ugs 

The horses were unhealthy, heavi1y 
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parasitized and sma.11 for their age. Within 2 mo of 

consuming a 65% TDN diet ad libitum, 4 of 6 aniaa1s 

developed contracted tendons and 2 of the 4 exhibited 

anterior deviation of the metacarpo-phalangeal joints •.. ·· 

Liberally-fed colts were more succeptible to problems of 

feet and leg sound.ness in comparison to limit-.fed colts 

Crrowbridqe alld Chittendon, 1932) •. 

Stromberg (1979) · attribu·ted the developaent of 

osteochondrosis d.issecans in youn9 horses to a gene·tic 

pl:edisposition for rapid gro·ilth cqmbined with excess dietary 

energy intake. ~ransition of cartilage to bone was 

disturbed and contour.s of the ossified articular,. cai:t.ilage 

were altered such that subchondr.al bone cys·ts developed. 

Basal layers of thickened retained cartilage became 

necro·tic. llesulting fissures !iere .i:eplaced by 

f:ibrocartilaqe rather t.han normal, hya.line ca.r·tilage.. Thus, 

a general skeleta1 weakening diminished the use.ftilness of 

the ho.rse. Stromberg ( 1979) did no•t rel.at.e e.xcEsses of 

diet.ary protein, vita,mins or mi.nerals to the development of 

the condit.ion. He d.id note that the incidence of 

osteochondrosis dissecans was bdce as great. i·n .males as in 

females-. 

Epiph.ysitis, 

diaphysis,. is 

a disru ptio.n 

similar to 

of :noi: .mal 9 ro.wth at the 

osteochondrosis dissecans .. 
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Possible causative agents of E'piphysitis are lack of 

unrestricted·. exercise (Owen, 1975), mine.ra.l .. ·. imba:lance.s, 

excessive dietary protein and energy, or any coabination of 

factors (Coffman, 1913; .Bintz and Schruyve.r, 1976). 

Proper nutrition throughout growth . is critical to 

proper development; 

beneficial. However, 

neither un.der-nor over-feedi.og ·•· is 

until th.e optimua 9rOW'th rate, of the 

horse is elucidated, the nutritional :cequireaents needed to 

acheive optimum. growth will remain an egaiaa as well. 

n~•J..J!f}-l1!}B€~-·:.2.f--J!§!B;tb-:2i•·}}i,i'_t!r::2J!w~w£!•-~jr·th# $~.01th aJ!j 

12~.17.!2P!lS;..~ -

Thoroughbred foals bor11 in April, Bay or June were 

sign if icant.ly heavier, taller at the vit.hers and had greater 

cannon bone circuntference than foals born in January, 

February or March (Hintz et. al ... , 1978)'... . .. Differences 

persisted antil 18 mo-of-age. Further examination of -the 

data revealed that at a common date o:f-sept 15 (weanlinq 

year),. foals born January 15 were - 76 kg heavier and a cm 

taller t'han foals born •April 15.. However, 11 mo later, in 

August of their yearling year, diJ:ferences had decreased-to 

30 kq of body weight and 2.7 ca of height at the withers ... 

McKeever et. al., (1981) studied the changes in hodJ 11ei9ht, 

wither height, cannon bone circumference, and the distance 

f:com knee and hock to ground of 21 Quarter horse foals _from 
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.birth to 6 mo-of-age. only the rate of canno:n bone growth 

and the increase in distance froa hock to g~ound varied due 

to month of bi.rt.h. 

length from the 

Foals born i11 April and May gained more 

hock to the ground th.an foals .torn in 

February, i!arch and June. 'Ihe rate of increase i.n cannon 

bone circum.ference v.as qreatest for foals .bora in JUD€.. As 

previously mentioned, the sample size a.nd subclass .numbers 

in th.is study were small, particularly in :February and June 

f1 and 2, respectively), thus, the re1ia.b.ility of results is 

questionable. Neither Green ( 1969) nor Wojciecho~ski {1965) 

observed differences in growth rates .between foals lb01::11 in 

Janua.ry or February vs foals horn .in March, April or 5ay. 

~lb.en co.mparing foals o:f indigenous breeding, those horn 

in the spring were ta.Iler and heavier at birth tha.n those 

born in the fall (Lo.h.man and Mari mac, 1952).. The difference 

was .reversed at 1 yr-of-age. .E'oals born in the fall shoMed 

a moi:e rapid post-weaning gain, because they were weaned in 

the late spring, compared to foals born in the spring and 

weaned in the fall. Conversely, Jortlao and DeCamargo (1950) 

reported that foa.ls born from May to Sept.ember were smal-ler-

framed .foals at .birth than those .born from October to 

December. Also, shorter gestation periods lie,re associated 

with the smaller foals. Hintz et al., (1979) noted that 

mares ~ith late spri.ng foals not only had gestation periods 
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of 3 d less than early foaling mares, .but t:heir foals were 

larger at .birth. t'lar:es exposed to 16 h light:8 h dark 

prepartum, had sho.r:ter gestations (337 d) than mares sxposed 

to natural lighting (348 d) {Hodge et al .. ,, 1981). However, 

the measurements at birth of 'Yleiqht, cannon bone length, 

cannon bone circumference, wither bo;;ight and heart girth of 

foals were not different between gxoups. Thus, there is a 

possibility that photop·er:iod influences the onset of 

parturition, prenatal grovth and fetal development. 

There .has been much speculation on the magical formula 

fo.r producing a winner.. .Limited scientific data are 

involved in the speculation. However, an .investigation of 

the lifetime race performance of 1822 Thoroughbreds was 

conducted at Claiborne farm in Kentucky,. Foals born in 

January and June .bad lower li.fetime earnings and an average 

earniuq index lAEI) on'e thil:;d less than the AEI of horses 

born from late February to May. The percentages of stakes 

winners, winners and .no:n-starters, ca.lculated f.rom :r:ecoJ:ds 

of all foals born in each month, <lid not vary among birth 

months. An interes·ting note Yas that racing age, or the 

date of the fi.cst start, cwas no soon'Eu:: in the ea.cly than in 

the late born f.oa.ls. Thus, there was no apparent: ad vantage 

for the older horses at the race track (Holli:n9s1rnr:th, 

1915) " 
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_l'l!~ llJlu.g1t£~ g_! ·.~~~on .Q1! .!".£.Q£iJJ.£!.i"n1 j,ji _t};ie illJ!J;g 

Tbe primary cause of repr:oductive ine.f.ficiency in the 

horse is due to the incompati.bility of the ope.rational and 

the physiological breedi.nq seasons (Kenney et al.. 1975),. 

'l'lie operational season, based on the uni vera.l hic:thdate of 

January 1 (Jockey Club, 1982), begins i.n Feln:uary and 

extends ·to Ju.ly 1. However, the mare is .most .receptive, 

both physiologically and behaviorally, from Hay to 

September .. 

Normally, estrus lasts for a period of 4 to 10 d (Loy, 

1967). The normal cycle length is 20 to 21 d 1 estrus lasts 

an average of 5 .. 5 d, ovulation occurs 24 to 48 h prior to 

tbe end of estrus and t.he corpus luteu:m CCL} is active for 2 

to 1 J d (Hughes et al., 1'.97 2)... Req:ression of the CL occurs 

3 d p:r:ior to t.he onset of estrus. Trum 0950) characterized 

1543 estrous cycles and reported that the occurance of 

a:bnoI:mally long estrous periods was .most prevalent in the 

early spring~ Of estrous pericds in March, April, May and 

Juue to July, 18, 7, 2 and 0%, respectively, were longer 

than 9 d. Concurrently, Loy (1967) and Hughes et a1., 

( 1:972) reported that while 80% of ma.res responded to a 

teaser in May, only 20 to 251 of mares exhibited hehaviora1 

estrus in January and February. Based on examination of 

5000 slaughter specimens, Osborne (1966) concluded that 91% 
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of mares ovulated during the winter. In contrast, Van 

Niek.erk (1967) reported that during the wint:er and sp:ing, 

853 of mares had little to no follicular growth, long 

estrous periods ox: fo.11icular developm,ent without ovulation,. 

In the summer, 96 to 1001 of mares in beat ovula·ted. 

As the summer solstice (June 21) app.toaches, the.re is 

an increase in pregnancy rate and a decrease in i:equired 

secvices per conception {Ke;nn,ey et al., 1975). :First 

service pregnancy rates of 1777 \;'uarter horse and 

Thoroughbred mares were 44, 40 and 5 4$ for ma.iden., bari:en 

and foaling mares, respectively (Sullivan et al., 1975)~ 

The cumulative pce9nancy ,rates following '5 services iiere 84 1 

74 and 84.$ for the three groups of .mares, respectively. 

Hutton. and Meacham (1968) calculated several ratios in an 

·effort to character.ize the repi:oductive efficiency of horses 

at 14 .farms. TJ1ere were an ave:r:aqe of 1 .. 58 estrous periods 

pe:r mare, 1.64 services per period and 2. 59 total services 

per mare during the breeding season u:nti.1 .mares were 

pronounced in foal.. Caslick (1'9.31) .reported that the 

average Thoroughbred .mare required tbree pe.:ciods of service 

for conception .. 

Conceptio:n rat.es of mares bred ia Ja,nuary and February 

were 28,. «;; and 27 .. Bl. ·respectively {Hutton and Meacham, 

1968),. Jennings (1981) repor-ted a 22.93 conception rate for 
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mares bred in February. Conception .rates in .May, June and 

increased to 57 .. 2, 51 .. 9 and 59.JI, respectively 

(Button and Meacham, 1968). Sim.i1ai:ly, Jenni.ngs {1.9;81). 

reported higher rates of 53.2, 57.1 and 31 .. 5,S during the 

respective months. There were a · numbe.1: o:f .mares wit.h 

hreedi.ng u.:nsou:nd;nesse.s included vitb the data for Ju.ly 

(Jen.nings, 1981), thus, the conception rate in July was 

.l-ower than that observed by Hutton and Meacha.m (1968). 

-'.T.he ·· i.n:f lueace .. of · season on reJ;?rod uct:ien - ia · t.he stallj.gp 
~- 11!11 .. ---' _, -------· ·--- • ·- • .., --------· - ---- ....,,..,. ___ -

Season al.so influences the stallion's reproductive eff-

iciency. The effect of month and stallion on 180 paired 

ejaculates (two ejaculates collected within 14 hr),· o.hta.ined 

from 5 sta1lions at :weekly intervals, was studied (Pickett 

et al., 1970). The mean vo1ume of semen was 36.9 and 33.1 

ml in ficst and second ejaculates, res pee ti vel:J .. Mo.nth 

significantly influenced t.he volume of both ejaculates •. ~he 

mea.n volume in December was 25 ml compared to 50 ml . in 

Spe.rm concen.·tration, total .sperm per ejaculate, 

motility, mounts/ejaculate and reaction time were influenced 

by season.; In Apri1, first ejaculates cont.aine4 an aver.age ·· 

of 450 x 1 Q6 sperm ml- t; in Oct, they contained 300 x 10° 

sperm .m1-1. Total sperm :numbers per ejaculate, collected in 

May or November. were 12. 7. and 6 ... 6 .x 10•, respectively. 

There was a consist.ent 505' reduction in sperm numbers of 
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second ejaculates. .Hotil.ity of raw semen was high.est: (601) 

in the winter or spring and lowes·t (45S) in ,late su.m:mer or 

fall. Mounts per first ejaculate iacreased froa 1 .. 2 to 2.;.4 

in April a.nd October, respectively., The reactio11· time 

:increased from 206 s in August to 819 s in January.. . The 

degree of sperm agglutination was highest in t.he fall months 

and lowest in December and January. . Clumpi11g was probably 

related to qel--volume. :fhei:e ¥ere no seasonal effects on 

pH. The pH of first and second ejaculates were 7.43 and 

7.(t. respective1y.;, An increase in t.he co.nti:ibutioa .from the 

accesso.rr sex glands accounted for · the hi9.her pli .in · .· the 

second ejaculate. 

Ina subsequent experiment of a similar design &Pickett 

and Voss, 1972), most results were comparable to . those 

obtained by Pickett et al... (1970). Howeve:t, theJ found 

that. pH .of raw semen increased from 1.36 in May of the first 

yea:r to . 7.57 during the .follovinq April.. %he pH of 

accessory gland · f.luid is appro.ximate.ly 8.0, thus it was 

concluded tha·t i.ncreasinq pH represented an increased output 

o:f accessory sex glands and(or) a deci:ease in·epididyaa.l 

contributions. A ski.m milk extender prevented spera 

agglutination .such that mot:ility did n·ot cha.nge :with season. 

Reaction timeor the time between siqht of the .11are and full 

erection,was 47 sin aay and 10 ... a min in Dec. In' addition, 
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the incr-eased tendency for stallions to savage mares during 

the non-breeding season was observed. 

,!lliEl~i!li.!.~~ ·· ! 0 ,fil!J;:,!y · li~~· .. §C!~lU!lE~ ··· 
The operational breeding season begins in .February 

(Kenney et al., 197 5) and does not coincide with the .natural 

breedi.ng season of the horse. iherefo:re it seems 

impractical to breed mares before April. j;·here is a general 

consensus among breeders that IllOre abortions a11d general 

reproductive problems occur in mares bred .in February rather 

than in la·te spring. Thus, early breeding mus·t be justified 

by another means. 

Sullivan et al.,. (l975} s·tated that the pregnar1cy rate 

in .mares could be as high as that observed in cattle .. 

Utilization of artificiai insemination {A.I.) co:mbined 'With 

sound management could increase equine J:eproductive 

efficiency. ~be advantages of A.I. in terms of safety, 

health and p.recision have been esta·blished {Jennings, 1981) • 

Anot.her ad vantage is that a larqe number of mares may be 

heed iii thin a s.ttort period of ti.me.. Many breed associations 

allo11 t.he use of li. .. I., however the Jockey Club {1982) states 

that 

"A foal is not eligible for registration unless it 

is begotten by a stallion•s natural service of a 

mare and unJ.ess a natural qestation takes place in 
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a..nd delivery is from the body of :the ma,re in which 

the foa.l is conceived. Natural service includes, 

for U1e purpose of this paragraph, the immediate 

reiuforcement of the stallion's service by a 

portion of the ejaculate produced by the stallion 

during sud1 covern. 

Thus, the 'lhoroughbred producers, in order to 

facilitate the servicing of 60 tc 80 mares per stallion per 
I 

year, must breed mares throuq.hout a period of 5 lilO. 

However, if .it can be sho1u1 that foals born in late spring 

have an advantaqe in te:rms of growth rate and performance, 

it Yould be most efficient a.nd eco:nomical to adjust the 

breeding season to an April and May foaling schedule and to 

explore new tech.nigues and management schemes to allow such 

a practice. 



EXP Blt:IMR.NTAL PROCED U.i.E 

"fhirteen ·Thoroughbred ··· farms in Yir9iaia were. utilized 

for this study. Records 11ere compiled on 121 foals .horn in 

1981. . The contemporary group consiste_d of foals horn in . 

.January (7)., February (lG) , . flarch (33) , April (4li),. Bay (24) 

and June (.3) • .. · Of the .121 horses., 67 1fere fillies and 54 

were colts. Foals aere sired by 85 different stal1ions.; 

Records were also obtained o.n 139 foals horn i.n 1982 at the 

same farms. The contemporary qroup included foals bora ia 

January {6) I February (18) • .March (29). April (48). may (33) 

and June (5) • Of the 139 horses, 71 were fillies aad 68 

were colts. For the 260 foals .born in 1981 aad 1982, there 

were 145 sires and 196 dams represented • 

.Body measurements were recorded on the foals hor11 in 

1981 beginning in February 0£ their yearling year. 

Measurements were taken four times at 6-wk intervals from 

Februar:r through the third •eek in .Ju1y. Co~curJ:e:ntlJ, 

records were initiated on the foals borjn in 1982, begianing 

within 7 d .of birth (when possible) and were updated at 2-ao . 

intervals throuqh the third week in July of their yearling 

year. Several. mares were sent to breeding farms preparta11 

for foaling and rebreeding, thus, init.:ia1 measurements on 

their foals were obtained at approximately 3 ao~of-a9e •. 

40 
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Each animal was held to stand guie·tlJ and squarely 

during the measuring proced are .. Seven diif erent 

measurements &ere taken on each animal. 

Height at. the withers: the vertical di.stance .from the 
highest protruding thoracic vet:tebz:ato the 
ground •. 

Body length: the length from the· point oft.he 
shoulder to the furthest. p.rotruding point of 
t.he .buttocks .. 

Height at the hip·: the vertical dist.a.nee from the 
highest point of the croup to the 9round •.. · 

The length f.rom the Ju1ee to the ground: the 
vertical distance from t.he distal point of 
the carpus to the ground. 

Cannon bone circumference: the distance around 
the mid.shaft portion of the third metacarpus. 

Chest width: t.he horizo1ftal distance betaeen 
i:.he points of th,e shoul.ders .. 

Heart girth: the circumference around the body 
at the point where> the wit.her height 
measui:e:ment·was obtained .. 

Height at ·the uithers, body lenqth and height at 'the 

hip were obtained wit.h a standard horse measuring stick, 

calibrated to a metric scale and fitted with levels on .both 

i:.he ve.r:tical. shaft and ho.rizo.nta.l ar:m. Tlle dis ta.nee .from 

:knee t.o ground, caanon bone circumference, chest width aad 

heart girth measurements were obtained with a :fle.d.bl.e 

fiber.glass.tape. All measurements were recorded in ca1:o;nce 

on each side of t.he animal in order to account for uninre:o 
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sta11ces, unlevel ground a11d discrepancies ,between points of 

measure.. 'Ikey were recorded tc the nea~est • 1 cm. 

Body weight was calculated f:i::o:m the mean heart girth 

measureme:nt using the :folloliii.n.g equations {i'il.lougltby, 

197.5). 

a.. Colts with a heart qirU1 < 167 ... '6 cm: 

[ (.0546 x heart girth) + .. 4 J3/2.204 = body ,weight 

b. Fillies with a heart girth < 167.6 cm: 

[ f.0544 x heart girth) + .344]3/2-204 = body ~eight 

c. Colts with a heart girth > 167.6 cm: 

(.0570 .x heart girth) 3/2 .. 204 = .body weight 

d. Fillies with a heart girth > 167.6 cm: 

f-0565 x heart girth)3/2.204 =body weight 

Other items in each horse r:ecord included birth date, 

£arm, sex, ag.e and height 0£ ·Uae sire and dam. , No·tE:s were 

maintained on ieedinq :i:;;egimens at each farm. 

~-!..,q_t:i§~!.!§~_!····m~J!.2..9§ 

The average o:f each paired measurement obtained for 

each horse was calculated ai1d us,ed for all .further analyses. 

Data from each birth year were analyzed separately... Horses 

were classi.fied by farm, sex and month of birth. Because of 

the small 1u1m.ber of foals born .in January and June 1 foals 

bor.n in January and .February wer:e classified together, and 
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£oals born in May and June were grouped.. Farm ef.fects were 

not of primary interst, thus, multiple comparisons between 

.farms were :net conducted.. Sex and .month of birth were fixed 

variables and when either was significant CPS.1), 

comparisons between levels ;were made. The general linear 

model.s procedure of the Statistical Analysis system (SAS, 

1979) was used for the analyses. 

Growth grv~ ·· 

Tke model employed to identify differences in .birth 

measurements or initial measurements i;ncluded the effects of 

.farm, sex, birth month and the interactions of farm x sex, 

farm x ,birt.h month a.nd sex x birth ;mouth as sources of 

variation. 'I.he appropriate error term for these effects was 

the horse within farm x sex x month mean square. Linear and 

quadra"tic regressions of secial body measurements on age and 

the interact.ions of .linear and quadratic age effects with 

birth month, se·x and farm were included in the analysis.. In 

ord·:er to estimate regn:!ssion co,efficient.s, tile ind.i vidual 

horse effects were abso,rbed. The horse e:ffect and ·the 

regression coe.f.ficie:nts were tested by the residual error 

term flppendix tables-1 and 5). Growth carves for each 

measurement., adjusted for farm and sex ilere derived .fI:om the 

estimates of the intercept and the linear and quadratic 

coefficients... Regression equations for the growth curves 
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were calculated for foals in each birth month. 

curves wer·e pl.otted by date .c:ather tha.n by age. 

In order to facilitate comparisons of body meastu:ements 

of foals at a given age, based ou .month of bicth or sex, all 

measm:ements .fot: 1981 :foals I.Were interpolated l.inearly to 
p • 

350 or 400 d-of-age. These two cons·tant ages were chosen 

because measurements of each of the foals were available 

throughout the range of these cons·ta.nt ages .. Measurements 

of 1982 foals were interpolated linearly to 30 1 90, 1501 

210, 210, 340 o~r 400 d-of-age. .Actual measurements were 

also available throughout this range. In .most of th€ 

coJllparisons at 340 d·-of-aqe were not i.nc.luded 

because they did not a.id in interpretation of the data. The 

nwdel used to analyze data adjusted to a . constant age 

included the effects of far.m., sex, .bir·th month, the sex x 

birth month interactio.n and residual error as sou.rce.s of 

variation,. Al.l mai.u effects and the interaction uere tested 

by the residual e:rror term (Appendix table 2) .. Least 

squares means and their standard errors were calculated for 

11H:~asurements of f oa.ls horn in eac.b birth month arid for 

measurements of col ts and fillie,s at each constant age"-
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If the effect of month of birth was significant (P~ .. 1) • 

l.east squares means of bodJ measurements vere compared •. · 

Tukey•s pairwise comparisons were conducted when . 

appropriate. 'l'nkey•s procedure assumes that each paii: o.f 

means bei:ng compared are ranked at extreme e.nds of :the array 

of means.. Furthermore, the experimentI1ise error rate or the 

pro.portio.n "alpha" of all subse.guently repeated expez:iments 

that ·iioUld contain oae or more erroneous decisions is 

control.led by the chosen ualpha0 1evel. T.uke:y•s critical 

differences are more conservative than those calcn.lated ,by 

other multiple compariso.n procedures, thus the.power o.f each 

test is les:s than·. t.ba·t of tests made by other co11;parison 

procedures. Differences .between·· measurements at constant 

ages were not identified by Tukey•s · critical va1ues, 

although the !'-tests were significant (P~.1). f:heretore, 

Duncan's mu.ltiplerange test was utilized. '!'his procedure 

sacrifices the experimentwise ei::ror rate or in~reases ·t.be 

probabi1itJ of ma.king an incorrect declaration of, treatment 

di:fferences. However 1 the poitler of the test is greatec,. 

thus, the chance of locating the cause of tile sign.ificant .F 

is greater (Lent.oer and Bishop, 1978). To characterize 

qrowth of the :foals and to explain where differences 

existed, Duncan•s multiple range test wasutiiized. Due to 

unequal. subc.lass 11u.mbers, a harmonic mean of .. t.be standard 
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errors was- ca.lculated and used to determine critica1 va1-aes. 

:there were no significant sex x .birth month interactions,. 

therefore, diffe.re.nces between sexes, averaged across months 

of birth,. were examined ·w.hen the probability associated with 

the F-test for sex effects was~ .1. 

-~--- effe§! ,,.9£ J!!aJ=e -.age· 91!. ···- J!§.s§UI;$1!!.tir~~r .Q! --.tgill-__ -at- &§llstant · 

s..gge-

In each data set, mares ve:ce grouped in ages from4 t:o 

7, 8 t.o 11 and older than 11 yr. Thirty,. 40 a.nd. 30 J of the 

.mares were in the .respective age classifications in both 

data se·ts. The effect of mare aqe on a11 para-mete.a:s at the 

constan·t ages was tested by .least squares analysis of 

variance using a mode1 (Appendix table 3) that. i.ncluded tae 

effects o.f .farm,. se;x, bir-th month, mare age, t.he interact.ion 

o.f mare age x birth month and residua.l error as sources of 

variation.. .Least .squares means of .measurements at specific 

ages were d-etermined when mare age was siqnificant. fl? 5 • 1). 

-~ ---- !!ill~~~-- sBsWis --- of· •st:ia!l§~ ·-, _;9!'-~ 11eas.uJ:cmeJl!.~h 

-2.!J!!tY!~ ll'. C;!lll!l§ll·.Q.et§S-

'ibe aeasureme.ot.s of 1981 f-oals in July 0£ their 

yearling year and of 1982 foals in January and July of their 

yearling year we-re classified by mo.nt.b o:f birth and by sex 

across birth .month. The model used to test the .sources of 
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variation was the same model used to analyze values adjusted 

to constant. ages (Appendix ta.ble 4). Comparisons Here done 

o.n the same basi.s e.xce.pt that di.f.ferences .hetwee·n least 

squares means., due :to month of birth, were tested using 

Tukey•.s 

differences 

critical 

betw11:Mm 

Tukey 1 :s pairwise com pacisons (P< .. 0.5) .. 

values were utilized to identify 

measurements due to month of !birth ra the.t: than Duncan's 

multiple range test for several reasons. 

conservati:1re test, yet we we:ce a,ble to 

Tukey•s is a more 

locate differences 

due to birth month. Furthermore, in July of their yearling 

year, foa.ls are sold to prospective race horse 0111.ne.cs. The 

size of tli.e horse is a factor that a.ffects the selli.ng price 

of the animal. Thus., the economic decisions ,made at this 

time, iufluenced in .part by the si.ze of the animal, made it 

necessary that we 

did exist Ci~e-: 

be confident in stating that differences 

that the experiment:wise error rate was 

controlled). The harmonic 'mean of standard errors was used 

to determine critica1 va1ues. 

Th;§ J;~.§~J!!!eJ&u!ce be;!:!{een .~ · wi.:tJ.tj:!r. · h:?!ght of .e~ent.§ ang 

£!£f.~,ill 

T11e rese.mblance betJ:een the :wither he.ight of parents 

and their o.ftsprinq was investigated. Mare height, stallion 

height and average heigh.t «>f the two were a.nal:yzed; the 

effects of far:m, birth mont.h and residual e.rror wer:e sources 
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of variation in :the analysis... 'Ihe variation due to month of 

.birth was consistently non-.significant, thus the .· three 

parameters were analyzed usinq a model without the e.tfect of 

bir·th mont.h inc.luded as a source of variation. The 

rela·tionship between wither he.iqhts of parents and 

measurements of their 1981 offspring at 350 or IJGO d-of-aq:e 

and in July of the year.ling year were determined. It vas 

determined £or 1982 foals usiag Jlleasure.ment:s obtained a·t 30, 

90, 210. and 400 d-of-aqe and in Ju.ly of their yearli.n.g year. 

Three models were ·used to generate estimates o.f resemblance .. 

.Farm, sex and month of birth.were discrete effects while all 

others were continuous variables. The offspring-.;sire and 

offspring-dam regression coefficients were derived f :r:oa a 

model that included effects of fa.r11.1, sex, birth month. sire 

heigh-t, dam height and ·· residual e.x:ror as sources of 

variation.. '.'lhe offpring-:midparent regression coefficients 

uere determined usi.nq a model that inc.luded effects of farm, 

sex,. birth month. the average .height of the parents and 

residual error as sources of variation. '!'he regression 

coefficients describing the :resembl.ance between .the wither 

hei-gh-t of offspring in Jul J of the yearling year and the 

height of their ···their parents, came from a aodel that 

included effects of .farm, sex, average height of t.he 

parents, the ~age of the •Offspring in July and residual error 

as sources of variation. 



:RESULTS AND DISCUSSION 

Initial body measuremellts and qrowt.h patterns of the 

1982 foals were studied usinq the mode.l shown• in Appendix 

tab.le 1. Probabilities associated with the f-tests of the 

sources o:f variation a:re l.isted in ta.ble 11. All. the 

initial body measurements, except cannon .bone circumference, 

varied due to farm effects (P< .()3) •. Sex of ~he foal 

contributed a siq.nificant amount of variation to initial 

wither and .hip height. the measure.meats o:f ·heart 9irth, 

calculated body weight and . .body leaqth were influenced b.J 

month of birU1 (P< • Cl'!I). .. 7'he interactions of farm x sex and 

month x sex d.id not influence any of the initial measures, 

however,, the et.feet of .farm x montb ·. contributed a 

significant amount of variation to initial heart girth, 

wither and hip height, knee to. ground an·d body 11eight 

measurements. :In general, the most prevalent factors ·U1at 

affected initial measurements were fara, .month o:f .birth and 

individual horse d.ifferelices. Least squares means were not 

calcu.lated with this d.arta se·t as they would have needed 

adjusting fox dif.ferences in age of all foals a·t any. point 

.in·· ti.me. However, the calculated intercepts were used to 
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TABLE 11. THE PROBABILITIES ASSOCIATED WITH THE F-TESTS OF SOURCES OF VARIATION IN THE ANALYSIS OF VARIANCE OF EACH 

SET OF SERIAL BODY MEASURE!1ENTS OF 1982 FOALS l 

Body measurement 
Source of Heart Wither Hip Chest Knee to Body Body Cannon bone 
Variation girth height height width ground weight length circumference 

Farm .01 .01 .01 .03 .01 .01 .01 .18 

Sex .19 .07 .10 .99 .19 .50 .22 .70 
Month (of birth) .01 .38 .27 .23 .23 .09 .08 • 34 
Farm x Sex .29 .26 .14 .33 .11 .30 .27 .48 Vl 

0 
Farm x Month .05 .02 .05 .58 .08 .04 .55 .42 
Sex x Month .64 .85 .60 .24 .95 .69 .25 • 77 

Horse .01 .01 .01 .01 .01 .01 .01 .01 
Age .01 .01· .01 .01 .01 .01 .01 .01 
Age x Age .01 .01 .01 .01 .01 .01 .01 .01 
Age x Sex .06 .01 .01 .40 .39 .01 .08 .01 
Age x Age x Sex .18 .03 .04 .67 .92 .12 .59 .07 
Age x Month .01 .76 .41 .05 .19 .03 .30 .01 
Age x Age x Month .03 .09 .11 .12 .67 .51 .51 .13 

r-square .97 .98 .97 .95 .83 .98 .97 .97 
Coefficient of 
variation (%) 3.0 1. 9 2.1 4.1 2.6 5.9 3.4 2.3 
Repeatability between 
paired measurements.(%) 99.86 99.09 99.09 97.01 91.84 - 99.28 99.18 
-
1The analysis follows the model depicted in Appendix table 1 
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identify differences in size of the foals at birth ~table 

12). Foais horn in May-June had the larqest initial body 

measurements and the foals born in Januacy-Fehruary were tbe 

smal1est overall. In most cases, the raBge of intercepts 

from smallest to la.rqest para~lleled the range of birth 

months from January-February to May-June. The mode1 

explained a large perce:ntage of the variation in the data 

tta:ble 11), thus t:.he intercepts were reascaabl.y close to t.he 

true initial mean values.. However, the intercepts were 

estimated by the best fit of the data. Several 

uncontrol.lable factors in ·the data collection process may 

have influenced the value of the estima·ted intercepts. 

several mares did not foal at the .farms visited, and 

measure.ments of their foals were not obtained until a time 

later than birth. Thus, the predicted values of initial 

measures on those foals were outside the range of ac·tual 

data. Hal.f of the foals born in February :were at one farm. 

Furthermore, those foals were net measured until they were 

at least 1 wk old, therefore, the predictions of t.beir 

initial. body measures were outside the data set. Predicted 

values, outside the 1:ange of actual data, increase variation 

in the measuremen·ts. Hounrer, the coefficie.nt of variation 

in the initial measures was fairly 1011 and ranged from 3.2 

to 7.6%. 
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TABLE 12. REGRESSION EQUATIOllS ll!TH LifffAR AND QUADRATIC COMPONEtlTS OF SERIAL 
BODY MEASUREl1ENTS ON AGE THAT WERE USED TO PLOT GRO\ffH CURVES OF l 982 
FOALS BORtl OUP.ING DIFFERENT MONTHS. 

Components of .the regressfon equations 

Body Month Intercept Li near Quadratic 
measurement of birth ( x age) ( x age x age) 

Heart girth Jan-Feb 87.456239 + .34646943 - . 00035117 
March 88.684879 + .36258681 - .00040326 
April 93. 930193 + .33087487 - .00036757 
May-June 97 .417101 + .32190113 - .00036662 

Wither height Jan-Feb 102.1474 + . 19746075 - .00019806 
March l 04.29063 + .20114325 - .00021743 
Apri 1 104.17517 + . 19845895 - .00022203 
May-June 106.15574 + . 19463606 - .00022040 

Hip height Jan-Feb 105 .10629 + .20973465 - .00022248 
March 107.72268 + .20872831 - . 00024804 . 
Apri 1 107.68864 + .20872831 - .00024569 
May-June 109.96612 + .20351067 - .00024513 

Chest width Jan-Feb 22.372913 + .07273869 - .0000728 
March 23.071838 + .0738098 - .00008035 
Apri 1 23.739398 + .06620406 - .00006667 
May-June 24.150619 + .07050843 - .00007674 

Knee to ground · Jan-Feb 34.052833 + .02913688 - .00003162 
March 35. 170142 + .02710665 - .0000331 
April 34.702729 + .02829563 - .00003628 
May-June 35.490141 + .02428223 - .0000316 

Body weight Jan-Feb 52.224226 +l. 175236 - .00080427 
March 56.521293 +l .2080831 - ,.00091974 
Apri 1 74.204402 +l .0946582 - .00079719 
May-June 86.696971 +l.0577537 - .0007516 

Body length Jan-Feb 76.459021 + .3050946 - .00032215 
March 77.838808 + .3090186 - .00034619 
April 80.032741 + .29602903 - .00033559 
May-June 83.36888 + .29289452 - .00034594 

Cannon bone 
circumference Jan-Feb 12. 740104 + .02923972 - .0000303483 

March 12.907801 + .0284182 - .00002724 
April 13.015638 + .02699102 - .00002885 
May-June 13.44347 + . 02691103 - .0000284403 
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The trend for foals lJorn in late spring to be la:cger 

than early-born foals at .birt.b was noted by Hintz et a1 .. , 

( 1979) .• Many environmental factors influence pre,ilatal 

development. yet they have not .be'2n quantified.. Nutritional 

status of the dam probab.ly influences fetal development. m.ore 

tllan any other environmental factor. The possibility of 

under-nutrition of the mares cannot be considered in this 

study,. Na:nageme.n.t pra.ct.ices, nutrition, health a:nd exeI:cise 

programs varied widely amonq farms, but in general, were 

well. above average,. Sixty peI:cent of equine fetal growth 

occurs during the last 90 d of gestation {Ber9in et al • ., 

1967). This 3-mo period o,ccurH3d during wi.nter in early-

foaling mares and in early spring in late-foaling mares. 

The ;fact that horses are seasonal breeders «Kenney et al .. • 

1975) leads to 

i:n.fluence prenatal 

the su.ggest.ion 

development. 

that season; 

Furthermore., 

also_, may 

sea.son and 

stage o.f pr"egnancy lllay interact. In spite of a greater 

energy intake by the mare duri11g the :winter, the energy 

avai1ab.le for production 0.1: groiith of the fetus may .be less 

during winter than in the spring. 

The growth curves for all body measurements were 

curvilinear.. 'Ihe linear and qua.dratic regressions of serial 

body measurements on age were consista:ntly .significant (P< 

• 01; table 11)... Several investigators have reported that 
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equine growth is linea:r initially and,. subsegue11tly, is 

quadratic CWo.jciechovski, 1965; Green., 197:6; .Jordan,. 1977; 

Goyal et al.... 1961; McKeever et al.~, 1981). During t.he 

linear portion of growth of foals, .montll of birth 

inf1ueuced the rate of increase in heart girth, chest .vidt.h, 

body weight and ca,i1non bone ci.rcumfexence (P < .. QS). se:x 

differences accounted for differinq rates of increase in a11 

measurements (P < .. 03) .except: chest width and the .length from 

knee to grou.nd (P <.40)• Durinq the non ... linear portion of 

growth in :foals,. heart girth and wither h.eight ¥ere affected 

.by month of birth (P <.03 and .Q9,. respective.ly).. The 

amount of variation i.n the shape o:f the qrovth curves for 

hip heiqht, chest vid·th and ca1uion bone circumference that 

was attributed t:o month of birth approached significance 

(P «.13). The ••· 9::owth pat:terns 0£ cannon ci:ccu.afereuce, 

wither a.nd hip height. differed because o.f to sex (P<.-97 •• Q3 

and • Q4, respectively)• 

Growth carves of each of the foals JBeasureaents were 

plotted by date a,nd were separated by ·the effects of birth 

month (figures 1 to 8). Variation in .the cuves can be 

noted and related to the significant sources in the analysis 

of variance.. For instance, the s.lope of t:he :four cuJ:Yes for 

cannon bone circumference (figure 7) differed due to mont..b 

of birth as there were int.ersecting lines on the plot •. · In · 
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general, J.ater-bmi:n foals were larger initially than early-

born foals and diffa:i.r:ences in si·ze between older and. you:nger 

foals dec1>eased over time. The differences amo;n9 the heart 

girths ffigure 1) of foals born in Ja:nuary-.Feh.ruary- and 

May-June on Novem.ber 1, 1982, was la.1:qer than the difference 

observed in July of 1983. 

The length f.r:om kne·e 

(.figure 8) toward the e.nd 

This was due to several 

to ground appeared to decrease 

.of the data coll.ection period. 

factors.. The measureme.ot was 

obtained fro111 the dista.1 poi11t of the !rne'e to the groun.d. 

lts horses matured.. the knee became larger, thus the 

r,e;ference point probably varied .from one measurement period 

to the next. The accuracy of this measnremeDt would have 

been greater if the refe]:ence poin.t had been the center 

rather than the distal. point. of the knee. 

Another possible explanation for the alleged decrease 

in the length from kne,e to gr:ou.nd, is that as horses 

matured, t.he angle of t.he pastern probably decreased due to 

an increase in weight, thus caused a decrease in thee 

measured length. Plots represented th'e best fit of the 

data.. 'irtie quadratic curves have a ,maximum value tcllo"Wed 

by a curve of negative slope. 'Nierefore, U1e observed 

decrease in the plo·t of the length from knee to g.round may 

have been. partially due to the use of the quadratic 
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r.egression equation .. :r·be actual measureme1rts obtained at 

the end of the e.xpe:t:imental period ;were less ·than measure-

ments obtained at p.cevious dates, thus the decrease of the 

pastern angle was probably most responsible for the observed 

decrease. 

Points plotted at specific dates were not as accura:te 

as the least squares means which were calculated from values 

interpolated to constant ages. Thus, discussion of the 

results was based primarily on the data adjusted to constant 

ages. :Further.more, when diff er.ences between measurements 

due to birth mouth we.re not significant, the plot:ting 

procedure was not sensitive enough to accurately depict or 

parallel the values o.btained by interpolatio.n. separate 

plots for colts and fillies were drawn. boweve.r, they wei:e 

,not presented.. There were inconsisb,:ncies between th·e 

plotb1d points and the least squai:es means \Whea di.ffereDces 

between sexes were not significant. Additionally, the 

:figures we;re extremeJ.y clutte.red and d.id not add to 

interpretation o.f the grorwth patterns. 

,£om_.Ea:r,i_§.Q!L§l Jt! ]2.Q" J!~aSUE§ ,!l~d~ a! §P.S!Gi{,i£ .itil§f'? j_p 19~ 

£gaj..§ l;tQ.!.! gurj]!g iUJferen_! ,!<>n!Jii§ 

The numbers of foals for: which data were available at 

each constant age are listed (table 13}. Beans, standard 

deviat.ioDs and coefficients of variation of foal 
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TABLE 13. THE NUMBER OF 1982 FOALS THAT WERE USED AT EACH 
CONSTANT AGE TO CALCULATE LEAST SQUARES MEANS OF 
THE VARIOUS CONFORMATIOHAL COMPONEfffS. 

Age 
(days) 

30 

90 

150 

210 

270 

400 

January 
February 

22 

22 

24 

24 

24 

23 

Month of birth 

March 

25 

26 

27 

28 

28 

27 

April 

32 

44 

45 

47 

46 

43 

r-1ay 
June 

22 

30 

37 

37 

36 

32 
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,iaeasurements were calculated for each .birth month class 

(ta.b1e 14). The standard deviations of all measuremeai:s 

except predicted body weight did not chanqe with age. The 

standard deviations of body t1e.iqht increased with age for 

seve.r:al reasons. 'fhe percentage· increase in a foals' body 

weight from birth to matu:rity is greater than the percentage 

increase in size of the equine s.keletal features (Trowbridge 

and Chittendon, 1931; Cunnin~lham and :Fowler, 1961; .Heird, 

1973; Hin·tz et al., 1978).. Additionally, Trowbridge and 

Chittenden ( 1932) and Dawson et al., ( 1:945) determined that 

nutritio.na.l regimens influenced weiqht more. than skeletal 

development.. Thus, ·the increase i.n magnitude of body weight • 

combined witk the variation contributed by dietary regimens 

leads to the suggestion that the growth cu.rve tor body 

weight was variable due to farm, month of bi:rth, individu.a1 

horse differences an.d residual .effects. The coe:fficients of 

variation of all measurements decreased 11it..b age, thus 

h-0rses became more uniform in si2e than they were at bixth .. 

i'Jle same phenome.non was noted by Cunningham and 

( 196 l).. Furthermore, 

environment.al sources 

decrease ove.r ·· time .. 

as .horses grow, genetic and 

of variation t.ha·t in.flue:nce. growth, 

T«his is .because the rate of growth 

decreases with age.. rhus, the decrease.in coefficients of 

varia·tion over tiae was understandable. Another point to 



TABLE 14. LEAST SQUARES MEANS, STANDARD DEVIATIONS (S.D.) AND COEFFICIENTS OF VARIATION (C.V.) OF THE BODY 
MEASUREllENTS OF 1982 FOALS THAT WERE CALCULATED AT CONSTANT AGES. 

Body m:asurement 
Heart Chest Wither !lip Body Knee to Cannon bone 

Age calculated girth width height height length ground circumference weight 
(days) values (cm) (cm) (cm) (cm) (cm) (cm) (cm) (kg) 

30 mean 99.5 24.7 108.8 112.3 86.1 35.3 13. 7 95.9 
S.D. 4.4 1.4 3.5 3.9 3.8 1. 2 .5 12.7 
c.v. (%) 4.4 5.6 3.2 3.4 4.4 3.3 3.7 13.2 

CJ\ 
90 mean 122.0 29.6 121.8 126.5 106.4 37.8 15.4 163.7 -....! 

S.D. 4.7 1.5 3.6 4.2 4.2 1.1 .6 16.0 
c.v. (%) 3.8 5.2 2.9 3.3 4.0 3.0 3.6 9.8 

150 mean 136.2 32.7 130.8 135.5 119.4 38.9 16.6 218.2 
S.D. 4.1 1.4 3.5 4.0 4.2 1. 2 .5 16.9 
c.v. (%) 3.0 4.2 2.7 2.9 3.5 3.1 3.1 7.7 

210 mean 147.1 35.0 136. 7 141.4 127.8 39.2 17.7 269.8 
S.D. 3.7 1. 2 3.5 3.6 3.6 1. 2 . 5 19.2 
c. v. (%) 2.5 3.5 2.6 2.6 2.8 3.1 3,0 7.1 

270 mean 154.7 36.6 141.0 145.4 134.1 39.3 18.3 310. 7 
S.D. 4.1 1. 3 3.5 3.5 3.6 1.2 .6 23.6 
c.v. (%) 2.6 3.5 2.5 2.4 2.7 3.1 3.0 7.6 

400 mean 166.3 38.9 148.4 152.0 144.2 40.4 19.4 382.3 
S.D. 4.1 1.2 3.6 3.6 3.8 1.3 .6 27.2 
c.v. (%) 2.4 3.1 2.4 2.4 2.6 3.1 3.0 7.1 
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mention here is that foals, in tJae firs·t few days of life, 

althouqh they were fully capable o:f stal!dinq, ru:aning etc, 

did not necessarily exhibit :full extension of their limbs. 

In many cases, the flexor . tendons are not completely 

deve1oped at birth, thus, the angle of the metacar.po-

phalanqeal. joints is less than normal. Likewise" ·the foals 

were held as quietly as possible during the measuring 

procedure and an effort was made t.o relax the foals .. 

Hovever, when :the measuring 

them, ·they became tense., 

measure.ments may have bee:n 

placed on 

skeletal 

st:ick or .· .. tape was 

thus, some of the 

less than accurate. '!his 

phenomenon primarily ai:fec-ted the measurements adjusted to 

30 d-o:f-aqe and caused an increase in the variability in 

measurements at 30 d-of-age •. · 

Proportions with the least variability vere the 

skeletal. measures of wither and hip heig.ht. body lell·~rth, the 

distance from knee to qronnd and cannon bone circuntfereace. 

The body weight measurements became more uniform over time,, 

yet variation among predicted values was greater than.amo.ng 

the other measurements. Reed and Duns (1977) attributed the 

qreater variabil.ity in body weight as opposed to skeletal 

measures to differences in general physicalco.ndition among 

animals., Boreover, at 400 d-of-age, horses possess 56 to 

811 o:f their mature body Height whe.reas they have 86 to 

100'1> of their mature s.telefa.1 size {ta:ble 6) ... · 
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IJ:'. measurements had :been 01ht.a:ined later than Ju:ly of 

tbe yearling year, the foals probably iion.ld have become even 

more uni:form in .size. Likewise, the small decrease in the 

variability in the distance from knee to <rround thrm1g,hout 

the e:xper.imental pe:.ciod was attributed to th1e young age ~hell 

foals reach mature proportio:n in that 1paramet;c:rc (ta.ble 6),,. 

The least sguares IDea;ns o:f body measu.rem.ents, 

interpolated to constant ages were calculated (tables 15 to 

22).. At 30 and 90 d-of-age., foals horn i.n January-February 

lii'.ere the smallest .foals .. Fu.rthermore, the differences 

between body measurements of foals due to month o,f birth 

generally dissappeared by 270 d.-o:f-aqe. Foals born ill May-

June had a larger heart girth measure {7 cm) at 30 d-o.f-age 

than those horn in January-Fel:u:uary {P< ... 01 for the effect 

of birth month). At 210 d~of-age, the difference was less 

(2.1 cm; P< .09 for the effect of birth month). At 400 d-

of-age, foa.ls born in January-Feb,ruary ;were .3 cm larger at 

the girt.h tha.n foals born in May-June IP< .62 for the effa:;ct 

of birth month). From 150 to 400 d-of-age, foals born in 

MarcJh had the largest heart girth (table 15). 'ihe analysis 

of variance uti.li2:.ed to ge.nera te cu::o:wth curves o.f heart 

girth (table a 1) identified variation in heart girth due to 

the interaction of hiI:th mont.h with age (P < .. 01) and .with 

age x age (P <.03). Thus, the 111onth of birth influenced the 



TABLE 15. LEAST SQUARES MEANS OF THE HEART GIRTH MEASUREMENT (CM) OF 1982 FOALS, CALCULATED FROM DATA 
ADJUSTED TO. VARIOUS CONSTANT AGES. 

Month of birth Duncan's critical values 3 

Age Proba-1 January May 
SE2 (days) bility February March April June p=2 p=3 

30 .01 96.4a 99.0ab 100.2bc 103.4c 1.25 3.34 3.52 

90 .01 118.2a 122.8b 123.0b 123.7b 1.08 2.88 3.03 

150 .01 134.0a 137.2b 136.2b 137.0b .80 2.22 2.34 

210 .09 145.7a 148.0b 147.5ab 147.8b .70 1.96 2.06 

270 .19 155.5 156.3 154.7 154.1 .78 

400 .• 62 166.8 167.3 166.0 166.5 .83 

1Probability associated with the F~test from the analysis of variance for the main effect of birth month 
2standard error of the means averaged across birth months. 

p=4 

3.63 

3.13 

2.41 

2.12 

3 Duncan's multiple range conducted when probability 2 .10. Means in the same row with different superscripts 
were significantly different (a=.05). To conduct test, rank means in order from smallest to 1argest. "p" is 
the number of least squares means. included within the range of the comparison. To compare 2 least squares means 
that are adjacent within the array of means, use p=2. To compare 2 least squares means ranked 1 and 3 or 2 and 4, 
use p=3. To compare the smallest and largest least squares mean_s, use p=4o 

-...J 
0 



TABLE 16. LEAST SQUARES MEANS OF THE CHEST WIDTH MEASUREMENT (CH) OF 1982 FOALS, CALCULATED FROM DATA 
ADJSUTED TO VARIOUS CONSTANT AGES. 

Month of birth Duncan's critic•l values3 

Age Proba- 1 January May 
SE2 (days) bility February . March April June p=2 p=3. {P < 2 

30 .01 24.la 25.2b 25.lab 25.Jb .35 .97 1.02 

90 .01 28.8a 30.lb 29.8b 29.9b .33 .90 .95 

150 .11 32.2 33.0 32.8 32.9 .25 

210 .21 34.7 35.2 34.9 35.2 .23 

270 .12 36.4 36.9 36.6 36.9 .25 

400 .01 38.4a 38.7a 38.7a 39~7b .25 .67 .71 

1Pr0bability associated with the F-test from the analysis of variance for the main effect of birth month 
2standard error of the means averaged across birth months. 

p=4 

1.05 

.98 

• 73 

3Duncan's multiple range conducted when probability.::_ .10. Means in the same row with different superscripts 
were significantly different (a=;05). To conduct test, rank means in order from smallest to largest. "p" is 
the number of least squares means included within the range of the comparison. To compare 2 least squares means 
that are adjacent within the array of means, use p=2. To compare 2 least squares means ranked l and 3 or 2 and 4, 
use p=3. To compare the smallest and largest least squares means, use p=4. 
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TABLE 17. LEAST SQUARES MEANS OF THE WITHER HEIGHT MEASUREMENT (CM) OF 1982 FOALS, CALCULATED FROM DATA 
ADJUSTED TO VARIOUS CONSTANT AGES. 

Month of l:Hrth Duncan's ~ritical values3 

Age Proba-1 January May 
SE2 (days) bility February March April June p=2 . p=3 

(P <) 

30 .17 107.6 109.8 108.4 109.3 .90 

90 .04 120.9a 122.6b 122.4b 122.5b .75 2.07 2.18 

150 .32 130.0 131.7 130.8 130.8 .68 

210 .22 136.9 137.7 136.0 136.2 .68 

270 .63 141. 7 141. 7 140.2 140.3 •. 68 

400 .27 148.7 148.7 147.8 148.0 .73 

1Probability associated with the F-test from the analysis of variance for the main effect of birth month 
2standard error of the means averaged across birth months. 

p=4 

2.24 

3 Duncan's multiple range conducted when probability.::._ .10, Means in the same row with differeat superscripts 
were significantly different (a=.05). To conduct test, rank means in order from smallest to largest. "p" is 
the number of least squares means included within the range of the comparison. To compare 2 least squares means 
that are adjacent within the array of means, .use p=2. To compare 2 least squares means ranked 1 and 3 or 2 and 4, 
use p=3. To compare the smallest and largest least squares means, use p=4. 
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TABLE 18. LEAST SQUARES MEANS OF THE HIP HEIGHT MEASUREMENT (CM) OF 1982 FOALS, CALCULATED FROM DATA 
ADJUSTED TO CONSTANT AGES. 

Month of birth Duncan's critical values3 

Age Proba-1 January May 
SE2 (days) bility February March April June 

(P <) 
p=2 p=3 p=4 

30 .06 110.9a 113.5b 111.0ab 113.lb .80 1.97 2.08 2.14 

90 .05 124.6a 127.6b 126.7ab 127.2b .88 2.42 2.55 2.63 

150 .15 134.8 136.9 135.0 135.5 .78 

210 .03 141. 7ab 142.9b 140.7a 140.6a .70 1.96 2.06 2.12 

270 .06 146.4a 146.7a 144.5a 144.6a .68 1.88 1.98 2.04 

400 .40 152.4 152.6 151.3 151.5 .78 

1 Probability associated with the F-test from the analysis of variance for the main effect of birth month 
2 . . Standard error of the means averaged across birth months. 
3 Duncan's multiple range conducted when probability< .10. Means in the same row with different superscripts 
were significantly different {cx=.05). To conduct t;st; rank means in order from smallest to largest. "p" 
is the .number of least squares means incluued within the range of the comparison. To compare 2 least squares 
means that are adjacent within the array of means, use p=2. To compare 2 least squares means ranked l and 3 or 
2 and 4, use p=3. To compare the smallest and largest least squares means, use p=4. 
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TABLE 19. LEAST SQUARES MEANS OF THE BODY LENGTH MEASUREMENT (CM) OF 1982 FOALS, CALCULATED FROM DATA 

ADJUSTED TO CONSTANT AGES. 

Month of birth Duncan's critical values 3 

Age Proba- 1 January May 
SE2 (days) bility February March April June p;2 p;3 p;4 

p < 

30 .01 84.la 87.3b 85.5ab 87.9b .95 2.67 2.81 2.90 

90 .01 103.6a 107.4b 106.5b 108.Sb .90 2.53 2.66 2.74 

150 .01 117 .6a 120.7b 119.3ab 120.5b .85 2.35 2.48 2.56 

210 .49 128.2 128.8 127.5 127.9 .68 

270 .61 134.9 134.7 133.8 133.8 .70 

400 .66 143.9 144.8 143.9 144.4 .80 

1Probability associated with the F-test from the analysis of variance for the main effect of birth month 
2Standard error of the means averaged across birth months. 
3 Duncan's multiple range conducted when probability.::_ .10. Means in the same row with different superscripts 
were significantly different (a;.05). To conduct test, rank means in order from smallest to largest. '~"is 
the number of least squares means included within the range of the comparisons. To compare 2 least squares means 
that are adjacent within the array cf means, use p;2. To compare 2 least squares means ranked 1 and 3 or 2 and 4, 
use p;3. To compare the smallest and largest least squares means, use p;4. 
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TABLE 20. LEAST SQUARES MEANS OF THE KNEE TO GROUND MEASUREHENT (CM) OF 1982 FOALS, CALCULATED FROM 
DATA ADJUSTED TO CONSTANT AGES. 

Month of birth Duncan's critical values3 

Age Proba- 1 January !fay 
SE2 (days) bility February !latch April June p=2 p=3 p=4 

(P <) 

30 .03 34.7a 35.5ab 35.3ab 35.8b .30 .85 .89 .92 

90 .01 37 .oa 38.lb 37.9b 38.0b .23 .62 .65 .67 

150 .68 38.7 39.1 :rn.9 38.9 .25 

210 .20 39.3 39.6 39.2 38.9 .23 

270 .22 39.7 39.6 39.2 39.2 .20 

400 .42 40.6 40.4 40.1 40.1 .28 

1 Probability associated with the F-test from the analysis of variance for the main effect of birth month. 
2standard error of the means averaged across birth months. 
3Duncan's multiple range conducted when probability < .10. Means in the same row with different superscripts 
were significantly different (a=. 05). To conduct test, rank means in order from smallest to largest. "p" is 
the number of least squares means included within the range of the comparisons. To compare 2 least squares means 
that are adjacent within the array of means, use p=2. To compare 2 least squares means ranked 1 and 3 or 2 and 4, 
use p=3. To compare the smallest and largest least squares means, use p=4. 
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TABLE 21. LEAST SQUARES MEANS OF THE CANNON BONE CIRCUMFERENCE MEASURill1ENTS (CM) OF 1982 FOALS, CALCULATED 

FROM DATA ADJUSTED TO CONSTANT AGES. 

Month of birth Duncan's critical values 3 

Age Proba-1 January May 
SE 2 (days) bility February March April June p=2 p=3 p=4 

p < 

30 .03 13.5a 13.8ab 13.6a 13.9b .1 .28 .30 .31 

90 .10 15.2a 15.4ab 15.4ab 15.6b .1 .28 .30 .31 

150 .42 16.6 16.6 16.5 16.7 .1 

210 .87 17.8 17.7 17.6 17.7 .1 

270 .02 18.6a 18.5ab 18.2c 18o2bc .1 .28 .30 .31 

400 .30 19.3 19.4 19.5 19.6 .1 

1 Probability associated with the F-test from the analysis of variance for the main effect of birth month. 
2 Standard error of the means averaged across birth months. 
3 . 
Duncan's multiple range conducted when probability.::_ .10. Means in the same row with different superscripts 
were significantly different (a=,05). To conduct test,. rank means in orde.r from smallest to largest. "p" is 
the number of least squares means included within the range of comparisons. To compare 2 least squares means 
that are adjacent within the array of means, use p=2. To compare 2 least squares means ranked 1 and 3 or 2 and 4, 
use p=3. To compare the smallest and largest least squares means, use p=4. 
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TABLE 22. LEAST SQUARES MEANS OF THE BODY WEIGHT HEASURE!IENTS (KG) OF 1982 FOALS, CALCULATED FROM DATA 

ADJUSTED TO CONSTANT AGES 

Month of birth Duncan's critical values 3 

Age Proba-1 January May 
SE2 (days) bility February March April June p=2 p=3 p=4 

p < 

30 .01 88.la 95.7ab 98.9b, 109.9c 3.2 8.92 9.39 9.68 

90 .01 152.7a 168.4b 166.0b 166.0b 3.4 9.48 9.98 10.29 

150 .06 211. 5a 223.lb 216.8ab 219.3ab 3.4 9.42 9.92 10.22 

210 .09 262.7a 174.4b 271.0ab 273.0ab 3.8 10.52 11.08 11.41 

270 '.18 315.9 319.8 310.1 307.1 4.7 

400 .43 386.7 391.5 380 •. 4 384.7 5.7 

1 Probability associated with the F-test from the analysis of variance for the main effect of birth month. 
2 Standard error of the means averaged across birth months. 
3 Duncan's multiple range conducted wehn probability < .10. Means in the same row with different superscritps 
were significantly different (a=.05). To conduct test, rank means in order from smallest to largest. "p" is 
the number of least squares means included within the range of comparisons. - To compare 2 least squares means 
that are adjacent within the array of means, use p=2. To compare 2 least squares means ranked 1 and 3 or 2 and 4, 
use p=3. To compare the smallest and largest least squares means, use p=4. 

........ 

........ 
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rate of increase of' heart girth and the shape of the. growth 

curve for heart gLc:th. 'the age a·t which the di:f.ferences 

occurred were el,ucidated by the use of l.east sguares 

analysis of variance. 

The differences among the chest widths of foals born in 

January-:reb.ruary and those born from March to June ranged 

f.rom 1 .to. 1.3 cm t.hrongh 90 d...,of-age (P< .01 fot the effect 

of b.irth month) • Differences du·e to birth montb were. not 

observed at: 150, 210 or 270 d-of age._ However, a~· 400 d-of-

a9e, ·the chest .of foals born il.l May-June was L to 1-l cm 

.wider.than that of all other foals (P< .01 for the effect of 

birth month; table 16) .. 

Differences in withez: height due to mon'th of birth were 

observed at 90 d-of-age only. Foals bo,rn fr.cut March to June 

were an ··average 1 .. 4 cm ta.Iler .· than feal.s born in· January-

.February U?< • 04) • .foals barn in !!arch were the tallest 

foals at each of the co11sta.nt ages (table 17) .;, 1 

At 30 and 90 d-of-age, .foals born in Hay-Juae Jilere 2. 2 

and 2. ~ ca taller at the hip,. :respectively, than foals born 

in January-February (P< .Q6; P< .06).. However, the hip 

height of foals born in March throuqh June did not differ a't 

these ages. , Differences amo.n9 h.ip heiqllts of foals born 

·during dif.ferent months were negligible hJ 400 d~of-age (P< 

.40). !'oal.s .bo1:.n in !arch were consistantly tallest at the 

hip (table 18}. 



·. 79 

Foals born in ~ay-June were 3.8 cm and 2.~ ca ·.l.oDge:r at 

30 and 150 d-of-a9e, respective.ly, than foal.s horn ia 

January-February (P< .. Q1) .• Differences ic11 body le.ngth due 

to month of birth were not observed after 150 d".'"".of-age 

(table 18). Foals born in May-June possessed 1.1 cm more 
( 

lengt.h :from knee to ground at 30 and 90 d .... of-age, tban did 

foals horn in January-February (J?< .03; P< :.()1 for : the 

ef.fect of birth .month; tab.le 2-0).,; .· D.i.fferences i.n cannoJJ 

bone circumference dlle to month of birU1 were observed at 

30, 90 and 470 d--of-age (P< .D3, .10 and .02, respectively) ... 

f'he largest difference detected •as .4 ca; at 30 and 90 d-

of-age, foals .born in May-June foals had a larger ca11non 

bone circumference than foals born in .January-February. 

However, the d,ifference uas reversed at 210 d'.'"':of-age (table 

21).' 

Differences in body ;weight dGe t.o mon·th o:t birtb were 

evident from 30 to 210 d'"'"'.Of-a9e. Foals born in Hay-June 

were 21.8 kq heavier than foals born in .January-.February at 

30 d-of-aqe and weighed HL.l kg more at 210 d-of-age. From 

90 to 400 d-of-age, :foals born in March Wel:"e tlle heavies~ 

foals (table 22). Body weight vas calcu1ated from the heart 

girth measurement, thus it was not on.usual that the 

differences :in heart girth a.nd body :weight due to month of 

birth were siailar. 
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Beyond -t.h€ consistently smaLb:!r si.ze of earJ.y-.born 

foals at 30 and 90 d-of-age, there were no trends noted when 

comparing measucements 0£ foals by mont.h o_f birth or by age. 

Foals born in March tended to be the largest .foals more 

o.ften than foals born at anv other ti.me,. The diff e:re.nces 

due to birth mo.nth, that we.re 

that dissappeared from 210 to 

observed at earlier ages and 

400 d-o;f-age, leads to the 

suggestion that foals horn in May-June exhibited more rapid 

growth in all conformationa.l components, from bi:rth t.o 210 

d·-of-age, than did early-born foals.. It has already been 

proposed that foals born in May-June were larger at birth 

than early-born foals {in refereiice to -th-e intercepts 

obtained from the regression eguatio.ns).. Foals horn in 

late spring and early summer may .have bee.n exposed to more 

opti.mal environ.mental conditions from birth to 90 d-of-age 

tl1an were early-horn foals. Influences th.at ·were 

potentially 1110De optimal for: q.roilth included higher 

higher pasture quality and quality a.nd {or) 

greater quantity Gibbs et al.* (1979) reported that mares 

foaling in ~ay had a higher average daily milk yeild than 

mares that foaled in March or April (P< .. 05). 

The effect of stress caused by weaning was not 

guantified in this study. iea;ning age ranged from 95 to 185 

d-of-aqe and was not co;nsistant within a birth month or 
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within a farm.. . However, weaning date Vas fairly consista:nt. 

within a fa.rm. Possib.ly, the 9ro11th .of foals t.hat were 

;weaned a·t ea:r.lier ages, was .facilitat:ed as the foals were 

removed .·from mares• milk du.ring the second 3 mo of 

.lactation.. · llllrey ·et al., f1966) a.nil Gibbs et al., { 1979) · 

reported that the nutritiona.l quality and quantity of .lllilk . 

declined af.ter 2 to 3 mo postpartum. Thus, the foals born 

.lat.er .in t.he spri119 and weaned when they were .roung~r. than 

their contempories, d.id not depend on the lower quality 

source of nutrition for as 10.119 a period of time as did the 

early-born £oa1s. 

J'i~ ' .E£i~i!!l9~-of - aaximn:m, §ill ·. At •' §£~~ifi.§ m .§ges i.!! l;J~~ m 

tP:f!le ·~ -11.U:i!HI i!i~i. er§!!$ mgn,ths .. 

A.no'ther way to interpret the data is in terms of 

percentage maturity attained ~t ' various aqes. Differences 

in body size due to month of birth vere not significant at 

1,1.;00 d-of-age except for chest width.. Thus, al.l measures at · 

400 d-of-aqe were designated as 1001 of lllaximum size in 

order to esta.blish a reference point (table 23) •. · . Trends 

simi.J.ar to those observed with the least sqaares means of 

measurements at specific ages were noted •. · At 30 and 90 d-

0£-age, .foals born in May-June possessed t to 61 more of 

their maximum size than did foals born in January~February. 

BJ 210 d-o.f-age, there were essential.lJ no differellces ill 
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TABLE 23. THE PERCENTAGE OF MAXIMUM SIZE (SIZE AT 400 DAYS-OF-AGE = 
MAXIMUM SIZE) OF CONFORMATIONAL COMPONENTS OF 1982 FOALS, 
CALCULATED AT VARIOUS CONSTANT AGES. 

Month of birth 
Body measure Age January March April May 

(days) February June 

Heart girth 30 58 59 60 62 
90 71 73 74 74 

150 80 82 82 82 
210 87 88 89 89 
270 93 93 93 93 
340 97 97 97 97 

Chest· width 30 63 65 65 65 
90 75 78 77 77 

150 84 85 85 85 
210 90 91 90 91 
270 95 95 95 95 
340 99 99 97 98 

Wither height 30 72 74 73 74 
90 81 82 83 83 

150 87 89 88 88 
210 92 93 92 92 
270 95 95 95 95 
340 98 98 98 98 

Hip height. 30 73 74 74 74 
90 82 84 84 84 

150 88 90 89 89 
210 93 94 93 93 
270 96 96 96 95 
340 98 98 98 98 

Body length 30 58 60 59 61 
90. 72 74 74 75 

150 82 83 83 84 
210 89 89 89 89 
270 96 96 96 95 
340 97 97 96 97 

Knee to 
ground 30 85 88 88 89 

90 91 94 95 95 
150 95 97 97 97 
210 97 98 98 97 
270 98 98 98 98 
340 99 99 100 99 

Cannon bone 
circumference 30 70 72 70 71 

90 79 79 79 80 
150 86 86 85 85 
210 92 91 90 90 
270 96 95 93 93 
340 98 97 96 97 

Body weight 30 23 24 26 29 
90 39" 43 44 43 

150 55 57 57 57 
210 68 70 71 71 
270 82 82 82 80 
340 93 92 91. 90 
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percentaqe o'f maximum size across aJ .. 1 measui:eme.nts due to 

month of birth. Thus, the fcals born later in the spring 

were large.t: initially and exhibited a period o.f growth that 

was more rapid than growth displ.ayed .by foals horn .in 

January-February. 

The values calculated for perc-e.nt:age of maxi.mum .body 

size (table 23) were inflated compared to pe:t:centa9es 

reported in table 6. Horses reach their mature proporti<HlS 

after 400 d-of-age (table 6),, thus, si.ze at 400 d-of-age was 

not equivalent to 1001 of mature size. However. the 

relative differences between percellta9es at specific ages 

reflected relative growth rates at the various points of 

measure. Foals possessed a greate:r proportion of the 

maximum length from knee to ground (average of 881) and less 

body weight (average 0£ 241) 

proportion of any other measure ... 

13 to 74;; 0£ .maximum size at 30 

at 30 d-of-age 

Wit.her and hip 

d-of-aqe and 

than the 

.height were 

can110.n bone 

circumference was approximately 711 of maximum si:ze .. 

ii.l·thoug h tlH:! percentages obtained in t.bis study were 

inflated in comparison to the valwes in table 6, the :ranking 

of percentage .maturity of body measures paralleled the 

results obtained by Trowbridge and Cbittendon (1932), 

Cunningham and Fowler (1961), Heird (1973) and Hintz et a1., 

(1978) .. 
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Skeletal growth, e.xpressed in ter.rns of the relative 

increase from .birth to 400 d-of-age, was 

b1crease in body mass.. La!iirence ( 1980) 

body increases as the cube of 

less than the 

stated that t.he 

its length. ID 

other words., if the skeleton increased in size in proportion 

to the .body w.ithout altering its shape, the cross-section of 

the bones woul.d o:nly be squared.. Eventually, the bones 

;would be crushed by the :mass they needed to suppoi:t. In 

light of the fac·t that linear skeletal gr>o•th Mas less than 

the increase in body mass, it can be suggested that mo.st of 

tile skeletal growth :from birU.1 to maturity involved a.n 

increase in the calci:ficat:ion of hone, the .strength and 

diameter of bone, rather than an increase in le.ngth. 

Previous researchers stated that the percentage of 

mature chest width ft"om 6 to 8 mo-of-age was less than the 

percentage of mature skeletal measures during this period 

(table 6).. In the current study, the .percentages of maximum 

chest wid,th were greater tha.n the percentages· of body 

1.engt.h. Hoiieve;c, there i!lere differences in chest width 

measu.r:em.ents at 400 a~of-age due to month of birth. Actual 

maturinq rates of horses and aqe at which. proportions were 

mature were not available in this study due to the 

.limitations of the data .. 
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Cerrelatiecns, at, vai:iou.i:::- · ane,:::: between- boil~- measures _in, 1982 ··· 
,.,.~. ·- ---·~ .~. ---- .~.-..... ... -' 

··· f~als.; . .,,. 

The relationships between ,growth in ··specific 

mea.surements were determined (table 24). Heart girth was 

highly correlated with body weight (r= .. 76 to -~9) .. ;This was 

not unexpected because body weight. was calculated .. from-the 

heart girth measurement... From 30 to 400 d~of-aqe, 3 t . to 62! 

of the variation in heart girth was associated with 

variation in chest width, wither and bip height and body 

1e:agth. The re1ationships decreased with age .. _.·.·Thus, 9rm1th 

rates were asynchronous at the varioas point:.s of measure•. 

Ch·est width was most co:nsistantly related to body ·weight 

over time ir = • 62 to .. 74). Both aeasares are a fu.nction of 

skeletal as well as ,muscular developaent, :whereas, muscular 

development does not extensively iD.fluence wither and hip 

height or body length. Fuxthermore, the rate at which 

horses reached mature body Meight and chest w.idth was slower 

than the m.ab:u:ing rates in skeletal measures (CoaBingbam and 

Fowl.er., 1961; table 6). Thus, although 'the correlations 

between chest width and wither beiqht i hip height and .body 

le.ngth were rel.a ti vely high at birth, the :fact that they 

decreased over ti.me was not unexpected •.. 

Hither height and hip .he:iqat were highly a11d 

consistant1y related from 30 to 400 ii-of-age (r=.94to .90J.: 
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TABLE 24. CORRELATIONS BETWEEN MEASUREMENTS AT VARIOUS CONSTANT DAYS-OF-AGE FOR 1982 FOALS.~ 

Body measurement 

Body Ag.e Chest Wither Hip Body Knee to Cannon •bone Body 
measurement (days) width height height length ground circumference weight 

Heart girth 30 • 79 • 73 • 73 • 77 • 45 .67 . 76 
90 .77 .73 • 76 • 74 • 53 .68 • 97 

150 • 74 .66 .68 • 70 .51 .66 • 97 
210 .64 .65 .60 .63 .40 • 70 . 99 
270 .65 .59 .62 .56 • 38 .69 .99 
400 .66 .57 .56 .58 .45 .63 • 99 

Chest width 30 .71 • 71 • 72 .36 • 67 ;68 
90 .70 . 71 .67 .57 .69 . 74 

150 .63 .63 .65 .49 .67 • 72 
·210 .48 . 49 .59 .37 .50 .62 
270 . 52 .52 .55 .44 • 52 • 65 
400 .SJ .54 .50 .56 .62 .67 

Wither height 30 .94 .73 .62 • 67 • 55 
90 .93 .73 • 78 • 65 • 70 

150 • 92 .63 .81 • 62 .62 
210 .92 .68 • 78 • 61 • 64 
270 .92 .68 .80 .56 .59 
400 .90 .65 • 79 • 67 .• 57 

Hip height 30 .71 .65 .65 • 56 
90 • 75 • 77 . 64 • 72 

150 . 70 • 79 • 59 • 64 
210 • 70 .80 .55 .58 
270 • 71 .77 .53 . 61 
400 • 66 • 76 .51 . 57 

Body length 30 .40 • 63 .57 
90 .55 • 71 • 71 

150 .55 .61 .68 
210 .51 .58 . 61 
270 .55 .56 . 56 
400 .54 .55 .58 

Knee to 30 .42 .27 
ground 90 .48 .50 

150 • 47 .46 
210 .47 • 39 
270 • 42 • 38 
400 .59 .47 

Cannon bone 30 • 64 
circumference 90 • 69 

150 . 66 
210 .69 
270 • 69 
400 • 63 

1All correlati~ns were significant, p ,SOOOL 
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The slight decrease over time can be explained bJ t:.b:e fact 

that durinq growth, hip .height was generally greater t.han 

wither height.- However; duri-11q the yearling yea:x:, tae 

dif.ference between the two measurements decreased as horses 

became sore level over the topline. The relationship 

between wither height and body length 9ro1i1th was fairly 

high, ranging from 40 to 53S(r2). 

'Tlae correlation betw,een wither height and the distance 

from knee to ground increased ,from .62 at 30 d-of-age to ., 79 

at 400 d-of.,;.aqe. Because foals possess a high degree of 

maturity in the lenqU1 from Aaee to ground at birth, and as 

t..he lenqth .from J:tnee to ground contributes to witber height, 

the i.ncreasing rela·tion ·. betwsen. the two measures was 

understandable. 

The correla·tions bet.lWeea hip .height and body length or 

between hip height. and the distance from knee to q:ronnd were 

similar to t..Jaose for wit:ber he.ight and the two measurements. 

'The re.lationship between cannon 

of the measurements remained 

bone circumf er.ence and most 

fairly stable ovex . · ti.me. 

,AppacentlJ, 

tlae rest'of 

diameter and 

bon·e 9:rowth i,nberently paral.leled t.he g.ro111t.b of 

the body: the columE of bone increased . in .. 

presumably in str·ength in order to suppprt a 

larger f.l:ame and weight. The corre1a~ions between bo·ne size 

and skeletal measures were not as high as t.bose reported by· 
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Cunningham and .Fowler {1961) or Heird (1913) (table 8). 

Howeve£, the relationships in this study were gxeater than· 

t.be val.ues reported by Bintz et al.., (1978) .. 

D~f~~rs1u;e2-in- ~:.Qt- J.2!l~-.S.:9;l!£· gd-f~ii,ilie~ At variou§-

_,g,.ges .. 

~he . va1ues of a11 iH>dy measures intei:polated to each 

constant age were grouped .by sex uithin a hi.cth month. 

Numbers of colts and fil.lies itithin ·. each birth mo.nth are 

listed in ·tall.le 25. Table 26 includes the .llleans .for colts 

and fi.llies when the main effect of se.x at a specific age 

was significant. (P.5 • H.. 'lhere were no significaat birth 

mont.h x sex in·teractions, therefore, di££ere.nces bet11een 

sexes across birth months were exa.udned. , Colts uere 

uniformly larger than fillies when sex di.ffereaces existed 

(P~-1).. Co1ts had an average .62 cm greater width through 

·the caest, 1. 72 cm .greater body length and 14. $2 kg grea:ter 

body weight than fillies from 210 to 400 d-.:of-age. The 

cannon bone circumference of colts 

d~of-aqe, was an average .. ~6 cm 

fillies. 

measured from 150 :to 400 

9reater than that of 

The .fir.st significant di:ff erences .bet.ween body 

measurements of colts and fillies occurred at 150 d-of-age •. · 

Cunningham and Fowler (1961) /1 iojciecho:wski (1965) and Gree.a 

( 1969) reported that males and females grew u.nifo:rmly from 



TABLE 25. THE NUMBER OF 1982 COLTS AND FILLIES THAT WERE BORN IN THE VARIOUS MONTHS AND THAT WERE INCLUDED 
IN THE LEAST SQUARES MEANS OF CONFORMATIONAL COMPONENTS, DETERMINED AT VARIOUS CONSTANT AGES. 

Month of birth 
January May 
February March April June 

Age 
(days) Fillies Colts Fillies Colts Fillies Colts ·Fillies Colts 

00 

30 14 8 13 12 13 19 14 8 
\..:) 

90 14 8 14 12 18 26 16 14 

150 15 9 15 12 19 26 20 17 

210 9 15 14 14 27 20 18 19 

270 9 15 13 15 27 19 17 19 

400 9 14 12 15 25 18 14 18 



TABLE 26. LEAST SQUARES lfEANS OF THE CONFORMATIONAL COMPONENTS OF 1982 COLTS AND FILLIES, 
. 1 

CALCULATED FROH bATA ADJUSTED TO VARIOUS CONSTANT AGES •. 

Least squares means Difference SE3 
between the 

Body Age Proba-2 measures of 
~asurements (days) bility Colts Fillies colts - Colts Fillies (P <) 

Chest width 210 .03 35.3 34.73 .57 .18 .15 
(cm) 270 .01 37.15 36.3 .85 .19 .15 

400 .02 39.0 38.55 .45 .20 ;15 

Body length 210 .07 128~88 127.35 1.53 .52 .48 
(cm) 270 .07 135.18 133.5 1.68 .52 .48 

4.00 .02 145.28 143.23 2.05 .59 .50 
Cannon bone 150 .02 16.75 16.45 .30 .21 .16 circumference 210 .01 17.89 17.58 .31 .25 .16 (cm) 270 .01 18.58 lR.18 .• 40 .25 .16 

400 .01 19.68 - 19.25 .43 .09 •. 10 

Body weight 210 .01 275.43 265.13 l'0.30 2.8 2.5 
270 .01 321.55 304.88 16.67 3.4 3.1 
400 .01 394.58 377.08 17.50 4.2 3.7 

1Table includes differences between colts and fillies when the probability associated with the F~test 
for the main effect of sex < .10. 

2 -
Probability associated with the F-te.st for the main effect of sex 

3standard error of the means averaged across birth months. 

\0 
0 
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birth to 12 mo-of-age. .In contrast. Beed and Dune 41917) 

reported -that males' ga.ined faster and- possessed a greater 

wither height, hip height, body length and body weight than 

did females up to 12 m<r-of-age. Likewise. Heird ( 19.73) a11d 

H.iBtz Ert al., {1978) stated that colts vere generally larger 

than fillies from birth to maturity. Se•eral·researchers 

have observed that mature femalces uere lollger ;. than mature 

males (Cunningham and Fowler, 1961; Heird, Bn3; iilloughliy,. 

1975; Reed and Dunn. 1977). The current data did .not 

necessarily con£lict w.i-th prev~ious iia ta as it was not 

obtained 'through the age when horses reach t:hei.r mature body 

len9-t:b .. 

Sex differences in size and the physiologica.l basis for 

suc.h di.f:ferences have been widely researched.. Joubert 

( 1956) at·tributed differences in the size of eves and rams 

·t-o a qr-eater number of muscle cells ia males which is 

dete·rmined two-thirds of the way through p£enatal 

development. .In the current s-tudy, the observed differences 

in body mass were attributed to a presumably great.er mass 

and number o:f muscle cells in males than in females .. _ 

lil.son et; al., (1980) reported that during t:he initial. 

part. of gestation, .the development of male and fe.ma.le 

embryos was identical. .After - the differentiation·- of the 

gonads, the male phenotype could occur. The two secretions 
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of the fetal testis, Huller.iaJl re9ressio11 factor and t:estos-

terone, were .required .. for the expression of the male 

phenotype.. The absence of 9onada.l sex di:ffere1rtiation 

resu.lted in the phenot.y.pic female. They made the comaent 

t.hal: the molecular mecha11isms bJ which bormo.nes act du.ring 

fetal development appear t-o be the same as those operative 

i11•t.he postnatal state. 

'The age at. puberty also contributes to differe.aces in 

size due to sex. At puberty; 'the.re is a 0 spurt 0 of gi:oiit.h 

w.hich is followed by a virtual cessati;oD of gro·wth.. The 

timing of the peak velocity in 9rowth differs between males 

aad f.emales (Lawrence, 1980) •. · Tanner .et al.. (1916) noted 

that. in humans; boys reached their peak height · .. velocity 

approximately 2 yr late.r than.· girls. thus,, they had .more 

time to grow prior to i:he pubertal growth phase. Bo:ys grew 

an averaqe of 28 cm in height between the beginning and the 

end of the pubert.al g.ro.wth spurt. However, girls increased 

t.heir height during this period by 25 c.m. Thus, SOS of the 

dif.ference in height between mature males and females •as 

attributed to the delayed onset of puberty in ma.les, 1ddle 

20.$ was ac~ounted for by a great.er .magnitude o.:f increase. 

Tanner (1962) found :no evid.ence of a pea.It growth spurt 

in ,animals, comparable with the pea.k .b.eiqht . spurt; of man. 

However, the time-frame fo:c studying such changes in.1 
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animals, is less than that in people, thus, the changes are 

probably less noticable. 

Puberty in colts and fillies occu.r:s .between 11 and 15 

mo-of-age (Evans, 1981) ,, Holte Ver, complete closure .of the 

epiphyses of l·ong .bones in horses is not co.mplete until 36 

mo-of-age (tab.le 9). Additionally, sex differences in 

height :we:re not observed at any age in this study. It is 

suggested that differences would have been deb~~cted had 

measurements been obtained later than July in the yearling 

yea.r.. Moreov·er, the age at puberty, quoted by Evans (1981), 

is probably the age when puberty he9ias rather than the age 

of complete sexual maturation in horses. 

Short (1980} wrote that any somatic characteristics by 

which mal.es and females differ, are determined by sex 

hormones rather than sex-cl1.romosomes. !he sex specific 

chromosome or t.h·e Y du::omosome codes :for: the presence o.f the 

male gonad. The majority of sexual dimorphisms in mall!mals 

are a result of testicular androqen secretion, and a 

mi.no.r:i·ty, the result c.f ova.ria.n estrogen seci:etio.n. 

Estrogens are involved in stimulating bone growt.h during 

childhood and initiating the peak height spurt in humans. 

:The stimulation of long bone growth by estroge~n was 

demonstrated by Rosenf i'eld and Fang (1974) • They treated a 

group of 'iurner' s .syndrome qirls with minathl.y injections of 
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1 to 2 mg estradiol cyc.lope.ntyl propianate in oil for 12 to 

17 mo.. During the treatment period, they o,b,se:rved 

significant increases in li;near bone qro-wth and maturation 

as well as some degree of epiphyseal fusion. 

Many .factors (:U:e ;related to the asynchronous occurance 

of puberty in mal€S and fe.males. :Ihe ovaries of girls 

started to- secrete signi.ficantly more estrogen than the 

testes of boys at 9 to 10 yr-of-a9e.. 'l'.he rising e,strogen 

secret.ion initially stimulated long bone growth, followed bf 

epiphys,eal fusion and a cessation of qrowth CBrown et al .. , 

1978). On the other hand, the first pubertal event in boys 

was the en.larqement of the t€stes and scrotum (Slloi:t, 1980).,. 

Testes e1ilarqement preceeded any significant increase in 

per.iphera.l blood tes,tosterone levels, thus, the rapid 

increase in lteiqht tha:t occurs during puberty was delayed 

(Hinter and Pairoan, 1972) .. Cessation of bone grolllth 

occurred when bl.ood '.testosterone concentrations were 

equivalent to those in adult men-· Short { 1980) concluded 

that cessation of long bone growth at puberty occurred 

earlier in females than in males because bone is more 

sensi t.i ve to 

estrogen than 

the stimulatory and :inhibitory 

of testosterone.. Fletcher and 

actions of 

Short (1974) 

.reported that 1 ug of estradiol was as effective as 1 .mg of 

testosterone in producing c,hanges i11 the antlers of red 

deer .. 
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lh~ §f!§£! Q! J!!ar.s: il9~ ill! !~~ siz~ of J,281 i:Qal§. 

_The effect of mare age on foal growth was investigated 

primarily because of previous inconclusive reports tha-t 

exam_ined the effect tJordao aJ1d DeCamargo, 1950; Hintz et 

al., 1978; acKeever et al., 1981}. Body measureaents, 

adjusted to co11.sta:nt ages, were analyzed in order to 

determine if there were specific ages ~hen mare age had· more 

of an influeace on size than at other ages. :there were no 

significant interactions between month of birth a,nd mare age 

for any of the measu_rements. Differences i:n body length due 

to mare age were observed from 30 to 270 d-of-age (P< .01 to 

.07; table 27). Mare aqe contributed variation to the 

measurements of wither h,eight (P< ,..08) , heart girth fP< .06) 

and :body weiq.ht (P< .05) at 9-0 d-of-age,. In all cases where 

there were significant differences due to mare age, mares 

o.lder than al yr haii the largest .foals. Their .foals were 

2.4 to 3.8 cm longer than foals of mares 4 to 7 yr cld and 

were 1.4 to 2.6 cm longer tha.n foals of mares 8 to 11 yr-of-

age. The oldest mares had foals that were 2.8 ±.70 cm 

taller. 3.6 ± .. 90 cm larger a,cound the heart girth and that 

weighed 11.8 ± 3.1 k~ more than the foals of the youngest 

mares.. Additionally, they were .. 3 cm taller at the withers, 

possessed 1.5 cm more heart girth and 6.1 Jcg more wei<lht 

than foals from 8 t.o 11 yr-old mares. 



TABLE 27. THE EFFECT OF MARE AGE ON THE BODY MEASUREMENTS OF 1982 FOALS AT VARIOUS CONSTANT AGES 1• 

Age(years) of mares 

Body Measurement Age(days) Probability 2 12-2S 8-11 4-7 SE3 
(P <) 

Body length (cm) 30 .OS 87.1 8S.l 84.1 1.00 

90 .01 108.3 lOS.7 104.S .90 

lSO .01 121. 3 119.2 117.9 • 77 \() 
CJ'\ 

210 .03 129.3 127.9 126.S .63 

270 .07 13S.3 133.9 132.9 .67 

Wither height (cm) 90 .08 122.7 122.4 119.9 .70 

Heart girth (cm) 90 .06 123.3 121.8 119. 7 .90 

Body weight (kg) 90 .OS 168.3 162.2 1S6.S 3.10 

1 Least squares means of body measurements were included only when the probability associated with the 
F-test for the main effect of mare age was .::_ .10. 

2 Probability associated with the F-test for the main effect of mare age 
3standard error of the means averaged across mare age groups. 
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T:he current observations were not .in agreement vith 

those of Hintz et a.l. 11 ( 1979) • They reported that ma.res 

which Mere 1 to 11 yr-of-age had the largest foals fro:m 

birth to .510 d-of-aqe.. They had more heiq.bt at the withecs, 

cannon bone circumference and body weiqlrt when compared to 

other foals at constant ages. 

Differences up to 150 d-o:f-aqe could have been due 

partially to natural m.i.l.ki.ng ability of the mares or the 

maternal influence on the qi:oirth of foals. However, it is 

unlikely that ·the older ma.res consistantly produced the 

highest quality and(or) greatest quantity of milk. Gibbs et 

a.1., f 1979) noted that mares that .had nursed either 2, 5 or 

6 previous foals had g.ceater mean daily mi.lk yeilds than 

ma.res that had O, 1 or 7 previous lactations.. A correlation 

between milt production and foal size was not reported. 

Parity was .not accounted for in this S'tudy. However, it 

could .have influenced the size of t:hie foals. Another 

exp.lanation could he that olde.r mares may have pr-0duced 

f oa.ls with a genetic potential to he larger t.ban their 

contempoi:aries. In 0U1er words, t:he older mares may have 

been a select group o.f mares that possessed that abiity to 

produce larger foals than the younger mares. However, the 

distribution of larqe and small mares was fairly even across 

all aqes of mares. T.hus, if they possessed the genetic 
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ability, it was not expressed in their phenotfpe. 

Ftu:thermore, significant dif:ferences in -- foal size were not 

observed <oft.en ·elHH19h to re.ly on this explanation .. 

£9.D1RSJ;iso1u~ of bog,I ---~~~~- ojt~i,ny- .!!!. -JanuarJ' and -

JU!l.l----- !!!-- !.~-.I~:!J.i:Y.S- Es£-· !e · :Jill·-:!g.s~§. -.!lg~ __ ,_- gur,jc:Jl.! -

Hintz et al., (1978) stated that foals born in April, 

May and June were taller, hea vi.er and had greater cannon 

hone circumferences than foals born in Janaary, Feh:rua:,:c_J or 

March ~he,n compared at co:m..man ages from birth -to 510 d-of-

aqe. __ Furthermore, vhen foals were compared at two commoa 

dates, the grea·ter size of early-born foals, due to age, 

decreased over time. Foa.ls in .the current st:udy, born late 

.in the spring, wei:e larger at birth and exhibited a more 

rapid initial growth rate than· did early-horn foals. __ _ 

Bmtever; the differences in si.ze between foals, due to month. 

o.f .birth, did :not persist to 400 d-of-age. Therefore,. 

m,easurement:s of foals born at various times were compared at: 

two common dates. The third week in Januarf and :July of t:he 

yearl.inq year were chosen as they were the two .most 

divergent dates at which actual measurements (Vs values 

adjusted to a common date} were obtained on each of the 

foals. July also .marked the end of the data- col.lection 

period. ,, Subsequent to that date, most of the yearlinqs were 

sold. 
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There vere significant differences in 

measurements obtained in January due to mo.nth 

all body 

of birth (P< 

.. O 1; table 28). .Foals born in January-Feb.ruary were 

consistantly larger than foals born in April, May and June 

(P< .. 05). Di.fferences between foals born in Jannary-

Februacy vs ·those born in March were significant fer .body 

length (2.8 cm), cannon bone circumference {.4 cm) and body 

weight (19. 3 kg). Foals bor.11 in April bad larger 

measurements o.f heart qirth (3. 0 cm) , body length (2. 8 cm) 

and body weight (17.0 kg) than did £oals born in May-June. 

Although specific differences between measiu:es due to month 

of birth iiere obse.rved 1 the.re lfas a tendency for foals born 

in January, February and March to b·e si.milar in size and for 

£oals born in April, May and June to have the same 

proportions .. 

In July of the yearling year, there were no differences 

in thE length £roru knee to ground (P< .12) or ca.nncn bone 

circumference (P<.19) due to month o.f birth. The l.€n9th 

f.r:om .knee to ground was 96 to 100% of mature size hy 12 mo-

of-aqe (Cunningham and Fowler, 1961; Beed and Dunn, 1977; 

table .6). There:fore, di.fferences were not expected in this 

measurement in July. Likewise, foals had 91 ta 941 of their 

mature cannon bone circumference at 12 1110'.""of-age {Cu1rningham 

and Fowler, 1961). Due to the maturity of the horses and 



TABLE 28. LEAST SQUARES MEANS OF TUE CONFORMATIONAL CO!fPONENTS OF 1982 FOALS, CALCULATED FROM MEASUREMENTS 

OBTAINED IN JANUARY AND JULY OF THEIR YEARLING YEAR. 

Month of birth 

Tukey's 
Proba-1 January May 

SE2 
c ritical3 

Body measurement Date bility February March April June values 
(P < 

Heart girth Jan .01 163.4a 160.4b 155.4c 152.4d .BO 2.7 
(cm) July .01 175.5a 174.4a 170.Bb 168.9b 1.00 3.2 

Chest width Jan .01 38.6a 38.2a 36.Bb 36.Bb .30 .97 
(cm) July .07 41.4a 41.5a 40.Ba 40.5a .35 1.1 

Wither h.eight Jan .01 145.9a 144.0a 140.7b 139.0b .75 2.5 
(cm) July .01 153.Ba 152.7ab 150.lbc 149.3c .90 3.0 ...... 

0 
149.9a 148.6a 145.0b 143.3b 

0 
Hip height Jan .01 .78 2.5 

(cm) July .01 157.0a 156.3ab 153.6bc 152.5c .90 2.9 

Body length Jan .01 140.7a 137. 9b 134.6c 131.Bd .80 2.7 
(cm) July .01 150.9a 151.la 147.3b 146.3b .93 3.1 

Knee to ground Jan .01 40.0a 39.7a 39.lb 38.Bb .25 .91 
(cm) July .12 41.3 41.0 40.6 40.5 .• 28 

Cannon bone Jan .01 19.0a 18.6b 18.2c 18,-lc .10 .38 
circumference July .19 19.9 19.9 19.6 19.~ .15 (cm) 
Body weight Jan .01 363.9a 344.6b 314.3c 297.3d 4.70 15.7 

(kg) July .01 449.4a 440.4a 413.lb 400.9b 7.10 23.4 

Number of Horses Jan 23 25 46 36 
July 22 19 38 31 

1Probability associated with the F-test for the main effect of month of birth. 
2standard error of the means averaged across birth months. 
3Tukey's pairwise comparisons conducted when probability associated with the F-test for the main 
effect of month < .10; means in the same ~ow that differ by more than Tukey's critical value and 
with rl i.fferent superscripts are significantly different at ct =.05 
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the smal.l JHiqnH~ude of cannon bone c.ircumference. combined 

with the variab.i.li ty of ·tae measure in July (SE= .15 cm), 

the lack of differences was underst:andab1e.;. 

The probabil.ity that difference.s in 

foals .in Jnly was ··due to the month of birth 

chest width 

was •. QJ •. 

of 

~he 

ches-t width of horses is not at a mature size at: 18 ao,-of-

age (table 16), thus differe.nces liue to age or birth month 

were expec·t~:Hi :for this .measure. However, duri.ag the.· pre-

s ale conditioning· period, the increased subcutaneous adipose 

tissue made it difficult to locate points of the shoulders. 

Thus. there may have been inavoidable discrepancies between 

points of ipeasure. 

The measareaents o.f heart 9irt.h, wither height, hip 

,height, body weight and body len9th 0£ foals in July of 

their yearling year were differeat due to month of .birth (P< 

• Ql) .; However, siqni.f icant pairwise comparisons · were 

. iaen·tified less o.ften than in January. Additio.nally, the 

actual differences in July were smaller in magnitude tltan in 

.January. ~he:re.forew foals born in the late spring e:xhibited 

greater gains throughout the first seven mo of theix 

year)..inq year when compared to .:foals born in the early 

spring. '.f.he younger foals were growing more rapidly than 

were the older foals during this period. MaxiDu& :size and 

aqe at the maximum values were calculated with coef'ficents 
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of the regression equations. 

ed as all maximums coincided 

obtained in July. 7h us" all 

July. 

Ho-wever, they uere not r.eport.-

wit:h ages and measui:e&ents 

ho:cses Mere still growing in 

Nalbandov (196,l) theorized that qrowth rate was 

dependant upon the ratio .o.f growth horaone to an.it of .body 

weight. Nore recently, Trenkle and Topel. (1978} deterlllined 

t.hat the level of 9rowth Ju:u:mone in steers was positively 

correlated to carcass muscle a.nd :neqativ,ely correlated to 

carcass adipose tissue~ The younger, small:er cattle bad 

more growth hormone per unit of body wei9ht. As cattle 

became larger 1 there was r"e.latively .less hormo.ne per unit of 

body tissue. They a.lso reported that the metabolic 

clearance rate and secretion rate of q:rowth hormone declined 

as body weight increased. Thus, the smaller or 1ou119er 

animals in t.he current: study may have been moze sensitive 

to the facilitative horaona.l influence on growt.h duri.ng .. this 

period tha.n were the larger, o.lder horses. 

more hormone may have been availa.b.le per unit: 

stimulate more rapid growth .. 

Additic:nally, 

body mass t.o 

Dif~eJ:.§!l.§~·i!!···~ ;gf·J2§2·s.glts ll.!!! iil.iJ.@#3 ia ··~··sD!· 

JI.Yll · of ·· il~ii:: • ie9f Jing · 1es£ .. 

Differences. i.n size of colts and fillies in January and .· 

•lul y were studied when ·the probability for : the maiu effect:··· 
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of sex approached sig:aif.ica.nce (P:S • 1; table 29). There 

were no sex x month interactions. t:laus, differences in size 

of colts and fillies across birth months were compared.- ·. I:a 

all cases where differences t1ere detected, colts were larger 

than fillies. In January, di.ff erences in cannon bone 

circumference and body weight !Were .~5 cm and 16.42 kg, 

respecti·vely. I.n July, colts vere 3. 5 cm ·:longer 'than 

fillies, .$5 cm wider through the chest, had .53 cm more 

cannon bone circumference and weighed 18.'18 kg aore. than 

fil1ies. T.he lack of many differences in Ja.nuary can be 

related to results r~ported in table 26; differences in 

cannon bone circamfe.rence, due to sex, were £irst .noted at 

150 d-of-age Cl?< • 02-) • Differences in body vei9.ht, chest 

Midt.h and body 1enqth, due to sex, were firs·t seen at 210 d-

of-age •. 

'Thg · res!!m!tlanc~ i.J! .·· .J;i;th.§&; hei.s!tt!? ·· ·· of'··JlaJ;e!Jls i!nd · J:~iiii' .12.§,.4 

9!:tJ?R:{iD,g ... 
. 

Begression coefficients relating U1e wi·ther heights of 

parents to the height. of their 1982 off spring were 

determined (table 30).. T:he figures for off.spring-aa.111 and 

offspri.ng~sire resemb.lances estimate 1/2 heritabilit1 while 

the offsprinq-:midparent reqression represents an estimation 

of heritability. True heritability .is obtailled · only !When ·· 

tile t;raits o.f the parents and progen J are measured at: COJl!Jl!OD 



TABLE 29. LEAST SQUARES 11EANS OF TUE CONFORMATIONAL COMPONENTS OF 1982 COLTS AND FILLIES, CALCULATED 

FROM MEASUREMENTS OBTAINED IN JANUARY AND JULY OF THEIR YEARLING YEAR. l 

Least squares means Differences SE3 
between the 

Body Proba-2 measures of 
measurement Date bility Colts Fillies colts - Colts Fillies 

---~J_P <) fillies 

Cannon bone 
circumference (cm) Jan .04 18.65 18.30 .35 .08 .08 

Body weight (kg) Jan .07 338.15 321. 73 16.42 3.46 3.13 

Body length (cm) July .01 150.63 147 .13 3.5 • 71 .59 

Chest width (cm) July .01 41.5 40.65 .85 .24 .20 

Cannon bone 
circumference (cm) July .01 20.03 19.5 .53 .11 .10 

Body weight (kg) July .04 435.33 416.55 18.78 5.39 4.48 

1Table includes differences between colts and fillies when the probability associated with the F-test 
for the main effect of sex < .10. 

2 -
Probability associated with the F-test for the main effect of sex 

3 Standard error of the means averaged across birth months. 

I-' 
0 
.i::-. 
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TABLE 30. THE REGRESSION COEFFICIENTS DESCRIBING THE RESEMBLANCE BETWEEN THE 
WITHER HEIGHTS OF PARENTS AND THEIR OFFSPRING; CALCULATED FROM SINGLE 
MEASUREMENTS OF THE PARENTS HEIGHT AND FROM LEAST SQUARES MEANS OF 
THE OFFSPRINGS HEIGHT AT VARIOUS CONSTANT AGES AND IN JULY OF THEIR 
YEARLING YEAR. 

Year 
of 

birth 

1982 

1981 

Age 
(day) 

or date 

30 

90 

210 

400 

July 

350 

400 

July 

Significance of farm 
effects on parent 
height in 1982 

Significance of farm 
effects on parent 
height in 1981 

* p .:. .10 

offspring-dam 

* .JO ± .11 

* .16 ± .10 

± * .28 .08 

* .37 ± .09 

.21 ± * .10 

.22 ± * .09 

.20 

.49 

Regression coefficients of: 

offspring-sire offspring-midparent 

± .50 ± * .19 .12 .18 

* * .29 ± .11 .44 ± .15 

.34 ± * * .10 • 62 ± .13 

.42 ± * * .10 .78 ± .14 

.84 ± * .15 

* .61 ± * .43 ± .11 .15 

.33 ± * .53 ± * .10 .13 

.46 ± * .15 

.01 .01 

.01 .01 



106 

ages. Otherwise, as in this case, the . regression 

coefficients equa1 h (1) h (2) r(1,..2) :where r (1,2) is t:.he 

genetic correlation between .h.e.iqht at maturity and height at 

the age of the progeny when measured and h (1) and h (2) are 

the square root o.f .heritabilit:f at each age. . Most o.f. the 

current estimates agree with previously reported values 

(table 10). However, the wide ran9e of ·heritability 

estimates for 11ither height precludes comparisons to the 

current. estiaates. Tb.e resemb.lance .betveen paJ::ent.s a.nd 

o:f fspring · increased with age as noted previousJ.y (Varo, 

1965: Kownacki et al., 1911; Bintz et al., 1979). As age of 

the foals increased, the p.r:oportion of the o.ffspring ..... dam 

reseab1ance which contributed to the of:fspring~midparent 

corre.lation coef.ficient decreased. lat:ernal influence or 

the en v.iro.iuaent· provided by the dam pre-weaning aas .ceduced 

over time. tile highest coefficient of regression between 

offspring and parents was .observed in July of the Jearling 

year {r=.84). 'The model used to obtain this coefficient 

included the eff.ect of age of the ·Of.fspring in July. ~he 

mean age of yearlings in July was 480 d. P.henot1pe is the 

combination of genetic a:ad environmental influences •.. 

Although envi.ronment was no't q11antified, it · was aentio.ned 

previously that manage.meat practices on the farms. used for 

th.e current study, were well above average. Perkaps the 
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environment was favorable enough that the phenotypic 

e.xpression of :wither height approached the maximuJB genetic 

potential for wither height. 

1'. oa 1.§ l!.!?:i'1! _j,J! J 9 8j 

As stated in•the experimental procedure, measurements 

were o.btained on the 1981 foals during their yearling }'ea.I: 

only,. Ho.cses were measured between 244 to 557 d-of-age. 

Due to the limitations of 

less complete ·than th.os•e 

the data, 

of the 

intecpretations ~ere 

.data on 1982 foals .. 

However. simi1ar analyses we.re conduc-ted, thus, subjective 

comparisons betwee.n the two data sets were made when 

possible .. 

fL~2~··.-·-c~~ 2! · .1:m······.!__g~;!!!~~,§ -2! J2ilfi.ill 
The initial measurements, obtained in Feb,ruary, of 

heart girt.b, hip laeight, body length, body weight and chest 

width, were significantly different. among farl!ls Ctable 31). 

The farm effect for the initial iilither height measure 

approached significance (P< .. 13}. Sex,. month and all two 

•ay interactions of farm, sex and birth month did not 

influence initial body measures.. Yhe linear portion Cage 

e.ffa:!ct) of the gr.owth curve :was si.qnificant for all measures 

IP< ,. 05) except the dista:nce from knee to ground. 'f.he 

linear .gcowth of ch-est width and can.non circumference cwere 



TABLE 31. THE PROBABILITIES ASSOCIATED WITH THE F-TESTS OF THE SOURCES OF VARIATION IN THE ANALYSIS OF VARIANCE OF EACH 
SET OF SERIAL BODY MEASUREMENTS OF 1981 FOALS 1 

Body measurement 

Source Heart Wither Hip Body Body Knee to Cannon bone Chest 
of variation girth height height length weight ground circumference width 

Farm .01 .13 .os •. 01 .01 .S3 .31 .01 
Sex ;s7 .4S .7S .97 .76 .33 .86 .SS 
Month (of birth) .86 .96 .90 .so .81 .94 .97 .92 
Farm x Sex .so • 77 .86 .S7 .26 .97 .17 .70 
Farm x Month .6S .93 .90 .66 .99 .94 .26 .92 I-' 

0 

Sex x ttonth .S3 .S4 • 77 .94 .27 .70 .99 .79 co 

Horse .01 .01 .01 .01 .01 .01 .01 .01 
Age .01 .01 .01 .01 .OS .21 .01 .01 
Age x Sex .48 .S2 .19 .49 .61 .84 .01 .04 
Age x Month .04 .39 .OS .01 .4S .61 .84 .91 
Age x Age .01 .01 .01 .78 .01 .27 .01 .01 
Age x Age x Sex .S8 .60 .13 .49 .36 .71 .01 .os 
Age x Age x Month .07 .29 .03 .01 .54 .44 .46 .S6 

r-square .96 .9S .96 .9S .8S .78 .92 .79 
coefficient of 
variation (%) 1.2 .9 .7 1.3 7.S 2.0 1.4 3.0 
Repeatability between 
paired measurements (%) 98.78 92.47 92. 71 93.S2 - 78.S7 94.6S 81.80 

1The analysis follows the model depicted in Appendix table S 
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different between sexes (P< .04 and P< .01, respectively). 

There were also interactions of month and age for heart 

girth (P< • 04), hip height (P< .05) and body length (P 

< .. O 1).. Most of the qrowtb curves were curvilinear .. 

However:, the probability associated with tbe F-test for a 

quadratic body length curve Mas .78 and for the distance 

from knee to ground ~as .27. In termitt.ent interactions of 

sex or month w.ith age x age Mere observed. 

Coef.ficients of the regression equations were 

calculated (table 32) and used to depict the growt.G c1u:ves 

of body .measures o.f .foals by .month of birth (f i.gures 9 to 

16).. The figures and equations .t:epresent a small port.ion of 

the equine gLowth curve. Asymtotic growth curves are 

characterized by an initia.1 rapid period of growth that is 

f o.llorwed by an increasingly slower rat€ of growth.. The 

curves, althoug.b. they WEH:e curvilinear, did not reflect the 

nature of the growth i,n body parts of 1982 foals. 'rb.e 

intercepts corresponded to the initial measureme.nts, 

obtained in Februar:y of the yearling yea:r, thus the ages of 

the ho:cses at the intercepts varied .. 

and conclu.sious at the intercept, 

different months, were not obvious. 

Therefore, comparisons 

about horses born during 
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TABLE 32. REGRESSIOll EQUATIONS WITH LINEAR AND QUADRATIC COMPONEllTS OF SERIAL 
BODY MEASUREMENTS ON AGE THAT I/ERE USED TO PLOT GROWTH CURVES OF 1981 
FOALS BORN IN THE DIFFERENT MONTHS. 

Body 
measurement' 

Heart girth 

Wither height 

Hip height 

Body length 

Body weight 

Knee to ground 

Cannon bone 
circumference 

Chest width 

Month of 
birth 

Jan-Feb 
March 
April 
May-June 

Jan-Feb 
March 
April 
May-June 

Jan-Feb 
March 
Apri 1 
May-June 

Jan-Feb 
March 
April 
May-June 

Ja-n-Feb 
March 
Apri 1 
May-June 

Jan-Feb 
March. 
April 
May-June 

Jan-Feb 
March 
Apri 1 
May-June 

Jan-Feb 
March 
April 
May-June 

Components of the regression equations 

Intercept Linear Quadratic 
( x age) ( .x age x age) 

150.39316 + ~07443467 + .00004944 
153.24263 . + . 02194593 + .00023962 
148.35093 + .09535981 + .00005995 
148.35215 + .0775629 + .00017538 

133.71946 + .11532993 - .00017408 
·137.06284 + .08717627 - .00010682 
138. 30326 + .07981925 - .00008726 
138.23795 + .09192673 - .00016354 

136. 76006 + .11948321 - .00019164 
142.9409 + .06452835 - .00005369 
141.13628 + .089572 - .00011903 
142.21412 + .. 08900801 - .00016369 

128. 71731 + .08754477 - .00003795 
132.40651 + .05845915 + .00005646 
126. 78675 + .12451582 - .00013787 
131. 15006 + .05354138 + .00015232 

323.53925 + .20070599 .+ .00070586 
302.61971 + .03754329 + .00197021 
271.22803 + .56434726 + .00060397 
276.19847 + .36~00464 + .00162092 

37.408433 + .00345766 + .00001255 
37.2752971 + . 01336111 - .0000147 
38. 136944 + .00035561 + .00003353 
38.374944 + .00376877 .+ .00002258 

17.166137 + .0190976 - .00003242 
17.469577 + .01902218 - .00003958 
17.505339 + .0218028 - .00004885 
17.76509 + .0204213 - .00005012 

32.388238 + .05033588 - .0000813 
32.903879 . + . 05254909 . - .00010486 
33.246123 + .. 06057556 - .00014049 
33.936632 + .0561891 - .00014568 



111 

HEART GIRTH 
180 

175 

170 

c 
E 
N 165 
T 
I 
M 
E 160 
T 
E 
R 
s 155 

145 
...,.__~~~~~~~~~~~~~~~~~~~ 

01JRN82 

LEGEND: MCJNTH 

01MRR82 01MRY82 

ORTE 

-- JRN-FEB 
- - - APR 

01JUL82 01SEP82 

------- MAR 
- - MAY-JUNE 

FIGURE 9. GROWTH CURVES DEPICTING THE PATTERNS OF HEART 
GIRTH GROWTH OF 1981 FOALS BORN IN THE 
VARIOUS MONTHS. 



112 

WITHER HEIGHT 
156 

153 

150 

c 
E 
N 147 
T 
I 
M 
E 1 4 LI 
T 
E 
R 
s 1 LI 1 

138 

135 
--~~~~~~~~~~~~~~~~~~~ 

01JAN82 

LEGEND: MONTH 

01MAR82 01 MAl82 

ORTE 

JAN-FEB 
- - - APR 

01JUL82 01SEP82 

------~ MAR 
- - MAY-JUNE 

FIGURE 10. GROWTH CURVES DEPICTING THE PATTERNS OF 
WITHER HEIGHT CROWTH OF 1981 FOALS BORN 
IN THE VARIOUS MONTHS. 



113 

HIP HEIGHT 

160 

157 

-----15LI -- ------ ------ / ----c --- / 

----E --- / ---- / / N 151 , - / / T ,/ / / 
I --- / 
M ----- / / E 1LI8 -- // T 

,,,....... / 

E - // / 
R // 5 1LI5 

/// 

1LI2 / 

139 
..,__~~~~~~~~~~~~~~~~~~~ 

01JRN82 01MRR82 01JUL82 01SEP82 

LEGEND: M('JNTH 

01 MRl82 

ORTE 

-- JAN-FEB ------- MAR 
- - - APR - - MAY-JUNE 

FIGURE 11. GROWTH CURVES DEPICTING THE PATTERNS OF HIP 
HEIGHT GROWTH OF 1981 FOALS BORN IN THE 
VARIOUS MONTHS. 



114 

BODY LENGTH 
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,£om~ari§9!!§ .Qi !!25J.I.. •~~§ure§ J!lii9~-A! ~£~citi~ Ml§§ ..!..! 1981 -

foj!j,§ ~ gug;,i1;g .!}j.;ft~r~.B! ;!!<Hlitl!§. 

Body size of all foals was- calculat:ed a·t 350 or 400 d-

of-aqe bf linear interpolation. Means, standard deYiations 

and coefficients of variat:ion for each measurement across 

month of birth were determined {table 33). lt was difficult 

to note any changing trends over time in the values.obtained 

foe s·tandard deviations or coefficients of variation as 

there were on.ly t·w:o ages investigated. 

at: 400 d ... of-age in ·tables 33 and 14 

However, the vaJ.ues 

were co.spared.. :Poals 

horn in 1981 and 1:982 were similar in size at 400 d""of-age. 

Furthermore, the standard deviations and coefficients of 

variation for each measure at 400 d-of-aqe were similar in 

the two sets of data. 

'The ef£ects of month of birth on the least ·squares 

means of bodr measureme.nts of foals at 350 or 460 d-of-age 

we.re examined (table· 34}. There were few diff ere:nces in 

measures doe to month of birth .. Mont:h af:fe.cted the measure 

of chest. width at 350 d-of-aqe f P< -.06) aad tlle measure of 
heart girth (P< .(H),, the dis·tance from knee to ground (P< 

.Q3) and cannon bone circumference (P<.01) at. 40.Q d ... of-age. 

i'.he heart: girth of foals .born in April,, Bay and June was 3.3 

cm larger (P< .05) than,that oz foals born in January,, 

February and !!arch. Although the prob.a.hilitJ associated 



TABLE 33. LEAST SQUARES MEANS, STANDARD DEVIATIONS (S.D.) AND COEFFICIENTS OF VARIATION (C.V.) OF THE BODY 
UEASUREMENTS OF 1981 FOALS THAT WERE CALCULATED AT 350 OR 400 DAYS-OF-AGE. 

Body measurement 
Heart Chest Wither Hip Body Knee to Cannon bone Body 
girth width height height length ground circumference weight 

Age Calculated 
(days) values (cm) (cm) (cm) (cm) (cm) (cm) (cm) (kg) 

350 159.1 37.9 145.8 149.5 139.4 38.7 19.2 336.1 I-' mean N 
S.D. 3.7 1.5 3.4 3.5 4.0 1.2 .6 22.9 0 
c.v. (%) 2.3 3.8 2.3 2.3 2.8 3.0 3.1 6.8 

400 mean 165.0 38,8 148.6 152.3 143.6 39.1 19.6 376.2 
S.D. 3.8 1.6 3.2 3.2 3.8 1.1 .5 39.5 
c.v. (%) 2.3 4.1 2.2 2.1 2.6 2.7 2.7 10.5 
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TABLE 34, LEAST SQUARES MEANS OF TIIE CONFORllATIONAL COl[PONENTS OF 1981 FOALS, CALCULATED FROM DATA 

ADJUSTED TO THE CONSTANT AGES OF 350 OR 400 DAYS-OF-AGE. 

Month of birth Duncan's critical values 3 

Body 
measurement 

lleart girth 
(cm) 

ChePt width 
(cm) 

Wither height 
(cm) 

Hip height 

(cm) 

Body length 
(cm) 

KneP to ground 

(cm) 

Cannon bone 
c i rcumf ere nee 

(cm) 

Bod{k~light 

Age 
(days) 

350 

400 

350 

400 

350 

400 

350 

400 

350 

350 

400 

350 

400 

350 

400 

Number of Horses 350 

400 

Proba- 1 
bility 

(P <) 

.22 

.01 

.06 

.13 

.41 

.4 7 

.56 

• 73 

• 98 

• 27 

.26 

.03 

• 24 

.01 

.18 

.40 

January 
February 

156. 7 

163. 2a 

37. 3a 

38 .1 

144. 7 

148.0 

148.3 

151.8 

139.J 

141. 7 

37. 7 

38.s" 

19.0 

19. 3• 

321. l 

376.4 

14 

l.farch 

159. 3 

163.Sa 

37. 6a 

38. 7 

145 .4 

148. 6 

149. 4 

152. 2 

139.6 

143. 7 

38.6 

39.l" 

19 .3 
19 .6ab 

336. 8 

366.0 

24 

30 

April 

159. 7 

166. Sb 

38.5" 

39. 2 

146.4 

149.3 

149. 7 

152. 9 

139.8 

143.8 

38.6 
39. 2•b 

19.5 
19. 9b 

340.3 

383.8 

43 

44 

May 
June 

160. 7 

166. lb 

38. 6" 

39. 2 

147 .1 

149.4 

150.8 

152 .8 

140.0 

145.2 

39.0 
39. 7b 

19. 6 
19. 9b 

34 7 .1 

381.8 

26 

25 

1Probability associated with the F-test for the main effect of month of birth. 
2s tandard error of the means averaged across birth months. 

1. 2 

.9 

.5 

. 38 

1.10 

• 78 

1.20 

• 78 

1. 30 

. 90 

,40 

. 25 

.18 

.13 

7. 68 

9.35 

p=~ p=3 

2. 44 2. 57 

1. 21 1.27 

. 97 1.02 

. 32 . 34 

3ouncan's multiple range conducted when probability< .10. Means in the same row with different superscripts were 
significantly different (a =.OS). To conduct test, ["ank means in order from smallest to largest. "p" is the 
number of least squares means included within the range of the comparison. To compare 2 least squares means that 
are adjacent within the array of means, use p=2. To compare 2 least squares means ranked l and 3 or 2 and 4, use 
p=). To compare the smallest and largest least squares means, use p""4. 

p='~ 

2. 65 

1. 31 

1.05 

• 35 
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wi:tb the F-test for month to cause a dif:ference i.n chest 

11idth of foals JWa.s .(.)6, Du.nca.n•s critical values were 

greater than the dif.ferences between measures .. Foals born 

in,April, aay and June ltad mo:t:e .length from knee to ground 

(. 9 cm> and. a larger ca1uuu1 bone circum:fe.cence (.6 c.m) than 

did foals born in January-February... . ln genera.I, although 

there were ttot man:y differences in si:ze of foals due to 

month of birth at ei·ther 350 or 400 d-of-age, t:.he average 

size of foals born in May-Jane was larger and that of foal.s 

born in January-l?ehruary was smaller . than their 

co,ntempo·raries a·t the two constant ages. 

T.he average sizes'.of 1961 and 1982 foals at 400 d-of-

age was compared· (table 34 vs tables 15 to 22} ., . In ge,ueral, 

the 1981 .foa1s horn in January, Februacy and !arch were 

smaller than their 1982 counterparts. Also, the 1981 foals 

born in April, !'Jay a;Q,d June were larger than their 1982 

counterparts. These differences may explain liaf month of 

birt:h influenced the size of 1981 foals at 400 a-of-age· •hen 

i:t did not in:f.luence the size of 1982 foals at the same .age •. · 

£o£:r~l.ati§A§·~ -JM .Q4 !!19·.9ais-of:-~UH~ .. J;!etween·· bodi ,1~as.uJ:f;§··· 

ill J.2§J !;g~l§· 

7he relationships he,tween size at the specific points 

0£ measure at 350 or 400 d-of-aqe were e:xamined (table 3.5) .. 

Because there were onl.J two ages a·t ifhich values we.re 



TABLE 35. CORRELATIONS BETWEEN MEASUREMENTS AT 350 OR 400 DAYS-OF-AGE FOR 1981 FOALS 

·· Body ·m:asurement 

Body Age Chest Wither Hip Body Knee to 
measurement (days) width height height length ground 

Heart girth 350 .65 .69 .69 .66 .49 
400 .53 .64 .65 .64 .58 

Chest width 350 .46 .46 .44 .38 
400 .35 .37 .49 .37 

Wither height 350 .94 .75 • 71 
400 .93 .66 .81 

Hip height 350 .79 .76 
400 • 71 .79 

Body length 350 .56 
400 .62 

Knee ·to 350 
ground 400 

Cannori bone 350 
circumference 400 

1 All correlations were significant at p2._ ,0001. 

Cannon bone 
circumference· 

.67 

.64 

.62 

.46 

.62 

.60 

.64 

.63 

.64 

.64 

.43 

.so 

Body 
weight 

.99 
• 72 

.65 

.37 

.67 

.39 

.67 

.36 

.65 

.40 

.48 

.37 

.66 

.35 

f-' 
N 
VJ 
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ob:taiJaed# it was not possible to investigate trends ol'.er 

time. Comparisons between ·the values at 400 d-of-age., 

presented in. tables 3.5 ( 1981 -foal.s) and 24 ( 1982 foals) were 

!'he correlation coef.ficients were 9eneral.17 the same 

between all points of J11easure.me.nt. However,, it was :note& 

that the relationships between body weig.ht and the other 

specific aeasurements we:re less for 1981 ~foals compared to 

those for 1982 foals. 

Piff~rey.g~§il\ pi;Z§ a!·!~§.l £O.lt,? ·· · Sl!!i! .!iili~§ §! 12~ .9£ · !:99 · 

·. ga.Y§=·of=~g,e. 

The va.lues of all body .measurements at. each constant. 

a·ge were grouped .by sex. There were no significant month x 

sex interactions, t.heref ore differences between sexes,. 

averaqed acr.oss birth aont.hs, were examined. Table 36 

includes the least squares means of conformational 

coaponent:.s ·when :the uin effect of se:x at a specific age was 

significant (P:S; •1). The body lengths at. 350 d-of-a9e and 

the chest widths,. distances from knee to ground and cannon 

hone circumferences at 350 and 400 d..-of-aqe of colts were 

cons.istant..ly 1.arger ,'. than the same proportions of fillies .. 

Col;ts were t •. 42 or .47 cm ·wider t.hrough the chest and 

exhibited .95 or .55 cm more length from knee to ground than 

fillies at 350 or 400 d-of-age, respective.ly (P< .1). Colts 

were 2. 27 cm longer than fillies at 350 ,a-of-age, and had 



TABLE 36, LEAST SQUARES HEANS OF BODY MEASUREMENTS OF 1981 COLTS AND FILLIES, CALCULATED ;FROM DATA 

ADJUSTED TO 350 OR 400 DAYS-OF-AGE 1, 

Least squares means Differences SE3 
between the 

Body Age Proba-2 measures of 
measurement (days) bility Colts Fillies colts - Colts Fillies 

(P <) fillies 

Chest width (cm) 350 .01 38.7 37.28 1.42 .45 .33 

400 .06 39.03 38.55 .47 .29 .21 

Body length (cm) 350 .06 140.85 138.58 2.27 1.19 .90 

Knee to 350 .01 39.05 38.1 .95 .34 .27 
ground (cm) 

400 .02 39.43 38.88 .55 .20 • Hi 

Cannon bone 350 .01 19.7 19.0 • 7 .17 .15 
circumference (cm) 

400 .01 19.93 19.4 .53 .11 .07 

l Table includes differences between colts and fillies when the probability associated with the F-test for 
the main effect of sex < .10. 

2Probability associated ~ith the F-test for the main effect of 
3standard error of the means averaged across birth months. 

sex 

I-' 
N 
Vl 
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larqer {.53 to .70 cin) cannon hones ti.Ian fillies at 350 and 

400 d-of-age. 

Th:e occu:rances of sex differ:ences in size were similar 

for the 1981 and the 1982 foals (tables 36 and 26). 

Therefore, the previous discussion about differences in 

size, due to sex, applied to ho-th sets of data. 

The aqe of the dam did no-t siqniJ:icantly intlue.lice ·the 

size of 1981 foals at 350 or 400 d-of-age. This was not 

unexpected as mare age affected only the measurements of 

39 82 foals th.at were younger than 270 d-of-age (table 27) .. 

f&_m.P.a!'J.:§Qll§ .2! ,;QQjJ! !!g,S.§J!Il.§ .2cb!,g_i~9 in Jp)..z £! t}l,!a 

.!~:,!:in~ Y§l!J;; i!1 J~.&J !.£?1!1S, !tQ.!;]! Q,YriJlll i!if!~~~P! !1\QD!hs. 

The least squares means of body measuremeBts of 1981 

foals,, obtained hi July of their yearling year 1 were 

-determined (table 37). Month of :birth influenced the size of 

heart girth, body length, body weight (P< .01) and hip 

height (P< .09),. Foals born in January--February had a 

larger heart 9irth (4,.4 cm) and weighed 31.3 kg more than 

foals born in May-June. However, the heart girths and body 

:weights 0£ foals born from January to April did not differ. 

Specific dif:ferences between the hip heights and body 

lengths o_f foals born in diff,erent months were not 

identified with Tukey 1 s critical differences (p= .05). 

'There were more siqni£icant differences due to month of 



TABLE 37. LEAST SQUARES MEANS OF THE CONFORMATIONAL COMPONENTS OF 1981 FOALS, CALCULATED FROM MEASUREMENTS 
OBTAINED IN JULY OF THEIR YEARLING YEAR. 

Month of birth 

Proba- 1 January May 
Measurement bility February March April June SE 2 

p < 

Heart girth (cm) .01 174.9a 174.4a 173.0ab 170.5b .9 

Chest width (cm) .70 40.0 39.7 39.6 39.7 .25 

Wither height (cm) .13 152.5 152.6 151.6 150.8 .8 

Hip height (cm) .09 155.9a 156.4a 155.3a 154.5a .73 

Body length (cm) .01 151.8a 151.8a 149.5a 149.la .98 

Knee to ground (cm) .66 39.4 39.8 39.8 39.9 .25 

Cannon bone .53 19.9 19.8 20.0 19.9 .13 
circumference (cm) 
Body weight (kg) .01 443.8a 441. 3a 429.2ab 412.5b 7.00 

Number of Horses 16 29 38 21 

1 Probability associated with the F-test for the main effect of month of birth. 
2standard error of the m~ans averaged across birth months. 
3Tukey's pairwise comparisons conducted when probability associated with the F-test for 

the main effect of month .::_ .10; means in the same row that differ by more than Tukey 1 s critical 
value and with different superscripts are significantly different at a ~.05. 

Tukey's 

critical values 3 

2.9 

.73 

2.5 

2.3 

3.0 

.86 

.42 

22.2 

)-l 
N 

" 
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birth in the size 0£ 1982 foals (table 28) vs 1981 foals in 

JoG1y o.f the yearling year .. However,, the average sizes of 

t.he tao groups of horses were similar. 

foals exhibited a fast.er g,rowth rate during solJle phase of 

their grow·th than did the early-born foals. 'Presuma.bly. it 

was prior to the . period when observations were obtained •. 

The growth rate of 1982 foals .born in April .. !lay and Ju.De 

11as .faster from birth to 21Q d-of-aqe t.han of foals born in 

January. February and March. Differences in size of 

weanlings due to month of birth decreased with age. In the 

Tho.rouqhbred race horse industry, Jul V of the yearli.ag year 

is a critical date a:s ii: is the ti.lie when yearlings are 

sold. If size is a factor i.n tlte saleability or the price 

of ·th:e anima1. then t.he foali.nq date should have l.ittle 

influence on the profit margin .. It seemsobvious that 

current breeding schedu1es are not necessary f;com the 

standpoint of producing larger, more desirable anima.ls .. 

Dif:ferenees in· size.of 1,2~J ce 1 ts·a.o.a.Jfillj.esin .iJuJ.v .. _of· --.__,.,._~ -- --· .-...... - " .....,_.~._,,,_,. --~ ·- ~ J 

~g n.silias -J§il.i • 

i\here wece differences Ui t:he c.he.st width (P< .01), the 

distance from knee to ground (P< .04). cannon bone 

circum.ference (P< • 01) a:nd the body weig.lrt (P< ,,..()6) 

measurements of year.lings 'due to sex. Colts were uai·fo:rmly 

larger than fillies. Siqnificant di;fferences i11, chest width 
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and cannon, boJle circumference ranged from .!,;2 to .75 cm. 

Colts 11ere .. 65 cm ;longer fro.m the knee to 9:co~'UHi a:nd weighed 

13 .. 18 kq more than fillies ttahle 38) ~· The .. differences 

:between the sexes were similar to those observed in the 1982 

foals is July (table 29) •. " 

:f§g ;!;~§~m:b la~§~ · in · !h§·w .!i!hH~ · D~lli.J: · -2! ~ !SJ.'§Dt§ ii.IS·· t}le!=r · 

·. 1!}§j ;.Q(fSJ!:J:!BSf ,. 

t'he offspring-dam coefficients of req:ressioa we.re .. 21 

and .22 at 350 and 400 d~:of-a9e 1 respectively (~h:le 30). 

7.he offspring:...;sire coefficients at the· sa11e ages were 

.. 33, respect.ive1.J)., The slightly .. larger 

coefficients of reqression at 400 d-of-age we:r:e not 

different for the 1981 and 1982 foals. '.rhis was not 

unexpected because many of the daas and sires were 

.represented in both data sets. The regression c~ff'icie:nt 

for wither height of 1981 f,oals i.n Jul.y o.n -aid-pare.Dt wither 

height was .4o, lower tkan Ute regression coeff.icie:at for 

MiUier height o:f 1982 foal.s~ 

apparent. 

Seasons for this were .Dot 



TABLE 38. LEAST SQUARES MEANS OF THE CONFORMATIONAL COMPONENTS OF 1981 COLTS AND FILLIES, CALCULATED 
FROM MEASUREMENTS OBTAINED IN JULY OF THEIR YEARLING•'YEAR l. 

Least squares means Difference SE3 
between the 
measures of 

Body measurement Probability 2 Colts Fillies colts - Colts Fillies 
(P <) fillies 

Chest width (cm) .01 40.15 39.4 .75 .18 .14 

Knee to ground (cm) .04 40.05 39.4 .65 .22 .16 

Cannon bone circumference (cm) .01 20.15 19.63 .52 .11 .09 

Body weight (kg) .06 438.63 424.85 13.78 5.51 4.16 

1Table includes differences between colts and fillies when the probability associated with the F-test for 
the main effect of sex ~ .10. 

2 Probability associated with the F-test for the main effect of sex. 
3 Standard error of the means averaged across birth months. 

t--' 
liJ 
0 



sutuuuu· AND OOlilCLUS:IOiilS 

Thirteen 'fhorouqhhred · :farms in Virginia provided a 

total of 260 horses for this study.. Body J11easure.meats 

iucJ.udin9 .heart girth, :wither and hip beiq,ht, body .length, 

chest width, the distance from knee to ground, 'Cannon bone 

circumference and body weiq.h·t (calculated from heart girth) , 

were obtained at 2-mo intet:vals on each of 139 animals. 

Similar data were obtained from ·the :remaining 121 horses at 

6-·wk intervals from FebruarJ through July of their yea:r.linq 

year. The data were used to study growth patbn:ns of 

T'h.roroughhred ·· foals and yearlings,; to evaluate the 

influences of month of birth and s.e:x on growth a.ad 

deve1opment and to develop equations that described and 

predicted the growth patterns .. 

7he statistical models that were employed to devel.op 

req:ression equations considered variation due to .farm. sex, 

month of birth and the linear and quadratic e:ffects. of 

serial body measurements on age. The mode.ls accounted for 

83 to 981' of the variation in the data {"table ll). .foals 

born in January-February we.re smallest at birth vbile foals 

bor;n in .May-Jtute were larqest: at birth {table 12; figures 1 ... 

·to 8). . All growth curves were asy.mp·t.otic. i'he month of 

.birth and sex of the foal differen-tiall.y influenced many of 

131 
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·the growth curves; the rate o:f 9xowth in the various 

measures differed due to the two effects, ret t.he shape of 

the curves wi·thin a .meas a.re, determined .by interactions of 

the quadratic ef.fect of serial measurements on age wit.h 

month of birth, qenerall.y were not different·· (table 11) .•. ·· 

A.11 data were linearly interpola·ted to several> constant 

ages in order to .make comparisons of measures between month 

o:f birt:h or between sexes (tables 15 to 22) • At 30 ·and 90 · 

d-of-aqe, foals born-in January-February were: the smallest. 

foals. '.fhe differences between body measurements of foals., 

due to month of birth, 9enerally dissappea_red by 210 d-of-

age.. Measures obtained at 400 d-of-a9e (excladi.ag chest 

width) did :not differ due to birth month. Therefore, the 

size of foa.ls at t.J«W a-of-age was designated as H>OI of 

maximum size. At 30 and 90 d ... of-aqe, foa1s born i.n Bay-June 

:foals were 1 to 6:~ more matur·e than foals born in January-

.i?"ebruary (table 23). ~hei:efo.re, the later-born foals 

appeared larger at birth and exhibited a.n initial grottf:h 

rate that was greater than that of foals .born eaxlier i:n the: 

year. In terms of t.he relat:i ve increase from birth to 400 

d-o.f-age, the chanqe a skeletal size was less than the 

increase in body mass. 

Correlations between the various measurements were 

determined at the specific aqes. The correlations .betve·en 
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heart girth and body 'Weight and betifeen wither and .hip 

height iilere consistant..ly high (r2=.76 t:o -~9 and .90 to .9li, 

respectively). The relationships between heart girth and 

chest: width, wither hei9.ht, hip height. or body length 

decreased wH:h age while the correlation between : wither 

height and the distance from knee to gi:oalld increased with 

aqe. Cannon bone circumference wascon.sisfta11tly related to 

all measures over time (r2 =.42 to .. 11: table 24) • . . The 

changes in correlation coef.ficie.nts, that were seen over 

time, exe.mplified the asynclu:onous q.rovth i.a various part,s 

of the body-. 

There were some d:ifferences in size between colts and 

fi11:ies (tab.le 26). Diff.eren.ces were not detected .Prioz: ·to 

15{) d-of-age. However, when the effect o.f · sex was 

sign if icaat (P:S • H, colts were uniformly larger ; than 

fi.llies •.. 

there were several instances Mhe.n mare age contributed 

a significant. amount of variation 'to measurements of foals 

(table 27). Mares 12 to 25 rr-0£-aqe had longer foals from 

30 co 210 d-of-aqe than foals from mares 4 t.o 11 yr old •. 

The oldest. .mares• foals were tal.ler at the with~rs, .lai:ger 

around the girth and heavier than than their comte11pories at 

90 d-.of-age. 
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The si:ze of all foa.ls in January and Jn1y of t.he 

year.ling: year (tabJ.e 28) vas studied. Foals born in 

Januar y-.February were consistently larger in Januar.J than 

foa.ls born in April, May and June (P< .05).. In .Jul11 montla 

of birth i:nfl.uenced the measurements of heart girth, wither 

height, hip height, body .length a.ad body weight (P< .. 01 .. 

However, actual differences ill size, due to month.of birth, 

were smaller in maqni tude than the ·differences observed in 

January.. Further.more, foals born from Januaxy to Harell were 

not different: and foa.ls born from April to June ·were aot 

different. in size. thus,, . the .differences ill size,, due to 

month of birth, diminished with time. 

There were several instances when sex of the .horse 

influenced size in January and July (table 29) • .111 Ja:ouary, 

colts had a larger cannon bone circumference and uere 

heavier than fillies. Zn July. · colts were loager, wider 

through ·the chest, heavier a.nd had .larger cannon. bo-ue 

circulll£e:rences 'than fillies. 

The resemblance between the wither hei9hts of parents 

and their 1982 offspring increased with aqe and was highest: 

in Jal y of the yearlin9 year (table 30). The contri.bution 

o.f the offspring-dam resemblance to the o'Verall regression 

decreased over time. 
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Si.milar analyses :were conducted using data obtained on 

1981 foa.ls. Growth curves of most body measures were 

asymptotic in that both the linear a.n,d quadratic compone.rrts 

o:f re·qression were si9ni£icant (table 31). Tlle rate of 

qrowth in the various pr·oportious was inter11ittantly 

influenced .by sex or by month of birth, while tlte shape of 

the curves wit.ltin a measaire were fairl:r uniforn acrossse:xes 

and month 0£ birth {table 32; figures 9 to 16) •. There wece 

fev differences in the size of horses at 350 or 400 d-of-age 

due to month of birth (table 34).. Tliis was ,not unexpected 

as differences in the proportions of 1982 foals, due to 

birth month, were not observed subse:guen:t to 270 d-of-aqe,. ,' 

The actual size o:f horses and the coefficients of 

corr,e,lation ,, U:a.ble 35) between the various :measu£es in each 

data set at 400 d-of-age were similar. 

'The occo.rrences of sex differences in the 1981 foals 

were similar to those in the 1982 foals (table 36) .. ,, Colts 

had larger chest widths, body lengths,. knee to ground 

distances and cannon bone circumferences than fillies. 

Comparisons of 1981 foa,ls by month of birth in Ju1y of 

their yearling year revealed differences in ,' tile si2e of 

lu:!art girth, hip height, body length and body weight .(table 

37). Ton.key's pairwise comparisons were made and significant . 

. differences were iden,tified only i.n the beart girth and hodf 
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weight measurements. Foals born in Ja.:nuary: to A.pril did not 

d.iff er in ··size. There were few differences in·size between 

colts and fillies in July (table .38). 

The restrictions of age and date of measurements did 

not allow us to identif :r the date when di:fferences in size, 

due to month of birth,. wou1d have been • statistically 

ne.gliqible.. . However, because horses were beginning to 

approach a similar size in Ju.ly, it is necessary to consider 

an evaluation of cur.rent established breeding schedules •. Is 

the advantaqe in . grorth rate ot la-tie sprinq-bora foals 

enough to justify intensif.ication of b.reeding within the 

3-mo period · from Ap.ril to Jone? Certainly, reproductive 

efficiency of both the ma.re and sta1lion would he imp.roved 

('!'rum, 1950; Loy, 1967; Van Niekerk, 1967; Button and 

Meacham, 1968; Pickett et al., 1970; Pickett and Voss, 1972; 

Kenney, 1915; .Jennings, 1981).. Hollingsworth (1915) 

i.ndicated that l.ifet.ime racing performance (AEI) of foals 

born in January and June was .less than the a11e:rage of their 

con·temporari.es born in .Fe.brnary· through :Hay.., . one of the 

major aspects of the 'fhoroug,hbred racin9 · indust:r:y not 

considered in the curre-11£ st:udy was the evalua·tio.n of 

ability or endurance of the animals as affected by when they 

are born. I.f 1110.nth of birtll did have an impact on 

p,erformance, U1e effect would probably be confounded wit:h 
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training regime.n and for).· trainer.. Bhea. yearlings are sold, 

the:r genera.lly beqin race trainiIHJ in the late fa.11 of their 

yearling fear. By the ti.me they are 2 Jr old (January 1 of 

their second 

competition. 

foals may be 

year), they are. 9enerally getting ready for 

During training, it is 1ikely that ea:rly-.born 

treated as oldei: or more capable animals than 

later-born foals. 1.his phenoaena may he even more likely if 

the older foal is larger .• than his co11t.empories. . The 

11 advanta9e" of 2 to ] mo-of-age may actually be a 

disadva.ntage to the horse in , ter.11s of lonqevity and life 

time performance. .Excessive training prior to the time when 

loag bones cease growth (table 9} can cause irrepairab1e 

damage. 

the most 

In order to make an unbiased mana9emen·t decision on 

beneficial time to breed mares and tl1e ,best time 

for foals to be born, further economic analyses and,pe1:form-

ance tes·ts of large numbers of horses need to be ccnduct·ed. 

'!'he size of the horse in July of the yearling year 

probably has lit.t:le impact. on the 'thoroughbred industry 

beyond its impact on the yearling sal.e price. Khalilov 

(1980) reported that correlations of .body measurements 

(iiither height, heart qirt.h aad cannon bone circu111ference) 

at 6, 12, 18, 24, 30 and 3..6 m~of-aqe Mith speed over 200 m. 

ranged from .08 to -l6# -09 to .27 and .07 to .24 for the 

three conformational components, respectively. on the other 
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hand, Fabiani (1974), calcttlated hiqh cor1>e.lations between 

jumping ability and wither height (. 78) a.ad .between jumping 

ability and the body mass i..ndex (-.°17) The body mass index 

'iias calculated by chest girth :x: HHl/height. at . ·· withe.rs. 

There have been no majoi: studies conducted t.hat confirm a 

relationship betwe·en performance a.bility and a specific 

physique.. For example, Northern Dancer, one of the most 

valuable stallions in the world today, was partially ignored 

as a yearling,. due to his small size, but he was extremely 

sucess:ful at the race track. Becoase of the improbability 

of predicting body size and conformation that would ensure 

racing success, research efforts like the current s·tudy are 

more useful to the breeding farm managers than to 

prospective race .horse own.ers. 

:The results of the current study ve_re promising in that 

t.he . diffe.re.nces in size of horses due to 11011th of birth, 

diminished :with time. P.resumably,. at a date soon after July 

.in tb.e year.li:n9 year, differences in si2e were ne9ligib.le •. 

. Further studies are needed t.o evaluate the performance,. 

.longevity and life·time abilil:y of horses in relation to 

their month of birth. Additionally,. the relationship 

between age and a.bility needs to be investigated. 

:rt is obvious that reproductive efficiency would be 

improved if mares were .bred in late- vs early-spring •. 
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Facets of the overall economic structure of a.11 earlJ 

breeding schedule that need consideration include the loss 

of reproductive ef ficie.ncy in earlr-spring, the increased 

feed cost of :feeding pregnant mares in · the winter vs the 

spring and the increased length of time t:hat earl:r- vs J.ate-

born .foals are maintained prior i:o being sold in July of t:he 

yearling year. overall, the observations in tile cur:re'nt 

s·tudy, combined with the economic imp.lications o:f a 

physio.l.09i.cal breeding season, would certainly .. jus·tiff 

further research that would add to the current information. 
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APPENDIX TABLE 1. THE ANALYSIS OF VARIANCE OF SERIAL HEART GIRTH MEASUREMENTS 
OF 1982 FOALS THAT WAS UTILIZED TO GENERATE A REGRESSION 
EQUATION DESCRIBING THE GROWTH CURVE FOR HEART GIRTH1• 

Source of 
variation 

Degrees of 
Freedom 

Mean square F value Probability 
(P <) 

Farm 

Sex 

Month 

Farm x Sex 

Farm x Month 

Sex x Month 

Horse2 

Age 

Age x Age 

Age x Sex 

Age x Age x 

Age x Month 

Sex 

Age x Age x Uonth 

Error 3 

Total 

12 

3 

11 

27 

3 

83 

1 

3 

3 

909 

1059 

24962 .• 558 3.09 .01 

14081.435 1. 75 .19 

47997.853 5.95 .01 

9777.4245 1.21 .29 

13165.790 1.63 .05 

4554.6797 .56 .64 

8062.8321 4.37 .01 

18528846.538 10051.92 .01 

5628333.304 3053.65 .01 

6683.8858 3.63 .06 

3334.1389 1.81 .18 

12454.873 6.76 .01 

5481. 6176 2.97 .03 

1843.314 

1Analysis of variance for all serial body measurements follow the same model 
2The mean square for horse was used to test farm, sex arid month and their 
interactions 

3 The error mean square used to test horse effects, age, age x age and their 
interactions with sex and month; derived from a model where horse and all 
main effects were absorbed. 

4Probabilities associated with the F-tests for each source of variation 

4 
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APPENDIX TABLE 2. LEAST SQUARES ANALYSIS OF VARIANCE OF HEART GIRTH 
MEASUREUENTS OF. 1982 FOALS. THE UEASUREMENTS WERE 
AD.rtJsTED To nm coNsTANT AGE oF 3_o DAYS 1 • 

Source of Degrees of Mean square F value Probability 
Variation Freedom (P <) 

Farm 12 5096.1931 2.62 .• 01 

Sex 1 571.1999 .29 .59 

Month 3 15582,305 7.97 .01 

Sex x Month 3 5289.165 2. 71 .01 

Error 81 1954.4554 

Total ·100 

2 

1 Analysis of variance for all body measurements at each constant age foilows the 
same model. 

;robabilities associated with the F-tests for each source of variation 



150 

APPENDIX TABLE 3. LEAST SQUARES ANALYSIS OF VARIANCE USED TO TEST THE EFFECT 
OF MARE AGE ON HEART GIRTH MEASUREMENTS OF 1982 FOALS. THE 
MEASUREMENTS WERE ADJUSTED TO THE CONSTANT AGE OF 30 DAYS l. 

Source of Degrees of Ueari square F value Probability 
Variation Freedom (P < ) 

Farm 12 5121.193 2.56 .01 

Sex 1 571.199 .29 .59 

Month 3 15582.305 7.78 .01 

Mare Age 2 4495.6177 2.24 .11 

Mare Age x Month 6 2158.9836 1.08 .38 

Error 76 2003.069 

Total 100 

1Analysis of variance including mare age effects, for all body measurements at 
each constant age, follows the same model. 

2Probabilities associated with the F-tests for each source of variation 

2 
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APPENDIX TABLE 4. LEAST SQUARES ANALYSIS OF VARIANCE OF THE HEART GIRTH 
MEASUREMENTS OF 1982 FOALS, OBTAINED IN JANUARY OF THEIR 
YEARLING YEAR. l 

Source of Degrees of Uean square F value Probability 2 

-Variation Freedom (P <) 

Farm 12 11529.672 7.32 .01 

Sex 1 141. 332 .09 • 77 

Month 3 59834.323 37.98 .01 

Sex x Month 3 1617 .577 1.03 .38 

Error 110 1575.512 

Total 129 

1Analysis of variance for all body measurements obtained in January and and July 
of the yearling year follows the same model. 

2Probabilities associated with the F-tests for each source of variation 
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APPENDIX TABLE 5. THE ANALYSIS OF VARIANCE OF SERIAL HEART GIRTH MEASUREMENTS 
OF 1981 FOALS THAT WAS UTILIZED TO GENERATE A REGRESSION 

EQUATION DESCRIBING THE GROWTH CURVE FOR HEART GIRTH 1 

Source of 
Variation 

Farm 

Sex 

~1onth 

Farm x Sex 

Farm x Month 

Sex x Month 

Horse2 

Age 

Age x Sex 

Age x Month 

Age x Age 

Age x Age x Sex 

Age x Age x Month 

Err.or 3 

Total 

Degrees of 
Freedom 

11 

1 

3 

10 

23 

3 

69 

3 

1 

3 

315 

445 

Mean square 

16790.244 

1679.2364 

1256.2028 

4793.9956 

4368.8265 

3773.8177 

5078.6254 

16591. 064 

199.0114 

1227.6443 

7211.5819 

123.5732 

992.360 

410.8946 

F value 

3.31 

.33 

.25 

.94 

.86 

.74 

12.36 

40.38 

.48 

2.99 

17.55 

.30 

2.42 

Probability 4 

(P< ) 

.01 

.57 

.86 

.so 

.65 

.53 

.90 

.01 

.49 

.03 

.01 

.58 

.07 

1Analysis of variance for all serial body measurements follows the same model 
2The mean square for horse was used to test farm, sex, month and their interactions 
3 The error mean square was used to test horse, age, age x age and their interactions 
with sex and month; derived from a model where horse and the main effects were 
absorbed. 

4Probabilities associated with the F-tests for each source of variation 
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THE INFLUENCE OF MONTH OF BI.ETH ON GllOii'!Ui AND 

D.EVELO:PH.BlilT 01' 

TBOBOUGBBBED FCALS AND YEABLINGS 

Lauren .Elaine Goater 

{ABSTEACT) 

Thirteen Thoroughbred farms in Virgin.ia provided 

260 horses for the study of growth patterns of .horses 

from .birth to Ju.ly of the y€arlinq year. Measuremeilts 

included heart girth, vither and hip height, body 

length. chest ~idt.h, knee to ground 1enqth. cannon bone 

circumference and body weight, as estilllated by heart 

girth.. Quadratic regression :equations, adjusted for 

t.be effects of farm, sex and mo.nth were deve.loped to 

describe the growth. of foals.. £oals bor,n in January-

Pebcuary were smaTlest overall a·t birth, 30 and 90 d-

of-a9e (P< ,. 01) May-June foals v,ere largest. at .birth .. 

Differences in wither height, body length and body 

weight of :foals born in May-.June vs in January-l"ebrua.cy 

at 30 d-of-aqe, were 1.7, 3.8 cm and 21.6 kg, respect-

ively; At 90 d-of-age, differences were 1.6,. 4 .. 9 cm 

and 13.3 .kg, respectively.. Di.fferences in .size due to 

bi:r:th month were apparent up to 270 d-of-age. .tlay-Juue 

foals exkihited the fastest initial qrowth rate.. Colts 



were intermitt.ent.:ly iar-ger than fillies subsequent ·to 

150 d-of-age.. In Janu;u:y of the yearling year, birth 

mouch in.fl.uenced all measurements (P< "'01). .Foa1s born 

in January to March were .larger than foals born in 

April to June. In July of the yearling year, 

dif.tereuces were identified less o:ften a.nd actual 

differences in size were smaller than i11 January.;. 

Average differences in heart girth and wither height of 

foals born in .January t·o March compared to foals born 

in April to June JMe.re 8.4 and 5.1 cm in January and 5.2 

and 3.6 cm in Ju.ly o:f t.he yearling year. .Foals horn in 

April to June displayed larger gains du.ring the fi.rs.t 7 

mo of their yearling year -than did early-b.orn foals. 

Correlation coef.ficients between measures of foals up 

to 400 d-of-aqe decreased o:c re.mainEd the same~ Thus, 

growth in various proportions was asynchronous. 

Regression coefficients that described th·e resemblance 

between withec .heights .of parents and of:fspri.ng 

increased with age and were bigh.e.s·t in Jul1 of the 

yearling year. 

coe.fficients of 1982 

30 d-of-age to .78 

Of.fspring-midpa.rent :regression 

foals increased from .50 ±.18 at 

:t: .. 11.J at 400 d-of-age,.. the 

regression coefficient i.n July &ias .84 ± .. 15. 
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