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INTRODUCTION

Most Dbreed associations have adopted the auniversal
horse birth date of January 1. Therefore, many horse owhers
now emphasize early breeding in order to produce futurity
prospects or young horses for the show circuit. Producers
of yearlings are concerned primarily with the short-tein
goal of obtaining the highest prices for their horsesa.
Buyers traditionally, have paid more for a large-framed,
well-muscled yearling, assuming that the larger the horse,
the sooner it can begin training and coampetition. .

it has seemed logical tc horse breeders that foals born
earlier in the calendar year are larger-framed and heavier
at a laiei fixed date than £ocals born later.  Thas, ouners
of race horses are most concernsed with the production of
early foals. However, breeding to rproduce foals early in
the  calendar year 1s costly 1in terms of reproductive
efficiency; neither the staliion notr . the mare are
physiologically or behaviorally adapted for such an early
breseding sSeasona.

Therefore, this study was developed with the following
objectives: |

1. To obtain defipitive ianformation - on growth
patterns of Thoroughbied foals from birth to the
supmer of their yearling year.

1
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2. To evaluate the iafiuéﬁce of month of birth oam
growth and development. |
3. To develop equations that predict and describe
the paitérns of growth im wvaricus parts ©f the

bodye.

If it could be established that foals born later in the
spring were not at a disadvantage in terms of size, matﬁxity
or racing ability compared to foals born in Janmary and
February, the emphasis placed on an early-breeding schédnle.
could Dbe adijusted. In order < to <convimce horse cuners,
buyers of prospective race horses and futurity prospects,
stud farm managers and breed asscciatioans to make amny change
regarding currert panagement  practices, the relatioanships
between birth momnth and size or ability need to be studied.
Previous researchers have alluded to the idea that there are
no differences in size beiween early- and later-bors foals,
once a particular age is reached. However, many of those
studies were <conducted with small nupbers of animals and
many fagtorsuthai could influence growth and size were
ignored. A recent study, conducted with 1100 Thoroughbred
foals, ¥as ﬁeéigned much like the proposed project.
However, it was conducted in Canada, where enviromzental and

seasonal conditions differ from those in Virginia.
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None of the established growth studies of @ horses have
been conducted in Virginia, nor have the effects of month of
birth or sex on ¢growith been determined at constaant ages and
at constant dates.: Thus, the proposed research would
increase our knowledge and understanding o©f +the growth
patterns of Thoroughbred foalsa. Additionally, conclusions
drawn from the proposed study could be useful to individuals

raising other breeds of horses as well.



REVIEH OF LITERATURE

‘Growth and development

Growth can be defimed as a biological synthesis.
Development can be Jefinred as specialization of that matter
which is synthesized. Thus, the two phencomena can occur
either simultaneocusly or iﬁaepenaéatly', Upon - reaching
mature size, an animal has ceased visible growth yet
howeostasis, - the balance of catabolisa and amnabolism - of
physical constituents, maintains a constant mature size
{Brody, 1945).

The growth of imdividuals and populations has been well
studied and characterized. Brody - {18453) reported that
growth curves were asymptotic. THus, they becanme
curviliunear with tipe. The inflectiﬁn‘fpoiﬁtiih~ihe growth
curve, between the linear and guadratic protions of the
curve, was equated with puberty. Is general, Quherty in the
horse occurred at 18 mo-oi-age and at a body weight egual
to 68% of mature size {Willoughby, 1975).  In comparison,
cattle and sheep had 30% of‘ theilr mature body weight at
puberty {Brody, 1927).

eptimﬂm growth or maximum growth and superior growth
are not Syngnymoﬁs, Brody - {1945) stated that superiority

implied efficiency and vitality while the mpost rapid growth
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#as associated with the highest early mortality.  Russell
{1569) and Joubert (1963) noted that in domesticated species
of cattle compared ®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 copstant relationship
between the inflection point and the onset of puberty. They
suggested that optimum growth dissrupted the relatiocnship
between normal growth and normal reproductive function.
In 1978, the NBC stated that theiﬁ estigaied growth

curves for horses of various mature weights wmere

Boxamples rather - than  models of grosth curves

because the guestion of how fast a bhorse should

grow for maxinum performasnce and soundness remalians

gnresolved¥.
Actual growth curves of imndividual body parts could serve as
an index to proper feeding and management by pointing out
critical periods of growth and developmesnt {(Heird, 1973).

Many investigators have attempted to characterize the

size and scale of various breeds of = horses, including the
Thoroughbred horse (table 1). However, these measurements
are 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]’?OR AT MATIjRITY3.

Body measurement

Wither - Heart Cannon bone

Horses . Number =~  Weight height girth circumference

(kg) (cm) : (cm) (cm)
Foals! 55 42.7 92.8 78.6 11.8
Stallions® 8 - 166.1 - -
Stallions2 6 - 162.0 - -
Stallions> = 545.0 162.0 - -
Mares3 - 500.0 160.0 - -

;McNellis, 1945
Dinsmore, 1959
Willoughby, 1975
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The growth rates of different breeds are similar, yet
their mature sizes differ. Thus, stages of growith are
commonly expressed as percentages of the mature size.
Percentages are most meaningful when comparing different

breeds or sexes withim a breed.

Degree of mature size at-birth aund the age of maturity

v s A —

At birth, horses possess a Jlarger progortion of theix
mature limb length compared to the proportion of their
mature body mass at birth (table 2). The percentage of
ﬁature weight at birth was vlower tham the percentage
maturity of all other measurements at birth. Likewise, the
percentage increase in weight from birtk to Eainrity was
greater than the percentage increase. im all other conforma-
tional components during the same:perioﬂ- On the  other
hand, the proportion of the mature length from knee to
bground, an indirect measure of canncn bone leagth, was
‘largest at birth and the least percemtage increase in length
£rom knee to ground - from birth to maturity was observed.
Trowbridge and Chittendor (1932) reported that at birth, 32
and 67% of wither height were due to chest depth and leangth
£rom chest floor to ground, respectively. At five yr-of-
age, chest © depth made up 48% ¢f wither beight.
Foijciechowski ({1965) reported that the postnatal increase in

limb length was minimal when compared to growth in other



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

increase from

of mature size at birth birth to maturity

Measurement A1 B2 C3 Da
Wither height 62 79 62 58
Hip height - - - 54
Body weight 8 - 10 932
Knee to ground 82 94 - 26
Elbow to ground 71 - - -
Cannon bone

circumference 59 75 ) - 65
Body length 45 65 - -
Chest width 39 64 - -
Heart girth 42 - - 124

Cunningham and Fowler, 1961
Heird, 1973

Hintz et al., 1978

Trowbridge and Chittendon, 1932

W N
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parts of the body.. This further iliustrates that
quantitative postnatal growth of body mass is proporticmnally
greater than growth of skeletal frane.
Because foals possess varying degrees of maturity ia
specific body measurements at birth, it is @ot surprisiag

that they attain wmaturity isn particular measurements at

diverse ages. Beed and Dann {1577) and Cunninghar aad
Fowler {1861) reported that females reached mature
proportions eariier than did males {table 3) - In

.comparison, Heird {1973) suggested that the age at maturity
was equivalent f£for both sexes. In all of these studies,
measurements were not obtained between 48 and 60 mo-of-agea. .

Thus, the accuracy of obtaining age at maturity was limited

to 12 RO. | Furthermore, there were considerable
discrepancies between eported ages at maturity,
particularly for the length from knee to greund. .  The

ﬁiscr9§aﬁcies were due %o a very small increase in the
length from knee to ground from 6 to 60 mo-of-age. Beed and
pDunn {1977) reported the age at maturity as 60 mo-of-age
while Cunningham and Fowler {1361) were less précis&.” They
assumed the sizes at 6 and 18 mo-of-age of males and
females, respectively, to be pature.

In general, horses rs=ached nmature skeletal dimensions

before they attained 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 Females
Wither height 60 48 60 48 36 36
Hip height 60 36 60 48 - -
Knee to ground 60 60 6 18 60 18
Body weight 60 60 60 60 - -
Body length 36 36 36 48 48 60

1Reed and Dunn, 1977 : Arabian horses

2Cunninghan and Fowler, 1961 : Quarter horses

3Heird, 1973 : Quarter horses
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surprising as foals are born with a larger proportion of
their mature l1imb length relative to body Bmass.. The
maturation ip length from knee to ground occurred earlist inm
foals followed by the maturation of body iength, hip heigat
and wither beight, respectively. Mature body weighkt wmas
acheived after all skeletal componeants had reached mature
size {table 3).

The daily guantitative regquirements fer protein,
calcium and phosphorus and the percentage of dietary energy
is greater for horses from birth to 24 mo-of-age thkam for
horses cider than 2 yr-of-age {(BRC, 1978). In addition,
protein guality, particularly lysine availability, is more
critical for young growing animals than for mature horses
{0tt et al., 1979). Colts fed diets containing either milk
protein or linseed meal plus Eysiﬁe gained more weight, had
greater npitrogyen retention and exhibited a higher feed
efficiency than colts fed a diet costaining linseed meal as
the only protein source {Hintz et al., 1971).  Thus, the
importance of proper nutriticn for the young asnimal can be
emphasized. Dietary regquirements are greater for younger vs
older animals, and most of the linear or skeletal growth

must be acheived by 12 to 24 mo-of-age (Heird, 1973).
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y
Differences-in-gize between pales and-females-

Heird {1973) and Hintz et al., ({1879) reportad that
colts were heavier and taller than fillies at birth. During
groatﬁ, colis were generally larger thap £illies {Dawson et
al., 1%45; Heird, 1973; Hintz et al., 1979). Furthermore,
differences in  size between mature males apd  females have
been observed for Arabians, Thoroughbreds and Quarter horses
{tabie 4). Mature males were heavier, taller at  the
withexrs, hip, knees and hocks, possessad more forearn
muscle, chest width and a greater c<annon bone circumierence
than did females. However, females were longer téan Balies
{Cunningham and Fowler, 1961; Heird, 1973; Willoughby, 1875;
Beed and Dunm, 1577). Similar comparisoas for weight aad
bheight between mature mpales and females of Belgian, grade
draft, Horgan and grade light breeding were made {Dawscn =2t

al., 1945).

Growth rates-in various portions of the pody-

To characterize = growth patterns, it is anecessary to
obtain  measurements at intervals throughout the . growing
phases. The rate of growth changes from birth to maturity
{Brody, - 18435). Additionally, growth rates differ Lketween

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

3 4

2 Quarter Quarter 5
Measurement Arabilans horses - horses Thoroughbreds
Body weight (kg) 19.5t 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.

Reed and Dunn, 1977
Cunningham and Fowler, 1961
Heird, 1973

Willoughby, 1975

&~ LN

wn
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Growth of Thoroughbred and pony £cals was more rapid
from birth to 3 mo-cf-age yhen: compared to grosth betwesn: §
and 12 #n—@f-age {Sojciechowski, 1965; 6Goyal et al., 1981).
Green (1976) observed that Thoroughbred colts bornm from
February to June exhibited a period of rapid growth from 13
to 18 mo-of-age in conjuncticn with spring and early summer
pastures or pre—-sale conditioning in the late sanner.
Growth was less intense from 18 to 36 mo—oifi-age and was more
variable due to various traiming and nutritional regimens.

The iacrease in body weight of ponies or Quarter horses
was fairiy constant £from birth to 3 mc-of-age but the rate
or gain decreased with increasing age. {Jordan, 13773
HcKeever et al., 1981). The curvilinear nature of gtowth im -
various measurements is exemplified by the amoumt of gaisn
exhibited by horses during various age intervals {takle 5)
and by the percentage of mature size acheived by horses at
various ayges {(tablie ®6). . HNales of +the Arabianm breed,
2xhibited greater increases in wither height, hip height,
body length and body weight £rom birth to 12 mo-of-age thanm
did females {Reed and Dunn,1977). Qaa:tﬁx horse colts had a
greater increase in wither height and canpnon boxne
circumference from birth to & mo-of-age than did fiilies
{icKesver et al., 1581).  In contrast, Heird {1973) stated

that from birth to 6 mo-of-age, Cuarter horse fillies grew
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THE INCREASE IN SIZE OF CONFORMATIONAL COMPONENTS OF FOALS

WITHIN AGE INTERVALS.

Breeds investigated

inﬁiival Arab:i.an:‘;'1 Thoroughbréds2

Measurement (months) males females faals
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

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

Breeds investigated

Thorough.br:eds1 Quarter hox:ses2 Arabians3
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 84.5 - -

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 - 77.0 86.7 - -

18 - 87.4 94.6 - -
Cannon bone
circumference 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

lHim:z et al., 1978
2Curmingham and Fowler, 1961
3Reecl and Dunn, 1977
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faster than males. Cthers reported egual gains by males and
females up to 12 mo—-of-age {Cunninghas and Fowler, 19613
Wojciechowski, 1965; Greem, 1963).

Fepales generally attained wmature proportions before
males {(tabie 3I). Horeover, fillies were  gemnerally more
mature than colts at various ages during growth ({table 0).
The relationship of greater maturity im bedy weight, wither
height, chest width and cannon circumference at 6, 12 and 18
mo—~of—-age for females vs males can be related to spaller
" mature proportions exhibited by females wvs pales {table i).
Body length of females was at a lesser stage of maturity
than body length of males at 1Z or 24 mo-of-age {Reed and
Dunm, 1877). In addition, maturse length of femalses was
greater than that of males {table #4).

Brody's {1945) growth curve eguation is wmritten

* -kt
Wt = A{(1-B )

where #t is weight at time t, A is the mature weight, B is a
constant of integratiom anmd k is the maturing rate. Brown
et al., {1972 reported a strong negative corrélation
between A, the mature weight, and k, the maturing rate for
Hereford and Angus cattle. They concluded that amn animail
that matures earliest will possess the Smailesi body weight.
FPitzhugh and Taylor {1871) further concliuded that

individuals that were more mature at any age were lighter at
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maturitv. Researchers, yigviousiy_ mentioned, w#hc have
stuﬁieﬁ eguine  groxth, have =not utilized standard growth
curve eguations to c%aracierizev grosth. However, simila:
conclusions about maturing rate and its relation tc mature
size can be drawn.

In geaeral,  f£fillies were smaller at pirth  and
thereafter . to maturity, Were more mature than colts
throughout the growth phase. Additionally, fillies attained

mature sige at a younger age than did colts.

Yariability in-peasurenents-

The standard deviations of most body measurements
increased from birth to maturity. {Cusnimgham and Fowler,
1861). For example, the standard deviations of birth weight
were 5.0 kg for males and b.4 kg for females. At 5 yr-of-
age, they were 36.3 and 54.4 kg for males and .fémales,
respectively. Hosiever, the ccocefficients of variation of
birth weight and weight at 5 yr-oi-age wers ‘19.8 and 6.7%,
respectively, for males, and were 1.4 and 10.2%,
respectively, for females. As horses matured, they becane
maore uniform in size. The least variability among measures
was 1in those inflneaéeé by skeletal development such as
wither height and length of head. Heart girth and bedy
welight were most variable as they depend, to a great exteat,
on general physical condition, traiming, etc. {Cunningham

and Fowler, 1961; Green 1961; Beed and Dunn, 1577).



18

‘Correlations between various body measurements.

The relationship betweesn growth in warious parts of the
body can be determined by correlation ccefficients.  For
instance, 92% of the variation in heart girth was associated
with wvariation inm body weight {Cunningham and Fowler, 1561)..
However, only 19% of the change im body weight was related
to am increase in  the length from knee to ground {Heird,
1973). The increase in liab length is less than the increase
in size of body mass from birth to maturity.

Correlation coefficients can also be used tc determinme
if mature size «can be estimated from neasurenents obtained
at birth. Hintz =2t al., {1878) observed that the
relaticnship >or the «corrslation betweenm birth weight and
body welight at 4, % or 12 mo-of-age decieased over time
{table 7). A similar trend was observed for wither height
at birth and at the various ages. In contrast, Reed and
Dunn ;19?7) established a growth curve for wither height
that enabled them to estimate mature heigit from the height
at birth.

Heird {1973) suggestﬁdbi%at bone size wWas iaﬂicaiiv& of
overall muscliaqvaad maiurﬁ size. High correlations between
cannon bone circumference or muscling and skeletal size have

been reported {table 8). Muscling was determined from



‘TABLE 7. CORRELATIONS BETWEEN MEASUREMENTS AT VARIOUS MONTHS OF AGE FOR 62 THOROUGHBRED FOALS1

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 Y .49 .23 .28 .46
4 1.0 .89 .69 .23 .71 .65 .45 .33 .39 .36 .55
6 1.0 7 .67 .24 .61 .61 .37 .38 .35 .37 .53
12 1.0 .24 .51 .57 .55 .29 .24 24 .64

Wither height 0 \ 1.0 .37 .37 .20 .38 .09 .12 .19
4 1.0 .86 .70 44 W47 .41 .48
6 1.0 .77 .34 .32 .41 .54
12 1.0 .23 .32 .27 .53

Cannon bone )

circumference 0 1.0 .30 .19 .33
4 1.0 .42 .32
6 1.0 .37
12 1.0

lFrom Hintz et al., 1978

0t
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TABLE 8. CORRELATIONS BETWEEN CANNON BONE CIRCUMFERENCE
» AND VARIOUS MEASUREMENTS OF QUARTER HORSES

‘Individual studies

) 1 ‘ l‘L
Measurement Heird and Fowl

Wither height

.89

.95
Heart girth ,89 93
Forearm muscle .84 .87
(¢ircumference)
Width of quarters .86 91
Body length .86 .90
Chest width .77 - 88
Body weight .81 .90

lieird, 1973

2Cunningham and Fowler,

1961
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circumferential measuxémants of the forearm and gaskis
muscles.  Hintz et al., {1578) reported  that the
correlations between weight or height and <caannon Lone
circumference increased with age. The highest correlation
between wither height and cannon bone circusmference was
obtained at 12 mo-of-age {r=.564; takle 7). Perhaps the
differences in these data can be attributed to breed
conformation.  Quarter horses {Cunningham and Fowler, 1961;
Heird, 1973) 15%78) are generally more compact amimals, with
heavier, more massive musciing and bone than Thorougkbreds
{dintz et al., 1978)..

The correlation between age and circunference of the
forears muscle was .51. Thus, mwmuscling was depepdant to a
large sxtent on factors other than age.. Forearm nuscle
circunference was highly correlated ;r=-92): with chest
width. As the amount of wmuscliag increased, the animal
became broader (Cunninghaas and Fcwler, 1961).  Heird (1973)
reported a correlation o0f .75 {r) betueen chest width and
forearm muscle circupference..

agé was not  highly correlated mith the dJdistances fronm
knee or hock to ground; r= .22 and .37, respectively
{Cunninghams and Fowler, 1561). These are reasonable
figures; foals possess a high degree of mature size in these
proportions at birth and they reach mature size at a young

AYLa
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Bone-growth in-horses-

Various portions of the eguine physigue are at various
stages of maturity at birth and throughout growth. Likewise,
skeletal growth im wvarious locatioms  is asyschronous and
nonlinear. In general, long bone growth was rapid prior to
80 d-of-age. Thereafter, theres was a gradual decrease in
growth rates; no obvious lags or spurts were noted (Campbell
and Lee, 1981) - Meakim et al., {1981)  indicated that
progressive miperalization {bone mimeral content as
determined by ash) of the third metacarpal of weanling focals
was curvilinear between 120 and 470 d-of-age. Fifty-three,
87 and 100% of the total growth at the proximal radial
cartilage was present at 3, 12 and 18 mo-cf-age,
respectively. 50¥evér, growth at the distal radial
" cartilage was wmore linear.

At birth, 6 to 7 epiphyseal plates were not ossified in
Quarter horse and Thoroughbred ' foals {Campbell, 1977) -
Between birth and 12 mo-of-age, the pkaiangeal plates
ossified {table 9). From birth to maturity, less thap 5% of
the increase in height was attributed to growth in carpal
and metacarpal areas {(Heinze and lewis, 1969). Likewise,
the length of ‘the metacarpals, metatarsais and phalanges
increased bnly 5 to 10% of their original length compared to
a 50% increase 1in length of cther bones {taﬁ§§ell and lee,

1981) .
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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.

‘Growth rate6

Long Bone Age (mo) at epiphyseal
ossification1’2’3’4’5 (ug d-l)

Distal third metacarpal 10-18 ‘ 73
Proximal first phalanx 12-15 63
Distél first phalanx 0-1 -—
Prqximal second phalanx 9~-12 32
Proximal radius 15-20 123
Distal radius 30-36 165
Proximal ulna 24-36 -
Distal ulna 6- 9 -
bProximal humerus 18-30 168
Distal humerus 14-20 88
Proximal tibi; 24-30 198
Distal tibia 18-24 178
éroximal femur —-— 207
Distal femur - 24-30 192

lMyers et al., 1966
2Heinze and Lewis, 1968
3Morgan, 1974
4Campbell, 1977
5Campbell and.Lee, 1981
6Goyal et al., 1981
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When comparing the rate of growth of two opposing
epiphyseal plates, growth was most rapid at the extrenmity
where the epiphysis was last to unite {table 93 Geyal et
al., 1%81). The ratio of proximal to distal radial growth
from birth to maturity was 36:64% (Heinze and Lewis, 15&8)..
A similar ratio of 37:63% was reported {Campbell aznd lee,
1981).  Growth at the proximal humeral extremity accounted
for 75% of the total increase in the humerus. In both the
femur and tibia, growth at the proximal eXtremity
predominated; the ratios were 55:45%.

Growth was more rapid 4im the hind limb. than im the
forelimb {Goyal et al., 1981). Closure of the distal
bmetatarsals was later than closure of the distal metacarpals
{kruger, 19339; Heinze and 1Llewis, 19683  #Horgan, 19743
Campbell and Lee, 1981) .. The total imcrease in 1e3gth of
the tibia was greater than the increase in length of any
other bone. The ratio of tibial to radial growth in the
 foal was 1.3:1 {Canpbell and lee, 1981).

Between 52 and 104 d-of—-age, growth rates at-all of tie
extremities were slower in females than in . males {Goyal et
al., 1981). Additionally, Hyer et al., {(19686) repocrted that
ossification of most epiphyseal plates OCcnrraa eariier inm

fillies than in colts.
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(o

eritability of body measures

The total phemotypic wariatiom in a population 1is due
to environmental influences, heredity and their interaction.
Heritability estimates are based on the reseamblance between
relatives, for instance, the degree of resemblance beiween
parents and their offspring. Thus, an estimate of the
correlation between the phenotype and the genotype can be
cbtained. {Lasley, 1872).

The mature weights of sires and dams of 409 American
bred draft colts were 930.1 and 788.5 kg, fespectively.
{Crampton, 1923a) . The offspring?s mature weight was
between its parents weights. Furthermore, the mature wm2ight
of colts was closest to the wseight of their sires while the
mature Heig&t of filiies was closest to the weight cf their
dans. Thus, the seight of offspring was influenced by both
of its parents heights and by sex.

The heritability estimates of various body Beasures
varied widely amon§ researchers {table 10). Hintz et al.,
{1979) aand Kow&acki et al., {1971) =noted that heritability
estimates increased with age. Heritability estimatses for
various boﬁy measures, based on intraclass correiations of
paternal half-sibs among 599% mares, were highest at 5 yi-
of-age {Varo, 1565) . The heritability e2stimates of

conformatiopal traits in male offspring were higher than



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

Individual studies

Measure
Al B c3 p* E° Fo

males females
Wither height .996 .628 .42 .391-.68 .33-.88 .6572-.778 .265-.520
Body length .385 -—-- --- .225-.645 -- -- --
Heart girth .26 .118 --- .319-.642 -- .358-.555 .125-.359
Cannon bone .
circumference .13 .284 .25 .276-.558 A7-.77 .438-.779 .225-.534
Body weight -- 274 --- -- .21-.90 -- --

LT

Barauskas, 1975 : 60 ponies, dam-daughter pairs

Dusek, 1965 : 130 halfbred Thoroughbreds, dam-daughter pairs

3Khotov, 1971 : dam-daughter pairs, warm-bloods

4Ka]mykov, 1973, 1974 : 1855 'Standardbreds, offspring-midparent correlations

5Hintz et al., 1979 : 1992 Thoroughbreds, h2 calculated at 0 to 44 and 450 to 714 days-of-age
6Kownacki et al., 1971 : 2582 horses, unknown breeding

1
2



28

those calculated for female offspring {Kownacki €t al.,

1971) .
Influence of ade of the parent on size of the foal at tirt

and-on-its development-

Maternal age may influence the size and development of
its offspring. Dags less than 7 and greater tham 11 yr—-of-
age had lighter foals at birth than did mares 7 to 11 yr—-of-
age  {Hintz et al., 1979). Differences among foals, ifronm
mothers of different ages, persisted antii foals reached
510 d-of-age. The same trends were observed for wither
height amd cannon bone circunference. 1n contrast, Rmare
age did not affect the size of Cunarter horse foals from
birth to & mo—of-age {(HcKeever et al., 1981).  However, the
sample size in the study of (Quarter horse foals was
considerably smaller {27 foals), thus differences may have
been undetected. Jordao and DeCamargo {1950) reported that
neither mare nor stallion age influenced the wither height

of foals at birthe.

Nutritional-influences on-egquine-growth-

s o S P A

Crampton {19233) stated that proper nutrition of the
growing horse, particularly during stressful periods allows
an animal to reach its maximum potential.  Draft colts that

were fod a limited graim diet during their first 3 yr of
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life, had skeletal mneasurenments similar to those o©f cclits
that received a spore liberal diet (80.22% more grain aad
22.7% less hay) {TIrowbridge and Chittendon, 1932). At 3 yr—-
of-age, limit-fed colts were 48.1 kg lighter tham liberally-
fed colts. The liberaliy-fed colts cozsmanded a higher sale
price but had less endurance fsr $OLKa. | Dawson 2t al.,
{1945) noted that inmadeguate anutrition {range wintering)
affected weight more than height in é6~m0o to 5-yr-old horses. .
The borses not subjected to adverse environmental conditions
weighed 45.3 kg more and %efe 3.81 cm taller at the mithers
at matﬂrity than range-wintered horsesa.

Heanlings téat were restricted nutriticnally‘fcr 4 mo,
then fed ad 1libitum for 4 mo, developed contracted teandoans
{Hintz et al., 1976). However, weanlings that were full fed
for 8 mo did not exhibit similar problems. Height gains of
both groups, while recéiving feed ad 1ibitum, vere similar.
After 8 to 9 mo of receiving full feed, and in: spite of
continuous weight gains, the angle of the fetlocks returned
to ﬁoxmal. Thus, iacreasing body weight was not detrimental
to the recovery process. . Geyal et al., {(1981) reported mo
significant correlations between weight gain and grosth rate
at the extremities of limb bones of foals from 52 to 104 4-
of-age.  Contracted tendons were observed ip yearlisags

- {Hintz et al., 1974). The horses were unhealthy, heaviiy
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parasitized and swall for their age. Within 2 =mo of
consuming a ©5% TDN diet‘ ad libitﬁ&, 4 of 6 animals
developed contracted tendons and 2 of the 4 exhibited
anterior deviation of the metacarpo-phalangeal Jjoints.
Liberally—-fed colts were Rmore sncceptihie to problems of
feet and leg soundness in comparison to limit-fed colts
{Troubridge and Chittendon, 1%32).

Stromberg {1979) attributed the development  of
osteochondrosis dissecans in young horses to a genetic
predisposition for rapid growth combined with excess dietary
energy Aintake. Iransition of cartilage to bone was
disturbed and contcurs of the ossified articular cartilage
were altered such that subchondral bene cysts developed.
Basal -layers of thickeaed retained cartilage became .
Necrotica. Resulting fissures ¥ere 'erlaced éy
fibrocartilage rather than normal, hyaline cartilage. Thus,
a general skeletal weakening diminished the usefulsess of
the horse. Stromberg (1979%) did not relate excesses oi
dietary protein, vitaamins or minerals to the deveiopment of
the <condition. He  did mnote that the  incidence of
osteochondrosis dissecans was twice as great in males as in
females.

Epiphysitis, a disruption of normal growth at the

diaphysis, is sipilar to osteochondrosis dissecans.
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?6331%1@ causative agents of epiphysitis are lack of
unrestricted exercise (Owen,1975), mineral imbaiaacﬁs,
excessive dietary protein and eaexgy, or any comkination of
factors {Coffman, 1973; Hiptz and Schrﬂyver,k197§;.

Proper nutrition throughomt growth is critical to
proper development; neither  under-mor over-feeding - is
beneficial. However, antil the optimum growth rate of the
horse is elucidated, the nutritional regquirements mneeded to

achelve optimum growth will remain an egnima as well.

performance-

Thoroughbred fcals born in April, Hay or Juns were
significantly heavier, taller at the withers and had greater
cannon  bone. circumference +tham foals born in January,
?ebrﬁary or Harch (Hintz et al., 1978) Differences
persisted until 18 mo—of-age. Further exaamination <f the
data revealed that at a conpron date of Sept 15 {weanling
year), - foals born January 315 mere 76 kg heavier and 8 cm
taller than foals bora April 15. However, 11 mo later, in
August of their yearliag year, differences had decreased to
30 kg of body weight and 2.7 cm of height at the withers.
lcKeever et al., (1981) studied the changes im body seight,
wither height, cannon bone circamference, and the distance

from knee aand hock to ground of 27 Quarter horse foails from



32
birth to 6 mo-of-age. Cnly the rate of cannon kone growth
and the increase iﬁlﬁistaace irom hock to ground varizsd due
to month of bizih. Foals borm im April and May gained more
length f£from the hock to the ground than £foals borm in
February, #arch aad June. ‘The rate of increase in cannon-
bone circuaference w®as greatest for foals bora iB'JQBQ, as
previously meﬁtianéd, the sample size and subclass pumbers
in this study were small, particularly in February and Jane
{1 and 2, respectively), thus, the reliability of Iesults.is
guestionable. Neither Greem {1%69) nor ﬁojciechqaski {1965)
é%servad differences in growth rates between foals bkorn in
January or February vs foals born in March, April or MNay.
¥hen comparing foals of indigenous breeding, those korn

in the spring were taller and heavier at birth than those
born in the fall {Lokman azrd Marimac, 1952). The difference
was reversed at 1 yr-of-age.  Focals born in the fall showmed
a more rapid post-weaning gain, because they were weaned ia
the late spriang, compared to foals born in  the spriung and
weaned in the fall.‘ Conversely, Jordao and DeCagargs {1950)
reported that foals borm from May to Sepiember were smaiier-
framed - foals at birt% than those born from October - to
December. Also, shorter gestatioa periods mere associated
with the smaller foals. Hintz et al., (1579} ©poted that

mares with late spring foals =not only had gestation periods
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of 3 4 less than early foaling mares, but their foals wers
larger at birth. Hares exposed to 16 & 1light=8 h dark
prepartum, had shorter gestations {337 d) than mares sxposed
to natural lighting (348 d) {Hodge et al., 1581). Houwaver,
the measurements at birth of weight, cannon: bone length,
cannon bone circumference, wither height and heart girth of
foals were not different between groups. Thus, there is a
possibility that photoyerioﬁ influences the ‘nnset' of
parturition, prenatal growth and fetal deveicp&gnt.

There has been méck.sgecnlatiga on the magical formula
for prodacing a winaner. Limited scientific data ~are
involved in the speculation.  However, an imvestigation of
the 1l1ifetime race performance of 1822 Thoroughbreds was
conducted at Claiborne farm in Kentucky. Foals born in
January and June had io&er lifetime earnings and an average
earning index {AEI) one third less than iﬁe AEI of horses
born from late February to HMave. The percentages of stakes
winners, winners and non-starters, calculated from records
of all foals born in each momth, did ﬂet..varfvamoag birth
months. An interesting mnote was that racing age, or the
date of the first start, w%as no sooner in the early than in
ihe iate born foals. Thus, there was no apparent advantage
for the older horses at the race track 1Hnliiﬁgsacrth,

1975).
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The-influence-of-seaseon -on-reproduction-in-the mare-

ORI T, T g

The primary cause of reproductive ipefficiency 4in the
korse is due 1o the inconmnpatibility of the operational and
the physiological breeding seascns {Kenney et al., 1%753._
The operational seasom, based onm the umiveral birthdate of
January 1 {Jockey Clab, 1982), begins in Februwary and
extends to July 1. However, the mare 1is most receptive,
both physiologically and behavioraily, from Hay -io
Septenber.

Normally, estrus lasts for a period of 4 to 10 4 {Loy,
1967).  The normal cycle length is 20 to 21 4, estrus lasts
an average of 5.5 4, ovulation occurs 24 to 48 h prior %o
the end of estrus and the corpus luteum {Ci) is active for 2
to 13 4 (Hughes et al., 1972). Regression of the CL cccurs
3 4 prior to the oasei of estrus. Trum {19580) characterized
1543 =estrous cycles and reported that the occurance of
abnormally long estrous periods was most prevalent in the
early spring. Qf estrous pericds in March, april, May and
June to July, 18, 7, 2 and (0%, respectively, were lomnger
than 9 4. Coacurreantly, Loy {1887)  asand ﬁughés 2t al.,
{1872) reported that while 80% of mares responded to a
teaser ia #Hay, only 20 to 25% of mares exhibited behavioral
| estrus in January and February. Based on examipation of

5000 slaughter specimens, Osborne (1968) concluded that $1%
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of mares ovulated during the winter. iIn coantrast, Van
Niekerk {(1967) reported that during the winter amd spring,
85% of mares had 1little te no £follicular growth, iong
estrous periods or follicular development without ovulation.
In the sumder, 96 to 100% of mares in heat ovulated.

As the supmer solstice {June 21) approaches, there is
an increase in pregnancy 1rate and a decrease in rsquired
services per conception:. {Kenney et al., 1975). First
service pregnancy rates of 1777 guarter horse and
Thoroughbred mares were 44, 40 apd 54% for maiden, barces
and foaling mares, respectively fSnilivan a2t al., 1975).
The cunulative pregnancy rates following 5 services were 84,
74 and B84% for - the three groups of mares, respectively.
Hutton and Meacham (1968) calculated several ratios in am
effort to characterize the reyioductive gfficiency of horses
at 14 farms. There were an averagé of 1.58 estrous periocds
per mare, 1.64 services per period and 2.539 total services
per mare during the breeding seascn until @mares dere
pronounced in foal. Caslick ({1937) reported that the
average Thoroughbred mare reguired +three periocds of service
for conception.

Contéptioa rates of mares kied in January and February
were 28.6 and 27.8%, respectively {Hution and Meachan,

1968) »  Jennings {1981) reported a 22.%5%% coanception rate for
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mares bred in February. Conception rates in May, June and
July, increased to 57.2, 51.9 and 59.3%, respectively
{Hutton amd Meachan, 1968). Similarly, Jenaiags {1981)
reported higher rates of 53.2, 57.1 and 37.5% duaring the
respective months. There were a nupber of mares with
breeding usnscundanesses included with the data £for July
{(Jennings, 1981), thus, the conception rate im July was

lower than that observed by Hutton and Heacham {1968).

Ihe influence- of season-on reproduction- in the stallion

s

Season also influences the stallion's reproductive eff-
iciency. The effect of mopth and stallion on 180 paired
ejaculates {two ejaculates collected within 4 hr), obtained
from 5 staliions at weekly : interwvals, was studied {FPickett
et al., 1970). The mean volume of sSemen was 36.6 and 33.1
ml in £irst anmd second ejaculates, respectively.  Honth
significantly influenced the volums §f both ejaculates. The
mean volume in December was 25 ml compared to 50 mi  in
Marcha Sperm concentration, total sperm per ejaculate,
motility, mounts/ejaculate and reaction time wére influenced
by season. In April, first ejaculates contained an average
of 450 x 10% sperm ml—1; in Oct, they contaimed 30¢ x 19
sperm ml—i, Total sperm nunbers per ejaculate, collected in
May or November, were 12.7 and 6.6 x 109, respectively.

There was a consistent 50% reduction in spers numbers of
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second ejaculates. Hotility of raw semen was highest {60%)
in the winter or spring and lowest {(45%) in late suamer or
fall. Mounts per first ejaculate increased from 1.2 to 2.4
in April and October, rTespectively., The reaction time
increased from 206 s in August to 819 s in January. The
degree of sperw agglutination was highest in the fall mornths
and lowest in December and January. Clumping was prokably
related to gel-volume. There were nc seasonal effects on
pHa The pH of first and second ejaculates were 7.43 and
7.6, Tespectively. An increase in the contribution from the
accessory seXx glands accounted for  the higher pH in  the
second ejacuilate.

In a subsequent experiment of a similar design {Pickett
and Voss, *1972), wmost results were <comparable to  those
obtained by Pickett et al., ;3970). Howeveir, they found
that pH of raw semen inéreaseﬁ from 7.36 in May of the first
year to .7.57 during the following April.  The pE of
accessory gland f£luid is approximately 8.0, thus it was
concluded that increasing pH represented an iacreased ocutput
of accessory sex glands and{or) a decrease  in egididymal
contributions. 4 skim wmilk extender prevented spern
agglutination such that motility did not change with season..
Reaction time or the time between sight of the mare and full

erection was 47 s in May and 10.8 mim in Dec. In addition,
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the increased tendency for stalliions %o savage mares during

the non-breeding season was observed.

Aiternatives-to-early breeding-schedule

RS guee S E T A

0

B

The operational breeding season begins in ¥February
{Kenney et al., 1975) and does not coincide with the natural
breeding season of the horse. Therefore it seeas
impractical to breed mares before April. There is a general
conseasus among breeders that more abortions and general
reproductive problenms occur in mares bred in February rather
than in late spring. Thus, sarly breeding must be Jjustified
by another nmeansa.

Sullivan. et al., {1975) stated that the pregnancy rate
in mares could be as high as that observed im cattle.
Utilization of artificial insemipmation {(A.I.) coabined with
sound management could increase eguine reproductive
efficieﬁcy. The advantages of A.1. in terms of safety,
health and precision have been established {Jennings, 1581)..
Another advantage 1is that a large number of mares may be
 §1@& githin a shoxrt period of time.  Many breed associatioans
allow the use of A.I., howewver the Jockey tinh-{3§82).states
that |

3 foal is not eligible for registration unless it
is begotten by a stallion®'®s natural service of a

mare and unless a natural gestation takes piace in
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and delivery is from the body of the mare in which
the foal is conceived. Natural service ipcludes,
for the purpose of this paragraph, the impediate
reinforcement of the stallion's service by a
portion of the ejaculate produced by the stallion

during such cover®.

Thus, the Thoroughbred producers, in ordez :to
facilitate the servicing of 60 tc 8L pares per stallion per
year, pust breeﬁ‘ mares throughout a pericd of 5 @mo.
However, if it can be shouwn that foals bern in late sprgng
have an advantage in terms of growth rate and performance,
it would be most efficient and economical to adjust the
breeding season to ap April and May foaling schedule and to

#xplore new techniques and management schemes to allow such

a practice.



EXPERIMNENTAL FRCCEDURE

Data collection-
| Thirteen Thoroughbred = farms in Virgimia were utilizeﬁy
for this study. Becords were compiled oan 121 foals rorn inm
1981. The coatemporary group consisted of foals born in
January {7), Fehiuary {16) , March (33), April (44), Nay {(24)
and June {3).  Of the 121 horses, 67 were fillies and 54
were colts. Ffpals were sired by 85 different stallions.
Records were also obtained on 139 foals born ia 1982 at the
sape farms. The contemporary gyoup included foals borz inm
January {%), February (18), Harch (29}, April {48), ¥May {33)
and June {(5). Cf the 1395 horses, 71 uere iillias»and‘ﬁg
were colts. For the 260 foals born in 1981 and 1982, there
ware 145 sires and 196 dams represented.
Body measurements were recorded on - the foals borm in

1981 beginning in PFebruary of their yearling year.
lMeasurenents sere taken four times at $-wk intervals from
February through the third week in Jaly. Concurrently,
records were initiated on the foals bora in 1982, beginning
within 7 4 of birth (when possible) and were updated at 2-mc
intervals through the third week in July of their yearling
year. Several mares were sent to breeding farms prepartum
for foaling and rebre@éing, thus, dinitial measuiements on
their foals were obtained at approximately 3 mo-cf-age. .

40
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Eachk  animal was held to stand guietly and sguarely
during the peasuring procedure. Seven different
measuresents were taken on each animal.

Height at the withers: the vertical distance from the
highest protruding thoracic vertebza to thse
ground. :

Body length: the length from the poiant of the
shoulder to the furthest protruding point of

the buttocks.

Height at the hip: the vertical distance from the
highest point of the croup to the ground.

The length from the knee to the ground: the
vertical distance frosm the distal point of
the carpus to the ground.

Cannon bone circumierence:s the distance arouand
the midshaft portion of the third metacarpus.

Chest width: the horizontal distance between
the points of the shoulders. :

Heart girth: the circumference around the body
at the point where the wither height
measurement was obtained.

Height at the withers, body length and height at the
hip were obtained with a standard horse measuring stick,
calibrated to a metric scale and fitted with lewvels on both
the vertical shaft and horizosntal arm. The distance from
knee to ground, cannon bone circumference, chest width and
heart girth measurements were obtained aiih a flexible
fiberglass tape. All measurements were recorded im cm,: once

on esach side of the animal in order to account for uneven
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stances, unlevel ground and discrepancies between points of
measure. They were recorded to the nearest .1 ch..
Body weight  was calculated from the mean heart girth
measurewment wusing - the following eguations ({Willoughby,

1975) «

a. Colts with a heart girth < 167.6 ca:
| { 1-0546 x heart girth) + .4)3/2.204 = body seight
be Fillies with a heart girth < 167.% cn:

[ {0544 x heart girth) + .344733/2.204 = body weight
C. Lcolts with a heart girth > 167.6 cmz

{.0570 x heart girth)3/2.204 = pody weight
de Fillies with a heatt girth > 167.6 cnz

{-0565 x heart girth)3,2.204 = body weight

Other items in each horse record dincluded birth date,
farm, sex, age and beight of the sire and dam.  Notes were

maintained on feeding regimens at each farm.

The average of’ each paired measurement obtained for
each horse was calculated and used for all further analyses.
Data from each birth year were analyzed separately. Horses
were classified by farm, sex and month of birth. ©Eecause of
the small nusmber of foals born in Janwary aand June, foals

borm in January and February were classified together, and
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foals borm in M¥ay apd June were grouped. Farm sffects were
not of primary interst, +thus, wultiple comparisons between
farms were not conducted. Sex and month of birth were fixed
variables and when either was significant {P%. 1),
comparisons between levels were made. The general limear
nodels procedure of the Statistical 2dnaiysis Systenx {S4aS,

1979) was used for the analyses.

Growth curves-

The mpodel employed to identify differences in birth
measurements or initial measurements included the effects of
farm, sex, pirtks month and the interactions of farm x sex,
farm x birth month and sex x birth w®month as sources of
variation. The appropriate error term for these effects was
the horse within farm x sex x month mean sgqguare. Linear and.
guadratic regressions of serial body measurements on -age and
the interactions of linear and guadratic age effects with
birth month, sex and farm were included in the analysis. 1In
order to estimate regression co@ificients, the individual
korse effects were absorbed. The horse effect and the
regression coefficients were tested by the residual error
terns {Appendix tables 1 and 5). Grosth carves for each
measurement, adjusted for farm and sex wmere derived from the
estimates of the intercept and the linear amd guadratic

coefficients. Regression equations for the growth curves
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were «<alcunlated for foails in- esach birth monthe. Growth

curves were plotted by date rather thaw by age.

Least sguares-apalysis- of  variance of body mpeasurements-

In order to facilitate comparisons ©f body measurenents
of foalis at a given age, based on month of birth or sex, all
neasurenents for 1981 foals were interpolated linearly to
356 or 480 d-of-age. These two constant ages were chosen
because measurements of each of the foals were available
throughout the range of these constant ages. . MNeasuresesnts
of 1982 foals were interpolated linearly to 30, 30, 150,
216, 270, 340 oxr ‘409 a¥6f—age- Actual measurenenis were
also available throughout this range. In most of the
tables, comparisons at 340 d-of-age were mnot iacluded
because they did not aid in iaterpretation of the data. The
model used to analyze data adjusted to a -coastant age
inciuded the effects of farm, sex, birth morth, the sex X
birth month interactioa amd residual error as sources of
variation. All main effects and the interaction were tested
by the residual ezror  term (Appendix table 2). Least
sguares means and their standard errors were calculated for
neasurements of foals born in each birth month and for

measurenents of colts and fiilies at each constant agea
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1f the effect of wmonth oé birth was significant (B<.1),
least sguares means of body measurements were colpared.
Tukey’s pairwise comparisons were conductad when
appropriate. Takey?s procedure assumes that each  pair of
neans being compared are ranked at extrene ends of the array
of means. Furthermore, the experimentwise error rate or the
proportion Malpha" of all subseguently tepeated experiments
that would contain one or more erroneous decisions is
controlled by +the chosen Malpha? level. Tukey's critical
differences are more conservative than those calculated by
other multiple comparison procedures, thus the power of each
test is 1less than that of tests made by other comparison
procedures. Differences between mneasurements at ccnstant
ages were not identified by Tukey's critical values,
although the F-tests were significant (P2.1). Therefore,
Duncan®s multiple range test was utilized. This procedure
sacrifices the experimentyise error rate or  increases the
probability of making an incorrect declaration of treatment
differences. However, the power of the test is greater,
thus, the chance of locating the cause of the sigpificart F
is greater {Leatner and Bishop, 1978). To characterize
growth of the foals and to explain where differences
existed, Duncan's multiple ramge test was utilized. Due to

unequal subclass nunmbers, a harmonic mean of the standard
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errors was calculated and used to determine critical values.
There were no significant sex x pirth month interactioms,
therefore, differences betuwesesn sexes,'avexageﬁ acréss mecnths
of birth, were examined when the probability associated with

the F-test for sex eifects was X .1.

The effect of mare-age on- peasurements of foals at comstant-
ages-

In each data set, Rares were grouped in ages fzocm 4 te
7, 8 to 11 and oider tham 11 yr. Thirty, 40 aad 30 %\ef‘ihe
mares wWere 4in-the res?ecii?e age <lassifications in both
daté sets. The effect of mare age on all parameters at the
constant ages  was tested by Ilesast sguares amalysis of
variance using a model ({Appendix table 3) that imciuded the
effects of farm, sex, birth month, mare age, the interaction
of pare age X birth month and residual error as sources of
variation. Least squares means of measurements at specific

ages were determined when mare age was sigpificant (P £ .1).

Least- syuares-analysis- of variance- of-body  upasurements,

The measuremesnts of 1981 fecals in July of their
yeariing year and of 1982 foals in Januaxry anﬁ‘dﬂly of their
yearling year were classified by month of birth and by sex

across birth moanth. 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 table 4). {omparisons were done
on the same basis except that differences between least
squares means, due to month of birth, were tested using
Tukey's pairwise comparisons {P<.05). Tukey's criticail
values were utilized to identify differences between
measurements due to wmonth of birth rather than Duncaa's
nultiple range test for several reasons. Tukey's is a more
conservative test, vyet w%e were able to locate differences
due to birth month. Furthermore, im July of their yearling
year, foals are sold to prospective race horse cwhers. The
size of the horse is a factor that affects the selling price
of the animal. Thus, the =conomic decisions made at tais
time, influenced im part by the size of the animal, made it
neceSsary that we be confident in stating that differences
did exist {i.e.3 that the experimentwise error rate was
controllied). The harmonic mean of standard érrors ¥as used

to determine critical wvalues.

between the wither height- of parents

=
I

The resemblance between the wither height of parents
and their offspring was investigated. Mare height, staliion
" height and average height of the two were analyied; the

effects of farm, birth month and residual error were sSources
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of wariation in the analysis. The variation due tc month of
birth was consistently non-significant, thus the  three
parameters were analyzed asiag‘a rodel without the éfi@ct of
pirth month included as a source of vwvariation. " The
relationship between wither heights of parents and
measurenents of their 1981 offspring at 350 or 440 d-cf-age
and in July of the yeariing yeazr were ﬁate;miaed. it was
deternined for 1982 foals using seasurements obtained at 30,
90, 210 and 460 ﬁ~of~aqé and in July of theirvyearliﬂg‘year;
Three models were used to generate estimates of resemblance.
Farm, sex and month of birth were discrete effects while all
others were continuous variables. The offspring-sire and
of fspring~-dam regression coefficients were derived irqm a
model that iaclmd@dieffecis of farm, sex, birth month, sire
height, dam height and residual error as sources of
variation. The offpring-midparent rééxessica coefificients
were determined using a model that inciluded effects of farm,
seX, birth nmonth, the average height of the parents and
residual error as sources of wvariation. ?hé regression
coefficients describing the resemblance between the wither
'ﬁeight of offspring in July of the yearling year and the
height of their  their parents, came from a model that
included effects of farnm, sex, average height of the
~ parents, the age of the offspring inm Juiy and residual error

as sources of wvariation.



RESULTS AND DISCUSSIOHN

- Foals born-im- 1982

Growth curves of body measurepemis-of 1982 -foals:

| Initial body nmeasurements and growth patterns of the
1982 foals were studied using the model shown in Appendix
table 1. Probabilities associated with the F-tests of the
sources of variation are listed im table 11, A1l the
initial body measurements, except caﬁﬁeﬂ bone circunference,
varied due to farm effects {BX .03)« Sex\ of the foal
contributed a significant amount of variation to iaitiai
wither and bip height. The measuresents of . heart girth,
calculated body weight and body leangth were influenced by
month of birth {(P< .09). The interactions of farm X sex and
month ¥ sex did pot influence any of the initial measures,
however, the eifect of farm X montk contributed a
sigaificant amount of variation +to iuiiial heart girth,
wither and hip height, kmee to ground and body wcight
neasurenents. In general, the most prevalent iaétc:s i§at
atfected initial measurements were farm, month of birth and
individual horse differences. ieast syuares means were not
calculated with this data set as they would have nesded
adjusting fsr differences in age of all foals at amy point

in time. However, the calculated intercepts were used to

49




TABLE 11. THE PROBABILITIES ASSOCIATED WITH THE F-TESTS OF SOURCES OF VARIATION IN THE ANALYSIS OF VARIANCE OF EACH
SET OF SERIAL BODY MEASUREMENTS OF 1982 FOALS1

Body measurement

Source of Heart Wither Hip Chest Knee to Body Body Cannon bone
Varilation girth height height width ground weight length circumference
Farm .01 .01 .01 .03 .01 .01 .01 .18
Sex .19 .07 .10 .99 .19 i .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
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

lThe analysis follows the model depicted in Appendix table 1

0s
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identify differences in size of the foals at birth {takle
12). Foals born in May-June bhad the largest imitial body
measurements and the foals born in January-February were tae
smallest owverall. Iin most cases, the xaﬁgevcf intercepts
from smallest to largest paralleied the range of birth
months from Janmary-February to May-June. The nodel
explained a large percentage of the variation in the data
{table 11), thus the interceptis were reascpably clcSe to the
true initial mean valuesa. However, the intercepts wmere
estimated by the best  fit of the data.. Several
uncontrolliable factors in the data collection - process may
have infliluenced the value of the estimated intercepts.
Several mares did not foal at the farms visited, and
measuresents of their foals were not obtained antil a time
later than birth. Thus, the predicted values of initial
neasures on those foals were outside the range of actual
data. Half of the foals bors in February were at one farm.
Furthermore, those foals were not measured unntil they were
at least 1 wk old, therefore, the predictions of their.
initial body measures were outside the data set. Predicted
values, outside the range of actual data, increase variation
in the measurzments. HOH%V%I, the coefficient of variation
in the initial measures was fairly low and ranged from 3.2
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TABLE 12. REGRESSION EQUATIONS WITH LINEAR AND QUADRATIC COMPONENTS OF SERIAL
‘BODY MEASUREHENTS ON AGE THAT WERE USED TO PLOT GROWTH CURVES OF 1982

FOALS BORN DURING DIFFERENT MONTHS.

Components of .the regression equations

Body ‘Month Intercept Linear 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 104.29063 + .20174325 - .00021743
April 104.17517 + .19845895 -..00022203
May-June 106.15574 + .. 19463606 - 00022040
Hip height Jan-Feb - 105.10629 + .20973465 - .00022248
March 107.72268 + .20872831 - .00024804
April 107.68864 + .20872831 - .00024569
May-dJdune 109.96612 + .20351067 - .00024513
Chest width . Jan-Feb '22.372913 + .07273869 - .0000728
March 23.071838 + .0738098 - .00008035
April 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-dune 35.490141 +.02428223 - .0000316
Body weight Jan-Feb 52.224226 +1.175236 - .00080427
» March . 56.521293 +1.2080831 - .00091974
April 74.204402 +1.0946582 - .00079719
May-June 86.696971 +1.0577537 - .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 - 12.7401704 + .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 borm in late spring to be larger
than early-born <£foals at ﬁirth‘aas noted by Hipntz et al.,
{1879) . Many environmental factors influence prenatal
developnent, yet they have not been gunantified. Nutritional
status of the dam probably influences fetal development more
tﬁan any other eavironmenmtal <factor. The possibility of
unader-nutrition of the mares camnot be considered in this
study. . Management practices, nutrition, health and exercisse
programs vwaried widely among faras, but in general, were
well above average. Sixty percent of equine fetal growth
occurs during the last 90 4 of gestation {(Bergin et al.,
1867). This 3-mo period occurred during winter 1in early-
foaling mares and im early spring in late-foaling pares.
The fact that horses are seasonal breeders {Xenney et al.,
1975) leads to the suggestions that seasoun, also, nay
influence prenatal development. Furthermore, season and
stage of pregnancy may interact. In spite of a greater
energy intake by the mare during the winter, the energy
available for preduction or growth of the fetus may be less
during winter than in the spring.

The = growmth <curves for all body measurements were
curvilinear. The linear and guadratic regressions of serial
body measuresments on age were coansistantiy significant {P<

.01; table 11). Several investigators have reported that
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egquine growth is limear imitially and, subsequently, is
guadratic {Wojciechowski, 1965; Greem, 1976; Jordan, 1877;
Goyal et al., 1981; ©0MHcKeever et al., 1981).  Duariag the
linear portion of growth of foals, month of birth
infiuenced the rate of iancrease in heart girth, chest width,
body weight and cannom bone circumference {P <.05). Sex
differences accounted for differing rates of iﬁciease in all
measurenents {P <.03) except chest width and the length from
knee to groumd (P <.40). During the non-linear portion of
growth in £foals, heart girth and wither height were affected
by month of birth (P <.03 and .09, respectively).  The
amount of wvaciation in thé shape of the growth - curves forx
hip height, chest width and cannon bone circumference that
was attributed to month of birth approached significance
{P '<,13). The © growth patterns of camnon cirgcunference,
wither and hip height differed because of to sex (B<.{7, .03
and .04, respectively)a. |

Growth curves of esach of the foals peasurements were
plotted by date and were separated by the effects of kirth
mnonth {figures 1 to 8). Yariation in the carves <an be
noted and related to the significant sources in the analysis
of wvariaance. For instance, the slope of the four curwes for
cannon bone circumference (figure 7) differed due to month

of birth as there were intersecting dines on the plot. 1In
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general, later-born foals were larger dinitially than early-
born foals and differences in size between older and younger
foals decreased over time. The differences among the heart
girths {fiqure 1) of foals borm in January-February- and
May-June on  -November 1, 1982, was larger than the difference
observed in July of 18983.

The lengthk from kmee to ground appeared to decrease
(Eigure 8) toward the end of the data ' coliection period.
This was due to several factors. The neasureneat was
obtained from the distal point ¢f the kmee to the ground.
As horses matured, the knee became larger, thus  the
reference point probably wvaried from one peasurement period
to the next. The accuracy of this measurement would have
been greater if the reference point had been the center
rather than the distal point of the knee.

Another possible explanation for the alleged decrease
in the length froa knes to grouand, is that as horses
matured, the angle of the pastern probably decreased due to
an Aincrease in weight, thus caused a decrease in  the
neasured length. Plots represented the best fit of the
data.  True guadratic curves have a maximupr value f£cllowed
by a  curve of negative slope. Therefore, tie observed
decrease in the plot of ‘the length frém Xnee to ground may

have been partially due to the use of the gﬁadraiic
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regression eguation. The actual measurements obtained at
the end of the experimental period wmere less than measure-
ments obtained at previous dates, thus the decrease of the
pastern angle was probably most responsible for the observed
decrease.

Points plotted at . specific dates were not as accurate
as the least sguares means which were caiculated f{oa values
interpolated to constant ages. Thus, discussicn of the
results was based primarily on the data adjusted to constant
ages. . Furthermore, when differences between geasurenents
due to birth wmonth were not sigaificant, the plotting
procedure was not sensitive enocugh to accurately depict or
parallel the values obtained by interpolation. Separate
plots for colts and fillies were drawn, however, they were
not presented. There were inconsistencies betueen the
plotted points and the least squares means when differences
between sexes wmere not significant. Additionally, the
figures sere eXtremely cluttered and d4id not add to

interpretation of the growth patteras.

Conparisons of-body- measures -pade-at-sSpecific- ages-ipn-13882-

orp duripg different months-

B,

e

foals-

i

The pnunbers of foals for which data were available at
each constant age are listed (table 13). Means, standazd

deviations 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 CONFORMATIONAL COMPONENTS.
Month of birth
Age January March April May
(days) February June
30 22 25 32 22
90 22 26 44 30
150 24 - 27 45 37
210 24 28 47 37
270 24 28 46 36
400 23 27 43 32
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measuresents were calculated for each birth month class
{tabie 14). The stapdard deviations of all measuresments
except predicted body weight did not change with age. The
standard deviations of body wmeight increased with age for
several reasons. The percentage increase in-a fcals' body
weight froms birth to maturity is greater than the percentage
increase in size of the equine skeletal features {(Trowbridge
and Chittendon, 1931; Cunningham and Fowler, Eﬁél;v Heird,
18973; Hintz et al., 1978). Additionally, Trowbridge and
Chittendon {1932) and Dawson et al., {1545) determined that
nutritional regimens influenced weight more thasm skeletal
development. Thus, the increase in magnitude of body wmeight
combined with the variation contributed by dietary regimeas
ieads to the suggestion that the growth curve for bLody
weight was variable due to farm, month of birth, individual
horse differences and residual effects. The coefficients of
variation of all @measurements decreased with age, thus
horses became more uniform in size than they were at birth.
The same phenomenon was noted by Cusningham and Fowler
{1561) . Furthermore, as horses grow, genetic and
environmental sources of variation that influence growth,
decrease over  time. This 1is because the rate of growth
decreases with age. Thus, the ﬁecréase in coegfficients of

variation over time was understandable. Amcther point to



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

Body measurement

Heart Chest Wither Hip 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
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

L9
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mention here is that foals, in the first few days cf life,
although they were fully capable of standing, ruaning etc,
did not necessarily exhibit full extension of their lipbs.
In many cases, the flexor : tendons are manoct coppletely
developed at birth, thas, the angle of the metacarpo-
paalangeal Jjoints is less than uncrmal. Likewise, the foals
were held as guietly as possible during the measuring
procedure and an effort was mpade to relax the foals.
However, when the measuring stick or - tape was placed on
then, they became teanse, thus, some 0f the skeletal
measurements may have been less tham accurate. This
phenonenon primarily affected the measurements adjusted to
30 d-pof-age and caused an increase in the variability in
measureaents at‘3§ d-of-age.,

Proportions with the least  variability were the
skeletal measares of wither and hip bheigkt, body iength, the
distance from knee to ground aand canaon hone'circaafsreacez,
The body weight measurements became more unifcraz over time,
yet variation among predicted values was greater than amcag
the other measurements. Reed and Dunn {1977) attributed the
greater variability in body weight as cpposed to skeletal
neasures to differences in general physical conditior among
animals.  Moreover, at 400 d-of-age, horses possess 5% to
81% of +their mature body weight whereas they have 86 to

100% of their mature skeletal size (table 6).
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If measurements had been obtained later tham July of
the yearling year, the foals probably would have become even
more uniform in size. Likewise, the small decrease in the
variability in the distance from knee to ground throughout
the experimental period was attributed tc the young age when
foals reach mature proportion in that parameter (table 6)a-

The  least sguares Beans of body peasurenents,
interpolated to constant ages were calculated (tables 15 to
22)- . At 30 and 90 d-of-age, foals ho:ﬁ in Januvary-February
were the smallest foals. Furthermore, the differences
beiween body nmneasurements of foals due to month of birth
generally dissappearsed by 270 d-cf-age. Foals born ian May-
June had a larger keart girth measure {7 cm) at 30 d-of-age
than those born in January-February {P< .01 for the sifect
of birth month). At 210 d-of-age, the éifferﬁnca ¥as 1lsss
{2.1 cm; P< ,QB for the effect of birth month). At 404 d-
of-age, foals bors in Jaasuary-February were .3 cm larger at
the girth tham foals borm in May~-June (P< .62 for the effect
of birth month). From 150 to 450 d-cf-age, foals hsrn‘iﬂ.
#Harch had the largest heart girth (table 15).  The apalysis
of wvariance utiiized to generate growth curves of heart
girth (table 11) identified variation in heart girth due to
the interaction of birth month with age (P <.01) aﬁﬁ with

age x age (P <.03). Ehas, the month 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 values3

Age Pro?a— January May 9
(days) biilt¥ February March April June SE p=2 p=3 p=4
30 .01 96.4° 99.0P 100.2%¢ 103.4€ 1.25 3.34 3.52 3.63
90 .01 118,22 122.8° 123.0° 123.7° 1.08 2.88 3.03 3.13
150 .01 134.0% 137.2° 136.2° 137.0° .80 2.22 2.34 2.41
210 .09 145.7% 148.0° 147.5%° 147.8° .70 1.96 2.06 2.12

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

2
Standard 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" 1is
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,

0L



TABLE 16. LEAST SQUARES MEANS OF THE CHEST WIDTH MEASUREMENT (CM) OF 1982 FOALS, CALCULATED FROM DATA
ADJSUTED TO VARIOUS CONSTANT AGES. ‘

: Month.df birth . Duncan's critical valu_es3
' Age .Eiig:_l January May 2
(days) (» <y) February . March CApril June - SE p=2 p=3: p=4
30 .01 24.12 25.2° 25.12P 25.3° .35 .97 1.02 1.05
90 .01 28.8% . '30.lb ‘ 29.8b 29.9b .33 90 .95 .98
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
a a a b

400 .01 38.4 38.7 38.7 39.7 .25 .67 .71 .73

lProbabili_ty assoclated 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 (®=,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 17. LEAST SQUARES MEANS OF THE WITHER HEIGHT MEASUREMENT (CM) OF 1982 FOALS, CALCULATED FROM DATA
ADJUSTED TO VARIOUS CONSTANT AGES.

Month of Hirth Duncan's tritical values3
Age Proba- January May 2
(days) bility February March April June SE p=2 . p=3 p=4
(P <)
30 .17 107.6 109.8 108.4 109.3 - .90
90 .04 120.9? 122.6° 122.4° 122.5° .75 2.07 2.18 2.24
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 assoclated 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 differeant 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 eritical values3
Age Proba- January : May : 2 ) . )
(days) ?%}igy ngruary ‘ March : April June SE p=2 p=3 p=4
30 .06 110.9% 113.5° v111.oabv o3P .80 '1.97 ' 2,08  2.14
9 . .05 124,62 127.6° 126.7%° 127.2° .88 2.42 2.55 2.63
150 .15 134.8 136.9 135.0 135.5 .78
210 .03 141.7%P 142.9° 140.7% 140.6° .70 - 1.96 2.06  2.12
270 .06 146.4% 146.7% 144,52 144,62 .68 1.88 1.98 2,04

400 40 - 152.4 152.6 151.3 151.5 .78

1Probability associated with the F-test from the analysis of variance for the main effect of birth month
2Stahdard error of the means aQeraged 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 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 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 values3

Age Proba- January May 2

(days) bility February March April June SE p=2 p=3 p=4

(P <) ) i

30 .01 84.12 87.3b | 85.Sab 87.9b .95 2.67 2.81 2.90
90 .01 103.6° 107.4° 106.5° 108.5° .90 2.53 2.66 2.74
150 .01 17,6 120.7° 119.3%° 120.5° .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

lProbability 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 (®=.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 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 MEASUREMENT (CM) OF 1982 FOALS, CALCULATED FROM
' DATA ADJUSTED TO CONSTANT AGES. .

Month of birth . Duncan's critical values3
Age Proba-,  January ) May 2
(days) bility February March April June SE p=2 p=3 p=4

(P <) .

30 .03 .72 35,57 35.3% 35.8° .30 .85 .89 .92
90 .01 - 37.02 38.1° 37.9° 38.0° .23 .62 .65 - .67
150 .68 38.7 | 39.1 38.9 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

1Probability assoclated 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 MEASUREMENTS (CM) OF 1982 FOALS, CALCULATED
FROM DATA ADJUSTED TO CONSTANT AGES.

Month of birth Duncan's critical values3
Age Proba- January May 2
(days) bility February March - April June SE p=2 p=3 p=4
(P <)
30 .03 13.5% 13.8°P 13.6% 13.9° .1 .28 .30 .31
90 .10 15.2% 15.4%° 15.4%° 15.6° .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 18.6° 18.5%° 18.2° 18.2P¢ 1 .28 .30 .31

400 .30 19.3 19.4 '19.5 19.6 .1

lProbability 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 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 MEASUREMENTS (KG) OF 1982 FOALS, CALCULATED FROM DATA
ADJUSTED TO CONSTANT AGES

, Month of birth Duncan's critical values3
Age . Proba—l_ January May )
(days) " bility February March April June : SE p=2 p=3 p=4
30 .01 88.1% 95.7% 98.9°  109.9° 3.2 8.92 9.39 9.68
90 01 152,72 168.4° 166.0° 166.0° 3.4 9.48 9.98 10.29
150 .06 211.52 223.1° 216.82° 219,33 3.4 9.42 9.92 10.22
210 .09 262.72 174.4° 271.0%P 273.02P 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

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.

3Duncan'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
éuzve for heart girth. The age at which the differences
occurred were eluacidated by the auase of least sguares
analysis of variance.

The differences‘amﬁng the chest widths o¢f foals héra'in
January-February and those borm from Harch to June ranged
from 1 to 1.3 cm through 90 d-of-age (P< .01 for the =ffect:
of birth month). Differences due to birth month wers not
obserwved at 3150, 210 or 270 d-of age. However, at 480 d-of-
age,  the chest of foals boram im Hay-June was T to ‘1,3 cn
wider tham that of all other foals (B .Di.fcr.i£e effect of
birth month; table 18).

Differences in wither height due to month of birth were
observed at 90 d-of-age only. Foals born from Harch to June
yere an-average 1.4 bm taliler . than foals born in Jaﬁuary-
February {P< .04)a Foals born in. Harch were the tallest
foals at each of the constant ages (table 17).,

At 30 and 90 d-of-age, foals born in HMay-June were 2.2
and 2.6 cm taller at the bhip, respectively, +than foals Lorn
in January-February (P<  .06; P< .05 Hcﬁever, the Bbip
height of foals born in March through Jume did not diifer at
these agesS. Differences among hip heights of foals born
duriag diiferent months were negligible by 400 d-of-age (P<
-40). Foals borm in Harch wers consistaptly tallest at the

hip {table 18).
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Foals born in May-June were 3.8 cm and 2.9 cm longer at
30  amd 150 d-of-age, respectively, than foals born  in
January-February (P< .01 . Differences im body 19£gth due
to month of birth were not observed after 150 d-of-age
{table 18). Foals born-in Hay-June possessed 1.1 cn .more
length from knee to ground at 30 and 90 d-of-age, thkam did
foals bora in January-February {P< .03; PB< .01 for : the
effect af‘hirth nonth; table 20). ﬁiiféreaces ia cannon
bone circumference due to month of birth were babserv%ﬁ at
30, 90 and 270 §~sf~ag£ {P< .03, .10 and .02, respectively).
The largest difference detected was .4 ca@; at 30 and 90 d-
of-age, foals borp in May-June foals had a larger caanon
bone circumference %ﬁaa fcals borm in Japuary-February.
However, the difference was reversed at 270 d—of~ége {table
21).

Differences in body weight duwe to month of birth were
evident from 30 to 210 d—-of-age. Foals born in May-Jdune
were 21.8 kg heavier tham foals bora in Janaary-ﬁethary at
30 d~of-age and weighed 10.3 kg more at 210 §~of~age. Fronm
90 to 400 d-of-age, foals born in Ear#h were the heaviest
foals (table 22). Body weight was calculated from the heart
girth weasurement, thus 4t was not @snusual that the
differences in heart girth and body weight due to month of

birth were similar.
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Beyond the - consistently smaller size of early-bora
‘foals at 30 and 90 d-of-age, thers were no trends noted when
comnparing measurenments of foals by month of birth or by age.
Foals born in March tended tc be the largest foals 'nmore
often than foals born at any other tine. The differences
due to birth month, that were observed at earlier ages and
that dissappeared from 210 to 400 d—-of-age, leads  to the
suggestion that foals born in  May-June exhibited more rapid
growth in all conformational comgoments, from birth to 210
d-of-age, than did early-bozrn foals. It has already been
proposed that foals borm in Ea?—duﬁe were larger at birth
than early-born £foals ({in referemsce to +the intercepts
obtained from the regression eguations). Foals bormn in
late spring and early summer may have beem exposed tc more
optimal environmental conditions from birth to 90 d-of-age
than Wwere early-bora foals. Iniluences that ¥ere
potentially mnore optimal for growth imncluded }bighei'
temperature, higher pasture guality and guaiity aﬁﬁisr}
greater guaantity Gibbs et al., {1979) reparted’thai_ﬁares
foaling in Hay had a higher average daily milk yeild than
mares that foaled in March or April (B .05).

The effect o0f siress caused by weaning was  aot
guantified in this study. %eaning age ranged from 95 to 185

d-of-age and was @not consistant within a birth month ox
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within a farm. However, weaning date was fairly comsistant
githin a fara. Possibly, the growth of foals that were
weaned at earlier ages, was fasilitaied as the foals werse
renoved - £from mares' milk during the second 3 mo ‘of
lactation. Ullrey et al., {1966) and Gikbkbs et al., {1979)
- reported that the nutritional guality and guantity of milk
declined .after 2 to 3 mo postpartuna. Thus, the foals born
1atér in the spring and weaned when they were younger than
their contempories, did not depend on the iower guality
source of natritian for as lomg a pericd of time as did the

early-born foals.

The  percentage of  paxipup size at specific ages iz 1982

e

Apnother way to interpret the data is in teras of
percentage maturity attained at . various ages.  Differiences
in body size due to month of birth were not sigmificant at
400 d-cf-age except for chest width.  Thus, all measures at
400 d-of-age were designated as 100% of @maximum size in
order to establish a reference point {(table 23).  Treunds
similar to those observed with the least sguares means of
measurements at specific ages ®¥ere noted. At 30 and 350 d4-
of-age, £foals born in May-June possessed 1 to 6% =more of
their maximum size than did foals born in January-February.

By 210 d-of-age, there sere essentially no differences in



TABLE 23. THE PERCENTAGE OF MAXIMUM SIZE (SIZE AT 400 DAYS-OF-AGE =
MAXIMUM SIZE) OF CONFORMATIONAL COMPONENTS OF

82

CALCULATED AT VARIOUS CONSTANT AGES.

1982 FOALS,

Month of birth

Body measure Age January March April May
(days) February June
Heart girth 30 58 59 60 62
90 VAl 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 7 al
270 82 82 82 80
340 93 92 91 90
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percentage of maximum size across all measuremeats due to
month of birth. Thus, the focals born later in the spring
were larger initially and exhibited a 9eriﬂd-of‘graﬁt% that
was more rTapid than growth displayed by foals born im-
Jangary-February.

The values calculated for percentage of maxinum body
size {table 23) were inflated compared to percentages
reported in table 6. Horses reach their mature proportioas
after #0080 d-of-age {(tabile ﬁ); thus, size at 400 d-of-age wmas
not eguivalent to 100% of mature size. However, the
relative differences between percentages at specific ages
reflected relative growth rates at the wvarious points of
neasure. Foals possessed a greater propertion: c¢f the
maximum length from knee to ground {average of 88%) and less
body weight (average of 24%) at 30 d-of-age than the
proportion of any other measure. Wither and hip height were
73 to - 74% of maximum size at 30 d-oi-age and cannon kone
circunference was approximately 71% of paxipun size.
Although the percentages obtained in  this study #ers
inflated in comparison to the values in table 6, the ranking
0of percentage maturity of body measures paralleled the
results obtained by Trowbridge and Chittesdon {1932),
Cunningham and Fowler (1961), Heird (1973) and Hintz et ai.,

{1978)
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Skeletal growth, expressed in terms of the relative
increase froa birtk to 400 d-of-age, was less than Athe_
increase in body passe. Laswrence {1980) stated that the
mass of the body increases as the cube of  its length. In
other ﬁorﬁs,vif'tﬁe skeleton increased in size in proportion
t0 the body without altering its shape, the cross-section of
the bones would only be sguared.  Eventually, thé koﬁes
would be crushed by the mass they neeﬁed'ie Sﬂygsxt. in
1ight of :the fact t%at linear skeletal growth was less than
the increase in body mass, it can be suggested that most of
the skeletal growth £rom birth +to maturity imvecived am
increase in the calcification of bone, the strength and.
ﬁiameter of bone, rather than an increase in length.

Previous researchers stated that the perceatage  of
matur& chest width £from 6 to 8 mo-of-age was ‘iess thaa-tbe
percentage of mature skeletal peasures during this period
{table $). In the current study, the percentages ﬁf»maximam
chest  width were  greater thas the percentages of body
length. Houwever, there were differences in chest width
measurenents at 400 d-of-age due toc month of birth. Actaal
maturing rates of horses and age at which grﬂporiians Were
mature were not available  in this study due tc the

limitatiocns of the data.



g5

Correlations at various- ages between body measuie in 1982

— =3 ity s

foals-

The relationships hétseen growth in specific
measurements were determined {table 24). Heart girth was
highly correlated with body Qeight {r= .76 to .38).;T%isbﬁas
not unexpected because body weight was calculated = £rom the
heart girth measurement. From 30 to 40§ d-of-age, 33.tsv62ﬁ
of the variation im heart girth was associated with
variation 'in chastvwiﬂtﬁ, wither amnd bkip height and body
length. The relationships decreased with age. Thus, growth
rates were asynchronouas at the  various poiants ci peasure.
Chest width was most coansistantly related to body weight
over time {r = .%2 to .74). Both measures are a function of
skeletal as well as muscular development, yhereas, muscular
development does not extenmsively influence wither and hip
heigbt or body length. Furthermore, the rate at which
horses reached mature body wmeight and chest width was slower
than the maturing rates in skeletal measures itaaﬁiagﬁam and
Fowler, 156%1; tablie 6)a. Thus, although the correlatioans
between chest width and wither bheight, hip height and body
length were relatively high at birth, the fact t&ai they
decreased over time was not unexpected.

ﬁither height and hip height were highly and

consistantly related from 30 to 400 d-of-age {r=.94 to .50)..
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TABLE 24. CORRELATIONS BETWEEN MEASUREMENTS AT VARIOUS CONSTANT DAYS-OF-AGE FOR 1982 FOALS.}

Body measurement

Body Age 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 .53 .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
‘eircumference 90 . .69
150 .66
210 . .69
270 .69
400 : .63

1All correlations were significant, p £.0001.
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The slight decrease over time can be explained hy.ihe fact
that during growth, hip height was generally greater than
wither height. However, durizng the yearliang year, tie
difference b@iﬂeeﬁ the two nmeasurements decreased as horses
became npore level over the topline. The relatienship
betﬁgén wither height and body 1length growth was fairly
high, rangiag from 40 to 53%{r2).

The correlation beiwgen wither bheight and the distance
from knee to ground increased from .62 at 30 d—of-age to .79
at 400 d—oi-age. Because fcals possess a high degree of
matority in the length from Xkmee to ground at hirth, and as
the length from kmee to ground contributes to witker height,
the 1increasing relation . between the tTWC Bmeasurses was
understandable.

The correlations between hip height anrd body lergth or
between hip height and the distance from kXnee to ground aeie
similar tb those for wither height and the two measuremeats.
The relationship between cannon bone circumfersence and most
0f the npeasurements remained £fairly stable over . tipe.
Apparently, bone growth inherently paralleled the growth of
the rest of the bedy; the <colunn of bone increased in -
diameter and presumably in strength in order to support a
larger frame and weight. The coirelaticns betwveen bone size

and skeletal measures were not as high as those reported by
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Cunningham aad Fowler (1961) or Heird {1973) {table 8).
However, the relationships in this study were gieater than:

the values reported by Hintz et al., {1978).

Differences in sizg of 1982 colts- and fillies ait various-

P SR

,é§§§~

The valuss of all body measures interpolated to =ach
constant age were dgrouped by sex withiz a birth montk.
Numbers of colts and £fillies within each birth wmonth are
listed in -table 25. Table 26 includes the means fox‘colts
énﬁ fillies when the main effect of sex at a specific age
wvas significant {PX 1)« There were no significasnt birth
month x sex isteractions, therefore, diifere@ces.betﬁeen
sekes across birth months were examined.. Colts wers
aniformly larger tham fillies when seXx differeaceé existed
{PL.1) - Colts had an average .62 cm greater width through
the chest, 1.72 cs greater body length and 14.82 kg greater
body weight than fillies from 210 to 400 d-of-age. The
cannon bone circumference ¢f colts nmeasured from 150 to 400
d-of-age, ¥as an average .36 <¢m greater than that of
fillies.

The first significant differences between body
measurements of colts and fillies occurred at 150 d-of-age.
Cunningham and Fowler {1961), ¥ojciechowski {[1565) and Green

{1569) reported that males and females grew uniformly 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
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

" 68



TABLE 26. LEAST SQUARES MEANS OF THE CONFORMATIONAL COMPONENTS OF 1982 COLTS AND FILLIES,
1
CALCULATED FROM DATA ADJUSTED TO VARIOUS CONSTANT AGES.

Least squares means Difference SE3
between the
Body Age Proba-9 measures of
measurements (days) bility Colts Fillies colts - Colts Fillies
(P <) fillies
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
400 .02 145.28 . 143.23 2.05 .59 .50
Cannon bone 150 .02 16.75 16.45 .30 .21 .16
Circ‘(‘“‘ffre“ce 210 .01 17.89 17.58 .31 .25 .16
em’. 270 .01 18.58 18.18 .40 .25 .16
400 .01 19.68 ©19.25 .43 .09 .10
Body weight 210 .01 275.43 : 265.13 10.30 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. '

2Probability associated with the F-test for the main effect of sex

3Standard error of the means averaged across birth months.

06



51

birth to 12 mo-of-age. In contrast, Beed and BDunn {1577)
reported that wmales gained féster and: possessed a greater
wither height, hip height, body length and body weighkt than
did females up to 12 m0~of-agea Likewise, Heird {1973) and
Hintz et al., (1978) stated that colts were generally larger
than fillies from birth to matuzitya. Several res&aichers
have observed that mature females swere longer - thar mature
males {Cunningham and Fowler, 1961; Heird, 1973; ¥illoughby,
1875; Reed and Duan, 1877) - The curreat data did not
necessarily conflict with previous data as it was not
obtained through the age when horses reach their mature body
length.

Sex differences in size and the physioclogical basis for
such differences have been widely researched. Jounkert
{1956) attributed differences in the size cf ewes and ranms
to a greater number of muscle cells in males which is
determined two~thirds of the way through prenatal
developament.  In the current study, the observed aifferences
in body mass were attributed to a presumably greater mass
and aumber of muscle cells in males than in females.

§ilson et al., {1980) zeported that during the initial
part of gestation, the development of male and <female
eubryos was identical. After ' the differentiaticn  of the

gonads, the male phenotype could occur. The two secretions
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of the fetal testis, Nullerian regression factor and testos-
terone, were reguired for the wexpression of the male
phenotype. The absence of gonadal sex differentiation
resualted in the phenotypic Ifemaie. They made the comment
that the molecular wmechanisms by which hormones act during
fetal development appear +o be the same as those operative
in the postnatal state.

The age at puberty also contributes to differemces in
size due to sex. At puberty, there is a ¥spurt?® of growth
which is followed by a virtual cessatica of growth. The
timing of the peak velocity in growth differs betueen males
and fenmales {Lawvrence, 1980). Tanner €t al., {1976) noted
that in bhumans, boys reached their peak height  velocity
apgraximate&y 2 yr later than girls, thas, they bhad more
time to grow prior to the pubertal growth phase. Boys giew
an average of 28 cm in height between tée.beginaisg and the
end of the pubertal growta spurte. However, girls increased
their height during this period by 25 cm. Thus, 80% of the
difference in height between mature pales and  females was
attributed to the delayed onset of puberty in males, while
20% was accoﬁateﬁ‘fox by a greater magnitude of increase.

Tanner {19%62) found no evidence of a peak growti spurt
in-animals, comparable with the peak height spurt of man.

However, the time-frame for studying such changes in-
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animals, is less than that in pecple, thus, the changes are
probably less noticable.

Puberty im colts and fillies occurs between 11 aad 15
mo-of-age {Evans, 1%81). However, complete closure of the
epiphyses of long bones ia horses is not complete until 36
mno-of-age (table 9). Additionally, sex differences in-
height were not observed at amy age in this study. 1t.is
suggested that differences would have been detected had
measurements been obtained later théﬁ July.iﬂ the yeariing
y2ar. HNoreover, the age at puberty, guoted by Evans {1981),
is probably the age when puberty begins rather than the age
of complete sexual maturation ia horses.

Short {1980) wrote that auy somatic characteristics by
which nales and females differ, are determined by sex
‘hormones rather than sex-chromosomes. "The sex specific
chromosome: or the Y chromosome codes for the presence of the
male gonad. The majority of sexual diporphisms in nagmals
.are a result of testicular androgen secretion, and a
minority, the result o¢f ovariam estregen sSecretion.
Estrogens are involved in stimulating bone growth during
childhood aad iunitiating the peak heigiht spurt in humans.

The stimulation of lomg bone qrowth by estrogem was
denonstrated by Bosenfield and Fang {1574) « They treated a

group of Turner's syndrome girls with monthly injections of
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1 to 2 mg estradiol cyclopentyl propianate in o0il for 12 to
17 mo. During the treatment period, they obsexzved
significant increases in limear bone growth and maturation
as well as some degree of epiphyseal fusiomn.

Many factors ate related to the asynchronous ococcurance
of puberty in males and females. The ovaries of girls
started to secrete signrificantly more estregen than the
testes of boys at 9 to 10 yr-of-age. The rising sestrogen
secretion initially stimulated l1ong bone growith, followed by
epiphyseal fusion and a cessation of growth {Brown et al.,
1978) - On the other hand, the first pubertal event in boys
was the enlargement of the testes and scrotum {Short, 1980).
Testes enlargement preceeded any significant increase in
peripheral blood testosterone levels, thas, the «rapid
increase in height that occurs during puberty wmas delayed
{#inter and Faiman, 1572) Cessation o0f bone growth
ocgurred when - blood testosterone <concentrations were
eguivalent to those in adult nmen. Short {1980) <concluded
-that cessation of 1long bone growth at puberty occurred
earlier in females than in males because bone 1is more
»sansitivg to the stimulatory and dinhibitery actiocns of
estrogen thas of testosterosne. Fletcher and Short (1574)
reported that 1 ug of estradicl was as effective as 1 ng of
testosterone in producing <hanges in the antlers cf rted

deeras
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The effect of mare age on the size of 1982 foals.

The effect of mare age on foal growth was investigated
primarily because of previous inconclusive <zeports that
examined the effect {Jordao amd DeCamargo, 1950; Hintz et
al., 1978; HMcKeever et ai., 1581)a. Body measuresments,
adjusted to <comnstant ages, were analyzed in  oxder = to
determine if there were specific ages when mare age had more
of an influence on size than at other ages.  There were no
significant interactions between nmonth of birth aad‘marev%ge
for any of the measurements. Differences im body length due
to mare age were cbserved from 30 to 270 d-of-age (P< .01 to
«07; table 27)a Mare age costributed wvariatiocm to the
measurements of wither height (P< .0U8), heart girth (E< .04)
and body weight {P< .05) at 90 d-of-age. 1In all cases where
there were significant differences due Lo mare age, [pares
older than 1 yr had 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 tham foals of mares 8 to 11 yr-ofi-
age. The oldest mares had foals that were 2.8 #.70 cnm
taller, 3.5 #.90 ¢p larger around  the heart girth and that
weighed 11.8 + 3.1 kg more than the foals of ‘the youngest
mares.  Additionally, they were .3 cm taller at thé withers,
possessed 1.5 <B more heart girth and 6.7 kg =more weight

than foals from 8 tc 11 yr-old mares.



TABLE 27. THE EFFECT OF MARE AGE ON THE BODY MEASUREMENTS OF 1982 FOALS AT VARIOUS CONSTANT AGESI.

Age(years) of mares

Body Measurement Age (days) Pr€§ab;11ty2 12-25 8-11 4-7 SE3
<

Body length (cm) 30 .05 87.1 85.1 84.1 .  1.00
9% .o 108.3 105.7 106.5 .90
150 .01 121.3 v 119.2 117.9 .77
210 .03 129.3 127.9 126.5 .63
270 .07 135.3 133.9 132.9 .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 - .05 168.3 162.2 156.5 3.10

lLeast 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.

2Pr0bability associated with the F-test for the main effect of mare age

3
Standard error of the means averaged across mare age groups.

96
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The current observations were not im agreement witk
those of Hintz et al., {1579). They reported that mares
which were 7 to 11 yr-of-age had the largest foals from
birth to 510 d-of-age. They had more height at the withers,
cannoh bone circumference and bbﬁy weight when compared to
other foals at constant ages.

Differences . up to 150 d-of-age <could have been due
partially to natural milking ability of the mares or the
maternal influence on thelgx03th of foals. Homever, it is
unlikely that the older mares consistantly produced the
highest guaiity and {or) greatest quaﬂtity of milk. Gikbs et
al., {1979) noted that mares that had nursed either 2, 5 or
6 previous foals had greater mean daily milk yeilds than
mares that had 0, 1 or 7 previous lactations. A correlation
between milk production amnd fcal size was not reported.
Parity was mnot accounted for inm this study. However, it
could have influenced the size o0f the foals. Another
explanation could be that older mares may have produced
foals with a genetic potential to be larger than their
conterpporaries. In other wmords, the colder mares wray have
been a select group of mares that possessed that abiity to
produce larger foals than the yocunger Rares. However, the
distribution of large and small mares was fairly even across

all ages of mares. Thus, if they possessed the genetic
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ability, it was not expressed 1in their phenotype. .
Furthermore, significant differences in foal size were not

observed often enough to rely on this explanaticn.

" Comparisons of body  measuremeats obtaiped- in Japuary an

T S =t - . . e S o S —"

July of the yearling year im- 1982 foals, bernm-

B S P

Hintz et al., (1978) stated that foals borm in April,
May and June were taller, heavier and had greater cannon
bone circumferences than foals born in Jannary, February or
March when compared at copmon ages frowm birth to 510 d-of-
age. Furthermore, when foals swere compared at tuwo CORROR
dates, the greater size of early-born foals, due to age,
decreased over time. Foals in the current study, bora late
in the spring, were larger at birth and exhibited a more
rapid imitial growth =rate  tham did early-borz foals. .
However, the differences in size between foals, due to month
of birth, did not persist to U400 d-ci-age. | Therefore,
ncasurenpents of foals borm at variocus times were ccppared at
tvo conmon dates. The third week in January and July of the
yearling year were choser as they were the twe post
divergent dates at which actual maasureﬁents {vs values
adjusted to a common date) were obtained on each of the
foals. July also marked the end of the data collection
period. - Subseguent to that date, most of the yearlings sere

so0ld.
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There were  significant differences in all tody
Beasurements obtained in Januvary dus toc menth of birth {P<
2013 table 28).. Foals bora 1im January-February were
cgnsisiantly larger than fcals born inApril, May and June
{P< .05) . Differences between foals bora - in  January-
February vs those bora in March were significant for body
length {2.8 c¢r), cannon boas circumference {.4 cm) and body
weight {19.3 kg). Foals born din- April had 1larger
neasurements of heart girth (3.0 cm), body length (2.8 cn)
and body weight {17.0 kg) than did foals born ia May-June.
Although specific differences between measures due to month
of birth were observed, there was a teandency for foals bkorn
in January, February and March to be similar in size and for
foals borm im April, May and June to have the sane

proportions.
| In July of the yearling year, there were no differences
in the length <fros knee tc ground (B< .12) Or canpch bomne
circumference (P<.13) due to month of birta. The length
from knee to ground was 95 to 100% of mature size by 12 mo—-
cf-age {Cunmningham and Fowler, 1961; Reed and Dunn, 1977;
table £). Therefore, differences were not expected in this
mneasurement in July. 1Likewise, foals had 91 to 94% of their
mature cannon bone circumference at 12 mo-of-age (Cumninghan

and Fowler, 1561). Due to the maturity of the horses and



TABLE 28. LEAST SQUARES MEANS OF THE CONFORMATIONAL COMPONENTS OF 1982 FOALS, CALCULATED FROM MEASUREMENTS

OBTAINED IN JANUARY AND JULY OF THEIR YEARLING YEAR.

Month of birth

Tukey's
Proba- January May 2 critical
Body measurement Date bility February March April June SE values
(P <)
Heart girth Jan .01 163.42 160.4° 155.4¢ 152.4¢ .80 2.7
(cm) July .01 175.5% 174.42 170.8° 168.9° 1.00 3.2
Chest width Jan .01 38.6° 38.2° 36.8° 36.8° .30 .97
(cm) July .07 41.42 41.5° 40.82 40.5% .35 1.1
Wither height Jan .01 145.92 144.0% 140.7° 139.0° .75 2.5
(cm) July .01 153.82 152.72P 150.1°¢ 149.3¢ .90 3.0
Hip height Jan .01 149,92 148.6% 145.0° 143.3° .78 2.5
(cm) July .01 157.0% 156.32P 153.6°¢ 152.5° .90 2.
Body length Jan .01 140.72 137.9° 134.6° 131.8% .80 2.7
(cm) July .01 150.9% 151.12 147.3° 146.3° .93 3.1
Knee to ground Jan .01 40.0% 39.72 39.1b 38.8b .25 .91
(cm) July .12 41.3 41.0 40.6 40.5 .28
Cannon bone Jan .01 19.0% 18.6° 18.2° 18.1¢ .10 .38
Cirﬁz:fere“ce July .19 19.9 19.9 19.6 19.6 .15
Body weight Jan .01 363.92 344.6° 314.3¢ 297.34 4.70 15.7
(kg) July .01 449,42 440.42 413.1° 400.9° 7.10 23.4
Number of Horses Jan 23 25 46 36
July 22 19 38 31

lProbability 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 row that differ by more than Tukey's critical value and
with different superscripts are significantly different at a =.05

00T
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the small magnitude of canncn bone circnﬁference-camhiaeé'
with the variability of the measure in July (SE= .15 cm),
the lack of differences was understandable.

The probability that differences in chest width of
foals in July ﬁas‘ due to the month of birthk was .07a. The
chest width of horses 1is not at a mature size at 18 mo-of-
age {table #), thus differences due to age or birth momth
were expected for this measure. However, duriag the pre-
sale conditioning period, the increased subcutaneous adipose
tissue made it difficualt tc locate points of the shoulders.
Thus, +there may have been inavoidable discrepancies betwesn
peints of measure.

The measurements of heart girth, wither height, &ip
heighbt, body weight and body length of foals in Jﬁiy of
their yearling year were different due to month of birth (<
«01) . However, significant pairwise comparisons wWere
~identified less often tham in Janvary.  Additiomally, the
aciﬂai éifferences in July were smaller im magnitade than in
Januwary. Therefore, foals born in the late spring exhibited
greater gains throughout the £first sevea po of their
yearling ysar when «compared to foals born in the early
spring. The younger £oals were growing more rapidly than
yere the older foals during this pexricd.  Maximum size and

age at the maximum values were calculated with coefficents
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of the regression equations. However, they were not report-
ed as all maximums coincided with ages and peasulements
obtained in July. Thus, all horses were still growirg in
Julye.

Nalbandovy {1963) theorized that growth rate was
depenrndant upon the ratio of growth horsone to unit cf kbody
weight. More recently, Trenkle and Topel (1878) determined
that the level of growth bhormope in steers was positively
correlated to «carcass nuscle and negatively correlated to
carcass adipose tissue. The younger, sSmaller cattle had
more . growth hormone per unit of body weight. as cattle
became larger, there was relatively less hormone per unit of
body tissue. They also reported that the »metaboiic
clearance rate and secretion rate of growth hormone declined
as body waight increased. Thus, the smaller or younger.
animals in ihe current study may have been moxe éensitive
to the facilitativé hormonal infliuence on growth during this
period tham were the larger, older horses. aﬂéitiesally,
more hormose may have been availakie per unit body mass to

stimulate more rapid growth.

- JAanuary é}lﬂ

L ————— e

Differences in size of cclts and fillies in Jamuary and

July were studied wshen the probabiiity for the main effect:
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of sex approached significance {P£ .1; table 29). There
were no sex x month interactioans, thus, differeaces in size
of colts and fillies across birth months were ccmpaved. In
all cases where differences sere detected, colts were larger
than fillies. In January, differences in cannon bone
circunference and body weight mere .35 cm and 16.42 kg,
respectively. In July, colts were 3.5 cnmdonger than
fillies, -85 cm wider through the chest, had .53 cm'icre
cannon bone circumference and weighed 18.78 kg more than
fillies. The lack of many differences in January can be
related to results reported 1in table 263 differences in
cannon -bone circumference, due to sex, were first noted at
150 d—of-age {P< .02). | Differences in body weight, chest
width and body length, due to sex, wﬁre‘first seen at 230 a-

of-age.

. R A A

The resepblapce in ';‘?i%v";izﬁ;iﬁéﬁ' of-parents and their 1982
offspring.

Eegreésion coefficients relating the wither heights of
parents to the height of their 1982 offspring were
determined (table  30).  The figures for offspring-dam and
offspring—-sire resemblances estimate 1/2 heritability while
the offspring-midparent regression represents an estimation
of heritability. True heritability is obtained only when

the traits of the parents and progeny are measured at common




TABLE 29. LEAST SQUARES MEANS OF THE CONFORMATIONAL COMPONENTS OF 1982 COLTS AND FILLIES, CALCULATED
FROM MEASUREMENTS OBTAINED IN JANUARY AND JULY OF THEIR YEARLING YEAR.

1

Least squares means

Differences
between the

Body Proba- measures of

measurement Date bility Colts Fillies colts - Colts Fillies
(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 (cm)

circumference ‘" July .01 20.03 19.5 .53 .11 .10

Body weight  (kg) July .04 435,33 416,55 18.78 5.39 4.48

lTable includes differences between colts and fillies when the probability associated with the F-test
for the main effect of sex < .10.

2Probability associated with the F-test for the main effect of sex

3
Standard error of the means averaged across birth months.

%701
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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.

Regression coefficients of:
Year Age
of (day) offspring-dam offspring-sire  offspring-midparent
birth or date
. * . *
1982 30 .30 £ .11 .19 = .12 .50 £ .18
* * *
90 .16 £ .10 .29 £ 11 WS4 215
* *
210 .28 £ ,08 34 .10 .62 £ .13
* % *
400 .37 £ .09 42 %10 .78 £ 14
. %
July — —_— .84 = .15
* * *
1981 350 .21 % .10 .43 011 .61 £ .15
* * *
400 .22 .09 .33 % .10 .53 % .13
. *
July -— -— 46 = .15

Significance of farm

effects on parent

height in 1982 .20 .01 .01

Significance of farm

effects on parent

height in 1981 .49 .01 .01
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AGeSa Otherwise, as in this <case, the regression
coefficients egqual h{Dh{2)r{1,2) where 1x{1,2) is the
genetic correlation between height at maturity and height at
the age of the progemy when measured and h{1) and h{2) are
the square root of heritability at each age. - Most of the
current estimates agqree with previously reported values
{table v10). However, the wide range of heritability
estipates for wither height precludes c¢omparisons to the
current  estimates. The reseﬂbiance‘ between Qaremtsr and
offspring - increased with age as noted previously (Varo,
1965; Kownacki et al., 1971; Hintz et al., 1979).  4&s age of
the foals increased, the proportion of the offspring-dam
resemblance which contributed to the offspring-midparent
correlation coefficient decreased. raternal influence or
the environment provided by the dam pre-weaning was reduced
over time. The highest coefficient of regression between
offspring and parents was cobserved im July of the yearling
year {r=.84). The model used to obtain this coefficient
included the effect of age of the offspring - in July. The
mean age of yearlings in July was 480 d. Phenotype is the
combination of genstic and envircanmental influences.
Although environment was not quantified, it was mentioned
previously that management practices omn the farms, used for

the current stady, were well above average. Pe:hays the
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environment was favorable emnough that the phenotypic
expression of wither height approached the maximum genetic

potential for wither height.

Foals born-in- 1981

As stated in the - experimental procedure, meaSnIemﬁats
were obtained on the 1981 fcals during their yeariing year
. only. ﬁsxsés were measured between 244 to 557 d-of-age.
Due to the limitations of the data, interpretations sers
less complete than those of the data oz 1982 foals..
However, similar analyses were conducted, thus, subjective
comparisons between the two data sets were mpade when

possible.

Growth curves of -body measurements-of- 1981 feals

The ipitial measnremeﬁts, obtained in ?ebrnary; of
bheart girth, hip height, body length, body weight and chest
width, were siganificaptily different among farms {table 31)..
The farm effeci for the imnitial witbher height nmeasure
approached significance (P< .13). Sex, month and all two
way interactioss oif farm, sex and birth month did not
influence initial body measures. The limear portion {age
effect) of the growth curve was sigaificaat'fcr ali reasures
{P< .05) except the distance from knee to ground. The

linear growth of chest width and canwom circumference were



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 FOALS1

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 .05 .01 .01 .53 .31 .01
Sex .57 .45 .75 .97 .76 .33 .86 .55
Month (of birth) .86 .96 .90 .50 .81 .94 .97 .92
Farm x Sex .50 .77 .86 .57 .26 .97 .17 .70
Farm x Month .65 .93 .90 .66 .99 .94 .26 .92
Sex x Month .53 .54 .77 .94 .27 .70 .99 .79
Horse .01 .01 .01 .01 .01 .01 .01 .01
Age .01 .01 .01 .01 .05 .21 .01 .01
Age x Sex .48 .52 .19 .49 .61 .84 .01 .04
Age x Month .04 .39 .05 .01 .45 .61 .84 .91
Age x Age .01 .01 .01 .78 .01 .27 .01 .01
Age x Age x Sex .58 .60 .13 .49 .36 W71 .01 .05
Age x Age x Month .07 .29 .03 .01 .54 b .46 .56
r-square .96 .95 .96 .95 .85 .78 .92 .79
coefficient of
variation (%) 1.2 .9 .7 1.3 7.5 2.0 1.4 3.0
Repeatability between
paired measurements (%) 98.78 92.47 92.71 93.52 - 78.57 94,65 81.80

1The analysis follows the model depicted in Appendix table 5

80T
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different between sexes {P< .04 and P< .01, respectively).
Thers were also interactions of wmonth and age for heart
girth (P< .04), hip beight (P< .05) and body length (P
<.01). Most of the growith curves were curvilinear.
However, the probability associated with the F-test for a
guadratic body length curve was .78 and for . the distance
from knee to ground was .27. Intermittent interactions of
sex or month with age X age were observed.

Coefficients of the regression egqunations Wece
calculated (table 32) and used to depict the growth curves
of body mnmeasuares of foals by month of birth {figures 9 to
16) . The figures and eguations represent a smaiivppriia# of
the eguine growth curve. Asyatotic growth curves ace
characterized by arn 1initial rapid periocd of growth that is
followed by an increasingly slower rate of growth. ~ The
curves, although they were curvilinear, did not reflect the
nature of the growth ism body parts of 1582 foals. The
intercepts corresponded to the initial Beasurements,
obtained in February of the yearling year, +thus the ages of
the horses at the intercepts. varied. Thersfore, comparisons
and conclusions at the intercept, about horses born ‘during

different ‘mnonths, were not cbvious.
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TABLE 32. REGRESSION EQUATIONS WITH LINEAR AMD QUADRATIC COMPONENTS OF -SERIAL
BODY MEASUREMENTS ON AGE THAT WERE USED TO PLOT GROWTH CURVES OF 1981
FOALS BORN IN THE DIFFERENT MONTHS.

Components of the regression equations

Body Month of Intercept Linear Quadratic
measurement’ birth ( x age) (.x age x age)
Heart girth Jan-Feb 150.39316 + .07443467 + .00004944
March 153.24263 + .02194593 + .00023962
April 148.35093 + .09535981 + .00005995
May-June 148.35215 + .0775629 + .00017538
Wither height Jan-Feb 133.71946 + .11532993 - .00017408
: March 137.06284 + .08717627 - .00010682
April 138.30326 + .07981925 - .00008726
May-June 138.23795 + .09192673 - .00016354
Hip height Jan-Feb 136.76006 + .11948321 - .00019164
March 142.9409 + .06452835 - .00005369
April 141.13628 + .089572 - .00011903
May-June 142.21412 + .08900801 - .00016369
Body length Jan-Feb 128.71731 + .08754477 - .00003795
: March - 132.40651 + .05845915 + .00005646
April 126.78675 + .12451582 - .00013787
May-June 131.15006 + .05354138 + .00015232
Body weight Jan-Feb 323.53925 + .20070599 + .00070586
' March 302.61971 + .03754329 + .00197021
April 271.22803 + .56434726 + .00060397
May-dJune 276.19847 + .36300464 + .00162092
Knee to ground Jan-Feb 37.408433 + .00345766 - + .00001255
March 37.2752971 + .01336111 - .0000147
April 38.136944 + .00035561 + .00003353
May-Jdune 38.374944 + .00376877 + .00002258
Cannon bone
circumference Jan-Feb 17.166137 + .0190976 - .00003242
March 17.469577 + .01902218 - .00003958
April 17.505339 + .0218028 - .00004885
May-dJune 17.76509 + .0204213 - .00005012
Chest width Jan-Feb 32.388238 +..05033588 - ..0000813
March 32.903879 _+ .05254909 - .00010486
April 33.246123 +..06057556 - .00014049
May-June 33.936632 + .0561891 - .00014568
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'BODY LENGTH
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CHEST WIDTH
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BODY WEIGHT
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Comparisons of body measures made-at specific ages ip 1981-

foals borm-during-different monihss

P s A o

iy}

i

Body size of all foals was calculated at 350 or 400 d-
of-age by linear interpolation. Means, standard deviaticas
and coefficients of variation for each measurement across
month of birth were determined {(table 33). It was difficult
to note any changing trends over time in the values obktained
for standard deviations  or coefficiéﬁts of variatiocn as
there were only two ages investigated.  However, the values
at 400 d-of-age 1im tables 33 and 14 were compared. Foals
borm in 1981 and 1982 were similar im size at 400 d-of-age. .
Furthermore, the standard deviations and coefficients of
variation for each wmeasure at 400 d-of-age were similar in
the two sets of data. |

The effects of nwmonth of birth on the least Squares
means of body neasurements of foals at 350 or 440 d-cf-age
were examined (table 34). There were few differences in
measures due to month of %irth- Yonth affected the measaure
of chest width at 350 d-of-age (P< .06) and the measure of
heart girth {P< .01), the distance £from knee to ground {PK
.03) and cannon bone circurference (P<.01) at 400 d-cf-age.
The heart girth of foals born in Apiil, ¥ay and June was 3.3
cm larger  {P< .05) than that of foals bors in January,

February and Harch. Although the probability associated



TABLE 33. LEAST SQUARES MEANS, STANDARD DEVIATIONS (S.D.) AND COEFFICIENTS OF VARIATION (C.V.) OF THE BODY
MEASUREMENTS 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 mean 159.1 37.9 145.8 149.5 139.4 38.7 . 19.2 336.1
S.D. 3.7 1.5 3.4 3.5 4.0 1.2 .6 22.9
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

0¢T
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TABLE 34. LEAST SQUARES MEANS OF THE CONFORMATIONAL COMPONENTS 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?

Body Age Proba-, January May 2
measurement (days) bility  February March April June SE p=2 p=3 p=h
(P <)

Heart girth 350 .22 156.7 159.3 159.7 160.7 1.2

(cm) 400 .01 163.2% 163.5° 166.5° 166.7° .9 2.44 2.57 . 2.65
Chest width 350 .06 37.3% 37.6% 38.5% 38.6% .5 1.21 1.27 1.31

(em) 400 .13 38.1 38.7 39.2 39.2 .38
Wither height 350 .41 144.7 145.4 146.4 147.1 1.10

(em) 400 47 148.0 148.6 149.3 149.4 .78
Hip height 350 .56 148.3 149.4 149.7 150.8 1.20

(cm) 400 .73 151.8 152.2 152.9 152.8 .78
Body length 350 .98 139.3 139.6 139.8 140.0 1.30

(em) 400 .27 141.7 163.7 143.8 145.2 .90
Knee to ground 350 .26 37.7 38.6 38.6 39.0 40

(cm) 400 .03 38.5% 39.1% 39.2%° 39.7° .25 .97 1.02 1.05
Cannon bone , 350 .24 19.0 19.3 19.5 19.6 .18
C“Ezzfe'e"ce 400 .01 19.3% 19.6%° 19.9° 19.9° .13 .32 .34 .35
Body usight 350 .18 321.1 336.8 340.3 347.1 7.68

8
400 .40 376.4 366.0 383.8 381.8 9.35
Number of Horses 350 3 24 43 26
400 14 30 44 25

lProbability associated with the F-test for the main effect of month of birth.

2Standard error of the means averaged across birth months.

3Duncan's multiple range
significantly different
number of least squares
are adjacent within the

conducted when probability< .10.
(a=.05).
means included within the range of the comparison.
array of means, use p=2.

Means in the same row with different superscripts were
To conduct test, rank means in order from smallest to largest.. "p'" 1is the

To compare 2 least squares means that

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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with the F-test for month to cause a difference din chest
ﬁidtﬁ of foals was .06, Duncan’s critical wvalues w%ere
greater than the differences between measuresa. Foals born
in-dpril, Hay and June had more length from knee to groumd
{-9 cm) and a larger canncl bone circumference {.6 cm) than
did foals borm in January-February. 1In general, although
there were mnot many differences in size of foals due to
month of birth at either 350 or 400 d-of-age, the average
size of foals born ia May-Jume was larger aad that of foals
born in . January-¥February was smaller . than their
coptemporaries at the two coastant ages.

The average sizas;of 1981 and 1982 foals at 400 d-of-
age was compared {table 34 vs tables 15 to 22). 1In generai,
the 1981 foals berz im January, February and - March were
smaller than their 1882 counterparts. Aiso, the 1981 foals
born ‘in april, #ay and June were . larger thasn their 1982
counterpartsa. These -differences may explain shy =month of
birth ipnfluenced the size of 1981 foals at 400 d-of-age wshen

it did not ipnfiluence the size of 1982 foals at the same age. .

LCorrelations-at 350 or- 400 -days-of-age- between body Eeasuies

AR, .

in-1981 foals.
The IelatiOﬂships between size at the specific points
of measure at 350 or 400 d~of-age were examined {table 35).

Because there were only two ages at which values were




TABLE 35. CORRELATIONS BETWEEN MEASUREMENTS AT 350 OR 400 DAYS-OF-AGE FOR 1981 FOALS

Body measurement

Body Age Chest Wither Hip Body Knee to Cannon bone Body
measurement (days) width height height length ground circumference weight
Heart girth 350 .65 .69 .69 .66 .49 .67 .99
400 .53 .64 .65 .64 .58 .64 W72
Chest width 350 . J46 .46 44 .38 .62 .65
400 : .35 .37 49 .37 W46 .37
Wither height 350 .94 .75 .71 .62 .67
o 400 .93 .66 .81 .60 .39
Hip height 350 .79 .76 .64 .67
400 .71 .79 .63 .36
.Body length 350 ‘ .56 .64 .65
. 400 .62 .64 .40
Knee to 350 .43 .48
ground : 400 ] .50 .37
Cannon bone 350 - .66
" circumference - 400 .35

lAll correlations were significant at p< .0001.

€CT
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obtained, it was not possible to iavestigate trends over
timea Comparisons between the wvalues at 400 d-of-age,
presented im tables 35 (1981 foals) and 24 (1982 foals) were
made.  The corielation cosfiicients were generally the same
between all points of measufﬁmeét. However, it was noted
that the relationships between body weight and the other
specific measurements were less for 1981 foals compared to

those for 1982 foals.

Differences in size 0f-1981 colts  and fillies at 350 or 400

— — -

days-of-age.

The values of all body measurements at each constant
age were grouped by sex. There were no significant month x
sex interactiosms, therefore differences between sexes,
averaged across birth nmonths, wWere exaﬁiﬁed. Table 36
includes the 1least sguares means of conformaticnal
components when the main sffect of sex at a specific age was
siguifiﬁaat iP£ 1) e The body lengths at 350 d-of-age aad
the chest widths, distances from Xknee to ground and camrnon
bone circumferences at 350 and 400 d-of-age of <colts wmere
consistantiy larger : than the same proportions of fillies.
Colts were 1.42 or .47 cm wider +through the chest aad
exhibited .95 or .Sﬁ'ém:mere length from knee to ground than
fillies at 350 or 400 d-of-age, respectively (B< .1). Colts

were 2.27 cm ilonger than fillies at 350 d-of-age and had



TABLE 36. LEAST SQUARES MEANS OF BODY MEASUREMENTS OF 1981 COLTS AND FILLIES, CALCULATED FROM DATA
ADJUSTED TO 350 OR 400 DAYS-OF-AGE ,

Least squares means Differences SE3
between the
Body Age Proba- measures of
measurement (days) bility Colts Fillies colts - Colts Fillies
(P <) fillies

Chest width (cm) 350 .01 38.7 37.28 1.42 W45 .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 .16
Cannon bone 350 .01 19.7 19.0 .7 .17 .15
circumference (cm)

400 .01 19.93 19.4 .53 .11 .07

1Table includes differences between colts and fillies when the probability associated with the F-test for

the main effect of sex < .10.

2Probability assoclated with the F-test for the main effect of sex

3 .
Standard error of the means averaged across birth months.

YAl
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larger {.53 to .70 c¢m) cannon bones than fillies at 350 and
400 d-~of-agea

The occurances of sex differences 4in size were similar
for the 1981 and ‘the 1982 foals (tables 36 and 206)..
Therefore, the previous discussion about differences in.
size, due to sex, applied to both sets of data.

The age of the dam did not significantly influence the
size of 1981 foals at 350 or 400 d-of-age.  This was not
anexpected as mare age affected only the measurements of

1982 foals that were younger tham 270 d-of-age {table 27).

i}

measures - obtaiped- ipn- July cf the

—" .

Comparisons of- body

fiet

Yearling year-in- 1981 foals, borx

ripg different months.

The least sguaces means of body measuremeats of 1981
foals, obtained in July of their yearling year, were
-determined (table 37). MNonth of birth infiuenced the size of
heart girth, body length, body weight {(BP< .01) and hip
“height {P< -08) . Foals born in January-February had a
iarger heart girtk (4.4 cm) and weighed 31.3 kg more than
foals born in May-June. However, the heart girths and body
weights of foals born from January to April did not differ.
Specific differences between the bhip heights and body
lengths of foals born in different mponths were not
identified with Tukey's critical differences {p= .05)a.

There were more significant differences due to month of



TABLE 37. LEAST SQUARES MFANS OF THE CONFORMATIONAL COMPONENTS OF 1981 FOALS,. CALCULATED FROM MEASUREMENTS
OBTAINED IN JULY OF THEIR YEARLING YEAR.

Month of birth

)

Proba- January May ) Tukey's ,
Measurement bility February March April June SE critical values

(P <)
Heart girth (cm) .01 174.92 174,42 173.0%P 170.5° .9 2.9
Chest width (cm) .70 40.0 39.7 39.6 39.7 .25 .73
Wither height (cm) .13 152.5 152.6 151.6 150.8 .8 2.5
Hip height (cm) .09 155.92 156.42 155.32 154,52 .73 2.3
Body length (cm) .01 151.8% 151.8% 149.5% 149.1% .98 3.0
Knee to ground (cm) .66 39.4 39.8 39.8 39.9 .25 .86
Cannon bone .53 19.9 19.8 20.0 19.9 .13 42
circumference (cm)

a a ab b
Body weight (kg) .01 443.8 441.3 429.2 412.5 7.00 22.2
16 29 38 21

Number of Horses

1Probability associated with the F-test for the main effect of month of birth.

2
Standard 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 row that differ by more than Tukey's critical
value and with different superscripts are significantly different at @

LTT



128
birth in the size of 1982 foals (table
July of the yearling year. However,
the two groups of horses were similar.

foals exhibited a faster growth rate

their growth than did the earliy-born foals..

was prior to the period when

The growth rate of 1982 foals borm in
was faster from birth to 210 d-of-age
Barch.

January, February and

weanlings due to month of birth decreased with age.

Thoroughbred race horse indastry,

is a critical date as it is the

s0ld. If size is a factor

of the animal, then the fecaling

influence on the profit margin.

current Dbreeding schedules are

observations were

Differences in

tine when

It

not necessary from

28) ws 1981 foals in
the average sizes of
The later-born 1981
during some phase of
Presumably, it
obtaineda. .

April, Bay and June

than of foals bormp in

size of

In the

July of the ye=arlisng year

yearlings are

in the saleability or the price

date should bhave 1little

seens obvious that

the

standpoint of producing larger, more desirable animals.

erences in -

renc size of 1381

o o

their yearling yeare

d-- fillies in

£al duly of -

There were differences in the chest width (P .01), the

distance from knee to ground

circunference {P< .01
measuresents of yeariings dus $0 sex.

larger than fillies.

(P<

and the body weight (P<

.04, capnon  Lbone
= 06)

LColts were uniformly

Significant differences in chest width
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and canunon: bone circumference ranged frop .52 t0o 275 cm..
Colts were .55 cm . longer from the knee to grecund and wmeighed
13.78 kg more than fillies {table 38). The differences
between the sexes were similar tc those observed in the 1982

foals in July {table 29)..

The resemblance in ithe wither height of parents and their

. = g

The offspring-dam coefficients of regression were .21
and .22 at 350 and 400 4—of-age, respectively (table 30).
The offsprimg-sire coefficients at the same ages were
slightly larger {-43 and .33, respectively). The
coefficients of regression at 400 d-of-age were not
diﬁférent- for - the 1581 and 13982 foals. This was not
anexpected because many of the dams and sires were
represented in both data sets. The regression coefiicient
‘for wither height of 1981 foals im July on mid-parent wither
height was .46, lower than the regressiom coefficient for
wither height of 1982 foals. Reasons for this were mot

apparent.




TABLE 38. LEAST SQUARES MEANS OF THE CONFORMATIONAL COMPONENTS OF 1981 COLTS AND FILLIES, CALCULATED
FROM MEASUREMENTS OBTAINED IN JULY OF THEIR YEARLING“YEARI.

Difference SE3

Least squares means
q between the

measures of

2 colts —
B P
ody measurement r?EaE}lity Colts Fillies fillies Colts 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.

2Probability associated with the F-test for the main effect of sex.

3Standard error of the means averaged across birth months.

0¢T



SUHMARY AND COBCLUSICHS

Thirteen Thoroughbred farms in Virginia gtoyided a
total of 266 horses for this study.  Body measurepents
including heart girth, wither and hip height, body length,
chest width, the distance from knee to grouad, - cannon Lkone

circumference and body weight {calculated frem heart girth),
were obtained at 2-mo intervals on each of 133 aﬁima;s.
Similar data were obtained £rcem the remaining 121 horses at
$—wk intervals from February through July of their yeariing
yeAar. The data were used to study growth patteruns of
Throroughbred - foals and yearliags, t0o evaluate the
infiunences of month of birth and s2x on gromth and
development and to develop eguations that described and
predicted the growth patternsa.

The statistical models that were employed  to develop
regression eguations considered variation dme to farm, sex,
month of birth and the linear and guadratic effects of
serial body measurements on age. The models acccunted for
83 to 9Y8% of the variation im the data (table 11). Foals
born in Jamunary-February were smallest at birth while foals
born in May-Jude were largest at birth {(table 12; fiqgures 1.
to 8). .  all growth curves vwere asymptotic. The mcnth of

birth and sex of the foal differentially influenced many of

131
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the growth curves; the rate of growth in the wvarious
measures differed due to the two effects, yet the shape of
the curves withis a measure, determined by interactions of
the guadratic sffect of serial mneasurements on agé with
month o0f birth, generally were not different {table 11).

411 data were linearly interpolated to several~c0nstant
ages in order to make comparisons of measures betyeen month
of birth or between sexes {tables 15 to 22). At 30 and 90
d-of-age, foals born - in: Januwary-Febkruary were the spallest
foals. The differences between body measurements of foals,
due to month of birth, geﬁeraily dissappeared by 27§ d-ci-
age. Measures obtained at 400 d-of-age  {excluding chest
width) did not differ due to birth month. Therefore, the
size of £foals at 400 d-of-age was designated as 100% of
maximum size. At 30 and 30 d-of-age, foals bormn ir May-June
foals were 1 to 6% more mature than fcals born in January-
February f(table 23). Therefore, the later-born : foals
appeared larger at birth and exhibited an initial growth
rate that was greater than that of foals born earlier imn the
year. In terms of the relative increase froam birth to 400
d-of-age, the change in skeletal size was less t£an the
increass in body mass.

Correlations bLetseen the various measurements were

deternined at the specific ages. The correlations Letween
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bheart girth and body weight and between wither amd hip
height were consistantly high {r2=.76 to .99 and .90 to ,SQ,
respectively). The relationships between heart girth and
chest width, wither height, hip height or bedy length
decreased with age while the correlation between: wither
height and the distance from knee to grocund increaseﬂ'ﬁiih
age. Cannon bone circumference was consistantly related to
all measures over time {r2 =.42 to .71; table 24). The
changes in correlation coefficients, that wmere seen over
time, exemplified the asynchronous growth in:varioas parts
of the body. |
There were some differences in size between <cclts and
fillies {table 26). Differences were not detected prior to
150 d-of-age. However, when the effect of sex was
significant {PL .1). colts wmere uniformly larger : than
fillies.
| There were several instances when pare age contributed
a sigrificant amount of variation toc measurements of foals
(tabie 27). HMares 12 to 25 yr—-of-age had loanger foals from
30 to 270 d-of-age tham foals from mares 4§ tc 11 yr old. .
The oldest mares? faais were taller at the withers, -laxger
around the girth and heavier than than tkeir comtespories at

90 d~of-age. ‘
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The size of all foals iz Janmary and July of the
yeariing vyear ({(tabie 28) gas studied.  Foals born »is
January-February were vconsisteatly larger ip January thamn
foals born iam April, ¥ay and June (P .05).. In July, #Oﬂt£
of birth infiluenced the measurements of heart girth,u wither
height, hip height, bqay length and body weight (E< .01.
However, actual differences in size, due to month of tirth,
were smaller in magnitude than the differemnces observed.ia
January. Furthermore, foals born from January to March were
not different and foals born from April to June were Rot
"different in size. Thus, the differences in size, due to
month of birth, diminished %ith time.

There were several instances when sex of the bLorse
influenced size in January aad July {iaﬁie 29). In Jaauazy,
coits had a larger cannon bone circnmferens& and w#ere
beavier thana fillies. In July, = colts were longer, wider
through the chest, heavier apd bhad larger cannon bone
circunferences than fillies.

The resemblance between the wither heights of parents
and their 1982 offspring increased with age and was'highﬁsi
in July of the yearling year {(table 30). The csniribatioa
of the offspring-dam resemblance to the overall regression

decreased over time.
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Similar analyses were conducted using data obtained on
‘3983' foals. Growth curves of most body measures were
asymptotic in that both the linear and guadratic components
of regression were significant (tabkle 31). The rate of
growth in  the wvarious proportioms #as intermittantly
infiluenced by sex or by month of Sirth, while the sbape of
the curves within a measure were fairly uniform across sexes
and month of birth {table 32; figures 9 to 18). . There were
feﬁrﬂiffereaces in the size of horses at 350 or 400 d-cf—-age .
due to month of birth {table 34).  This was not unexpected
as differences in the proporticns of 1982 foals, dﬁ%'ta
birth month, were not observed subseguent to 270 d-cf-age.
The actual size of horses and the coeificients ~of
correlation {table 35) between the various measures ialeach
data set at 400 d-of-age were similar.

The occuarrences o0f 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 gxonnd
distances and cannon bone circamferences than fillies.

Comparisons of 1981 focals by month of pirth in July of
their yeariing year revealed differences in- the size of
heart girth, hip height, body length and boﬁy'ﬁeigﬁt {table
37)- Takey's pairwise comparisons were made and sigpnificant

differences were identified only in the heart girth and body
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weight measuresenis. Foals born in January to April did not
differ in size. There were few differences im size tetween
colts and fillies in July {table 38).

The restrictions of age and date of peasurements did
not alloy¥y us to identify the date when differences in size,
due to m@month of birth, would have been: statistically
negligible. However, because horses were beginniag to
approach a similar size in July, it is necessary %o cconsider
an evaluation of current established breeding schedules. 1Is
the advantage is growth rate of late spring-born £oals
enauqh to justify intensification of breeding within the
3-mo period - from April to June? Certainly, Teprodtuctive
efficiency of both the mare and stalliion would be improved
{Trum, 1550; Loy, 1%67; Van Niekerk, 19673 Hutton and
Meacham, 1968; Pickett et al., 1870; Pickett and Voss, 1372;
Kenney, 1975; Jennings, 1581). Hellingsworth {1575)
indicated that 1lifetime raciang performance ({AEI) of foals
boran in January and June was less than the‘avﬁrage of their
contemporaries born  inm February through May. One of the
major aspects of the Thoroughbred racing  industry not
considered in the current study was the evaluation of
ability or endurance of the animals as affected by when they
are born. If wmonth of birth did bave an impact on

performance, the effect would probably be confounded with
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training regimen and {or) trainer. ¥hena yearlings are sold,
they gemnerally begin race training is the late fall of their
yearling year. By the time they are 2 yr old (January 1 of
their second vyear), they are generally gettisg ready for
competition. puring training, it is likely that early-borm
foals may be treated as older or more capable animals tham
later-born foals. This phenomena may be even more likely if
the older foal is larger . tham his contempories.. The
Hadvantage® of 2 tc 3 mo-oi-age Bmay actually be a
disadvantage to the horse 1in terms of lomngevity amnd life
time performance. Excessive traiaing prior to the time when
iong bones <cease growth {table 9Y) <can <cause irrepairable
damage. In order to make an unbiased managemeat decision on
the most beneficiai time to breed mares and the Dbest time
for foals to be born, further econcmic analyses and: perform—
ance tests of large numbers of horses need toc be ccnducted.

- The size of the horse in July of the yearling year
probably has 1ittle dimpact on the Thoroughbred iﬂdusi:y
beyond its impact on the yearling sale price. Kbhalilov
{1380) reported that correlations o¢f body measurements
{wither height, heart girth and cannon bone circumferecnce)
at 6, 12, 18, 24, 30 and 36 mo—of-age wmith speed cver 200 m,
ranged from .08 to .16, .09 to .27 and .07 to .24 for the

three conformational components, respectively. On the other
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hand, Fabiani {1574), calculiated high correlations between
jumping ability and wither height (.78) and between jumping
ability and the body mass index {.77) The body mass index
was calculated by chest girth x 180/height at withers.
There have been no major studies conducted that confirm a
relationship ©between  performance ability and a specific
physigque. For example, Northera Dancer, one of the post
valuable stallions in the world today, was partially ignored
as a yearling, due to his swmall size, but he was extre#ely
sucessful at the race track. Becnase of the improbability
of predicting body size and conformation that would ensare
racing success, research efforts like the current study are
mor2 usefal to the breeding farm m®managers than  to
prospective race horse OwWners.

The results of the current study were promising in that
the differences in size of horses due to month of birth,
diminished with time. Presumably, at a date soon aftex Jnly
in the yearling year, differences in size were negligible.
Further studies are needed to evaluate the performance,
longevity and lifetime ability of  horses in relation to
their month of birth. Additionally, the relationship
between age and ability mneeds to be investigated.

It is obvious that reproductive effici@ﬁcf would be

improved 1f @mares were bred in late- vs early-spring..
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Facets of the overall economic stracture of am early
breeding schedule that need consideration include thke loss
of reproductive efficiency in early-sprisag, the increased
feed cost of feeding pregnant mares in the winter vs the
spring and the increased length of time that early- vs late-
born foals are maintained prior to being sold is July of the
yearling year. Overall, +the cbservations in  the current
stady, combinad ¥ith the economic implicatioms of a
physioiogical breeding season, would certainly . justify

further research that would add to the current informaticn.
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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 GROWIH CURVE FOR HEART GIRTHI.

Source of Degrees of Mean square F value ProbabilityA
variation Freedom (P <)
Farm 12 24962.558 3.09 .01
Sex 1 14081.435 1.75 -.19
Month 3 47997.853 5.95 .01
Farm x Sex ) 11 9777.4245 1.21 .29
Farm x Month 27 13165.790 1.63 - .05
Sex x Month 3 4554.6797 .56 .64
Horse’ ‘ 83 8062.8321 4.37 .01
Age 1 18528846.538 10051.92 .01
Age x Age 1 5628333.304 3053.65 .01
Age x Sex 1 6683.8858 3.63 .06
Age x Age x. Sex 1 3334.1389 1.81 .18
Age x Month 3 . 12454.873 6.76 .01
Age x Age x Month 3 5481.6176 2.97 .03
Error> 909 1843.314

Total 1059

lAnalysis of variance for all serial body measurements follow the same model

The mean square for horse was used to test farm, sex and 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.

4 . . . oL . L
Probabilities associated with the F-tests for each source of variation
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APPENDIX TABLE 2. LEAST SQUARES ANALYSIS OF VARIANCE OF HEART GIRTH

MEASUREMENTS OF 1982 FOALS. THE MEASUREMENTS WERE

ADJUSTED TO THE CONSTANT AGE OF 30 DAYSl.

Source of ' beérees of Mean squaré F value Probability2
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

Totai ‘ : -100

lAnalysis of variance for all body measurements at each constant age follows the
same model.

2 . . . . A
Probabilities associated with the F-tests for each source of variation
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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 DAYSl.

Source of ) Degrees of Mean square F value Probability2
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

lAnalysis of variance including mare age effects, for all body measurements at
each constant age, follows the same model.

2 . . . s
Probabilities associated with the F-tests for each source of variation
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LEAST SQUARES ANALYSIS OF VARIANCE OF THE HEART GIRTH
MEASUREMENTS OF 1982 FOALS, OBTAINED IN JANUARY OF THEIR

YEARLING YEAR.1

Source of Degrees of Mean square F value Ptobability2
-Variation Freedom ® <
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.

2 P . . R
Probabilities 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 GIRTH1

Source of _ Degrees of Mean square F value Probability4
Variation Freedom (P< )
Farm 11 16790.244 3.31 .01
Sex 1 1679.2364 .33 .57
Month 3 1256.2028 .25 .86
Farm x Sex '10 4793.9956 .94 .50
Farm x Month 23 4368.8265 . .86 .65
Sex x Month 3 3773.8177 .74 .53
Horse® 69 5078.6254 12.36 .90
Age 1 16591.064 40.38 .01
Age x Sex 1 199.0114 .48 .49
Age x Month 3 1227.6443 2.99 .03
Age x Age 1 7211.5819 17.55 .01
Age x Age x Sex 1 123.5732 .30 .58
Age x Age x Month 3 992.360 2.42 .07
Error3 315 410.8946

Total 445

1 . .

Analysis of variance for all serial body measurements follows the same model

2 L .
The 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.

4 R . - P
Probabilities associated with the F-tests for each source of variation
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THE INFLUENCE OF MONTH OF BIRTH CON GERCWTH ANE
DEVELOBHMERT OF

THOEBCUGHBRED FCALS AND YEAEBLINGS
lauren Elaine Goater
{ABSTRALCT)

Thirteen Thoroughbred farms in  Virginia provided
260 horses for the study of growth patteras of horses
from birth to July of the yearling year. ﬁeasnr@meats;
included heart girth, wither and hip height, body
length, chest width, knee to ground length, camnon tone
circumference and body weight, as estimated by heart
girth. Quadratic regression eguations, adjusted for
the effects of farm, sex and month were developed to
describe the growth of foals. Foals bormn in-:January-
February were spallest oyverail at birth, 30 and 90 4-
of-age (P< .01) HMay-June foals were largest at birth.
Differences  in wither height, body dength and body
weight of foals born in May-June vs in January-February
at 30 d-of-age, were 1.7, 3.8 cm and 21.8 kg, <respect-
ivelys At 90 d—-of-age, differences were 1.6, 4.9 cn
and 13.3 kg, respectively. Differeases in size due to
birth month were a§§areni'u§ to 270 d-of-age.  May—-Jume

foals exhibited the fastest imnitial growth rate. Colts



were intermittently Jlarger than fillies subsequent to
150 d-of-age. In January of the yearling year, birth
moath influenced all measurenents {P< .0V .. Foals born
in January to March were larger thar - foals bkern in
Aprili to June. In  July af‘ the yeariing year,
differences were identified 1ess often and actaal
differences " in size were ssaller than  in January. .
Average differences im heart girth and wither height of
foals pborn in: January to March compared to foals born
in April to June sere 8.4 and 5.1 cm in January and 5.2
and 3.6 cm in July of the yearling year. Foals born in
April to June displayed larger gains during the first 7
@m0 of their yearling year - than did early-bors foals.
Correlation coefficients between measures of foals up
t0 400 d-of~age decreased or rempained the same.  Thus,
growth in various proportions was asynchroaans.'
Begression coefficients that described the resesblance
between wither heights of parents and offspring
increased with age and were lhighest in bdﬂiy of . the
yearling yEarCa. Gii5§ring-mid§arent " regression
coefficients of 1982 foals increased from .50 1.18 at
30 d-of-age to .78 #.14 at 400 d-of-agea.. The

regression coeificient im July was .84 #.15.
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