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ABSTRACT

Holstein calves were photographed and measuredaoperiod of 84 days to determine the
feasibility of Image Analysis as a measurement.ttioivas determined that the disparity
between actual measurements and image analysisuregants decreased as the bone
length increased, and that image analysis couldskd to monitor growth successfully in

large ungulates, using the length of certain bone.

Image analysis was then used to evaluate growtHdlstein calves on two weaning
programs (weaned early at six weeks of age and ededater at eight weeks of age).
Calves were weighed and photographed over a pefi@@4 days to determine the effects
of weaning on skeletal symmetry. Weaning time daléh an affect on the skeletal
symmetry of the calves, with calves weaned eaftiand to be more asymmetrical. The
extent to which skeletal symmetry is affected bstrass is determined by the nature and

duration of the stress.

The growth and development of Thoroughbred foals meaorded and photographed for a
period of 300 days and the relative asymmetry fdatdral traits was assessed.
Thoroughbred foal growth correlated to statistesarted over the last twenty eight years.
Asymmetry can be detected in growing foals usinggen analysis. Weaning stress
produced some asymmetry that the foals were abtedover from. One can use highly
correlated body weight and height measurementsouge a tool stud managers can used
to monitor growth. In young training Thoroughbrgdetween 18 and 24 months of age),
no significant asymmetry was found in the forelimbat the hind legs displayed
asymmetry, which has interesting implications fairting and for performance criteria in

the racehorse.

Tools can be produced to monitor the growth andeldgment of Thoroughbred foals
destined to race, which can improve their managérand the duration of their racing

careers.
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CHAPTER ONE
GENERAL INTRODUCTION

Any horse that is pedigreed and is typical of aipalar breed can be “purebred”. The
Thoroughbred horse is a breed that traces its dpnednt to three foundation sires from
the 17" Century. It is a high performance speed and emder animal (Callery, 2003).
The Thoroughbred is most commonly used in horsegacand the overflow from a
relatively short racing career services other perémce horse industries like eventing,

dressage, showjumping, polo and polocrosse.

To produce a high quality animal of the calibreassary to win races consistently is the
cornerstone of the Thoroughbred breeding and raaithgstries in South Africa. Millions

of rands are channelled into this lucrative industihe average selling price for a two year
old thoroughbred racehorse at the National Two Yeldr Sale 2007 (ARO, 2007) was R
83 000 but the onus remains on the horse itsgifdduce the results. It is interesting that
race records over the last 100 years have demtetti®0 fold improvements in live

weight gains and feed conversion efficiencies indpction animals, but not so in the
horse. Perhaps our pursuit of rapid output angrmebr investment has catapulted willing
and gracious animals into trifectas, jackpots aaddicaps, with a concomitant price that

the horse has to pay, including asymmetrical growth

Man displays idiosyncratic motor laterality in tlveé have a dominant writing hand, and in
much the same way, researchers have been ablantondeate that this capacity is not
limited to man, and is in fact displayed by a numiifeanimals. In addition, this laterality

can be influenced through environmental interventiand produces measurable

asymmetries in animals.

Much of the work on smaller animals, like chickehas strengthened the arguments that
nutrition and stress can impact greatly on bilateraasurements of animals, and limited

work has been done in large ungulates. The saamfie of a loss of symmetry may be lost
in the pursuit of meat and milk production. In th@rse, however, the productive aim of

the animal is speed (Clayton, 2004), which can beatly influenced by bilateral

measurements and balance. It has been shown tiraesh also demonstrate an



idiosyncratic motor laterality (Murphsgt al., 2004) and in addition are subjected to heavy
training regimes before closure of some major gnoplates (of the radius and humerus
Campbell (1981)). The timing of training and plsysilosure has been a matter of
contention for many years, and again changes tbehosise from a companion to a
production animal. Much of the training of thesenaals occurs more in circles, in one
direction more than the other, and races run 0280t in South Africa include a section

of bend on a circle and then a straight.

Given the magnitude of the South African racing apdrt horse industry, any study that
seeks to understand the stress of training on agyborse, and seeks to discover whether
this can be manifest physically, will indeed prom@n improvement of training and
hopefully of racing performance. It has been altutie in the field, and in the literature,
that training on the same rein (either clockwiseaati-clockwise) in a horse that is
significantly left or right reined, can alter it§ieiency in racing on that rein. Whether it is
indeed possible to measure an effect of this invgrg and training young Thoroughbreds
was the subject of this thesis. Because the waliube Thoroughbred foals in the racing
industry precludes the imposition of treatmemsitu for the most part, Holstein calves
were chosen as representatives of large ungulasnaage analysis featuring Holstein
calves platformed the more critical analysis of wgto and symmetry in young
Thoroughbred horses. This thesis explores meambtaining symmetry data, and then
determines the actual degree of symmetry or lagketsf in Thoroughbred foals and young

horses.



CHAPTER TWO
GROWTH IN THE LARGE UNGULATES

2.1 GROWTH IN FARM ANIMALS

A juvenile horse under the age of six months (réigas of sex ) is termed a foal, from six
months to one year of age, it is called a wearding between one and two years of age, a
yearling. Thoroughbreds compete in races from age of two. All Thoroughbred
racehorses share a common “birthday”, and in thehson hemisphere, all horses turn a
year older on the®1August. This date regulates the Thoroughbreddimgeseasons, and

is significant in that foals born before th&df August can conceivably be expected to race

against animals that are older than them.

Most breeds of horses will have achieved 50 % eir tmature body weight within the first
six months of birth (Kohnke, 1998) and then achi®0&6 of their mature weight by 18
months of age (Frape, 1986; Jackson & Pagan, 19933ix months of age (weaning),
80% of the foal's mature height will been achievad the foal will be at 95% of its
mature height by 18 months of age (Hintz, 1978)s Thapid growth occurs in the foal in
the first 6 to 18 months of life (Kohnke, 1998; Ksmun & Pagan, 1993) in stages with
different segments growing at different rates ircomdance with the availability of
resources such as the horse’s diet and exercismeae@Raubet al., 1989; Thompson,
1995). In the horse, segmental growth is evidemtither height and tuber sacrale height
(a foal will alternate, being higher at the tubacrale and then at the point of wither), and
also in knee to pastern, hock to pastern, poirghaiulder to pastern and width of chest
measurements. Giorge#ti al. (1996) found that the cranio-dorsal regions of loalves
grew faster than the distal limbs, proximal hingbi and loin when they investigated the

growth patterns of Chianina bulls fed two differelits.

The growth and development of these different paftan animal is dependent on the

nutrition, breed, sex and duration of developménhe animal (Raulet al., 1989).



2.2 DEVELOPMENTAL STABILITY/SYMMETRY

Plants and animals have copies of morphologicalicgires, which are controlled
genetically. Any deviations in two sides of a lela trait can be used as an indicator of
disturbed development due to stresses (Leary &néibef, 1989). Developmental stability
is the production of a phenotype under specificdéions, both environmental and genetic,
and the capacity of the organism to develop andstressturbances during the growth
process. A highly stabilised development produces ideal phenotype whilst
developmental instability produces imperfect grotiused by developmental errors)
(Mgller & Swaddle, 1997). Developmental instabilityay reveal itself as a variation

among replicated or symmetrical organs (RasmugadR)2

Both sides of a bilateral trait are developed asoasequence of the same genome,
therefore random deviations from symmetry of thdstateral traits may reflect
developmental instabilities under given environmaéntonditions (Palmer, 1996).
“Asymmetries of bilateral traits enable the measweet of responses and adaptation at the
phenotypic level to environmental insults” (Yalg@hal, 2001). By using deviations from
perfect symmetry the degree to which the individcah buffer against stresses can be
determined (Yalgin & Siegel, 2002).

When there is a reduction in the available nutsearid metabolisable energy for growth
and other metabolic activities, there is an inceeasthe frequency of asymmetry for the
expressed phenotypes (Mgller & Swaddle, 1997). déselopmental processes proceed
most efficiently under optimal environmental corah (Yalgin & Siegel, 2003) resulting
in minimum levels of asymmetry (Mgllet al., 1999). Any deviations from the optimal
phenotype reflect a reduction in fithess becaushvidual fluctuating asymmetry is
negatively associated with growth performance, isatvand mating success (Mgller &
Swaddle, 1997) and can be used as a measure agbrmental and/or genetic stresses
(Yalgin & Siegel, 2002; Yangt al., 1997). The development of an organism can be
influenced by stresses, which cause malfunctiond deteriorations in the repair
mechanisms of cells (Yalciet al. 2001). Developmental instability measures can ipieov
easy, potentially useful, non-invasive tools foramge of animal breeding and animal
welfare problems (Mgllegt al., 1999). Deviations from symmetry may reflect iability

of the individual to combat stresses of genetierorironmental origin (Yangt al., 1997).



Man’s dominant hand is often larger than the nomidant hand (Watsost al., 2003).
Throughout the ages, horsemen have noticed asymseairhorses, such as the tendency
for a horse to be stiffer on the left and softetttoa right rein. Watsost al., (2003) found
highly significant differences (P< 0.0001) in thengith of the left and right third
metacarpal bones. The growth of the third metaddrpne has ceased by ten weeks of age
and should therefore not be affected by trainingddmns after this age (Fre& al.,
1984). Any asymmetries found in the measurementhefthird metacarpal bone are a
result of the growing process or nutrition of tlteugig racehorse (Watsehal., 2003). The
metaphyseal growth plate contributes about 89%2(&84.1mm) of the length change
(Fretzet al., 1984). The horse’s long bones increase imetiar or thickness throughout
their length, but there is no increase in the lergjtthe shank (diaphysis) after birth. The
increase in length occurs by the growth of the pietaeal plate (the region of linear
growth of the long bones between the epiphysis tAeddiaphysis) at the proximal and
distal ends (Frape, 1986). Murphblyal., (2004) was able to reproduce this idiosyncratic
motor laterality in horses, demonstrating agairt ttmses will tend to favour one side of

their bodies. Perhaps this can be manipulatedauying.

Symmetry keeps the body in a state of stable dujuwitn; asymmetry disrupts this
equilibrium and requires energy to maintain a stdtequilibrium. The relation between
asymmetry and locomotion performance has a negatiwelation and has been recorded
in Thoroughbred flat-racing horses (morphologicirametry and handicap rating), racing
dogs (running speed and asymmetry) and chickegsastry and gait quality) (Mgller &
Swaddle, 1997). Mass and acceleration result icefohsymmetry will result in an uneven
distribution across an axis and the force produsédbe asymmetrical, resulting in a
movement even if the force from both sides (leftl aight) is equal. This will cause a
rotation in the body and a resulting correctionl Ww# required to maintain the body in a
state of equilibrium. This correction will be atetlexpense of energy and a decrease in

overall intrinsic performance and efficiency (M@l Swaddle, 1997).

Morphological asymmetry and the three independesdsures of welfare used in a trial
(tonic immobility, tibial dyschondroplasia and gizalof walking) were used to evaluate
responses of chickens to sub-optimal environmesdabitions (Mglleret al., 1999). It
was found that asymmetries found in the skelegdgdstrat early incubation had a tendency

to decrease towards hatching. This is consistetit wnpublished data that bilateral traits



that occur during incubation converge at diffenatés to ensure a developmental stability
prior hatching (Yalcin & Siegel, 2003). Foals bdrom “luxury” and “cramped’in utero
environments will persistently differ through demginent and parturition in terms of
linear measurements and body size, but the conveegéoward symmetry was not
evaluated in these foals (Allehal., 2004).

Broiler performance may be affected by stresseb sisctemperature, light, disease and
parasites (Yalcin & Siegel, 2002). In a study i¢fh et al.,(2001) it was found that there
were differences in the face length among the sto¢lchickens used with the differences
depending on the age of the birds. It has beendfanrprevious studies with chickens
(Yang et al., 1997) that bilateral asymmetry is a good indicatdr developmental
instability caused by genetic stresses (Nestal., 2002). However bilateral asymmetry
was not a good indicator of developmental stabitityapanese Quail in the trial conducted
by Nestoret al., (2002).

Asymmetry increases the variability of the load g¥dnderet al., 1984) from a
biomechanical point of view. The increased vafigbwill increase pressure, stresses and
strains and decrease performance of the animalfdreéegs of Thoroughbred flat-racing
horses were measured and used to determine if thase any relationship between
performance and asymmetry and none was found. Henvekie hind legs are more
important in determining the speed produced andetiveere not measured (Manning &
Ockenden, 1994). The handicaps placed on raceharsedetermined from the horse’s
performance in previous races. Therefore, horsat tave done well will carry more
weight than those that have performed poorly. Aatigg correlation between asymmetry
and handicap was found in the work done by Manin@ckenden (1994), where the
different segments of the racehorses’ bodies wassuted for asymmetry in relation to
their handicap ratings, and the most asymmetricedds received lowest handicap ratings
(Table 1).



Table 1: Correlations between character asymmaetiyhandicap ratings (plus age
allowance) of flat racing Thoroughbred horses (Mag& Ockenden, 1994).

Character Rating P Rating + age P
Elbow-knee -0.15 0.19 -0.15 0.21
Knee-ergot -0.05 0.65 -0.06 0.64
Knee thickness -0.15 0.21 -0.24 0.03
Coronet band -0.19 0.11 -0.22 0.06
Ear height -0.10 0.40 -0.02 0.89
Incisor height -0.21 0.07 -0.38 0.001
Incisor width -0.12 0.31 -0.14 0.24
Nostril width -0.22 0.06 -0.20 0.09
Cheekbone-ear -0.04 0.72 -0.06 0.59
Cheekbone-mouth -0.35 0.0027 -0.33 0.003
Overall mean asymmetry -0.43 0.0002 -0.48 0.0001

The handicaps are also related to the age of & hassthe older horses are believed to run
faster and are therefore receive heavier handidaps.increases the negative correlation
between asymmetry and handicap (Mgller & Swadd87) Asymmetries were found to
decrease with age. This may be due to the setebias against the most asymmetrical
horses and the more symmetrical horses having taageng careers (Mgller & Swaddle,
1997). Dalin (1985) found that the performanceaftaarnings, races/ horse and race
recordings - min/km) of Standardbred Trotters twate more asymmetrical (with respect
to the hindquarters) were lower than the more symoad horses measured. Leleual.,
(2005) found that older horses had significantlghler earnings than the younger horses
(five year olds earn significantly more than thyear olds) and older horses were able to
achieve significantly faster speeds than the youhgeses. The more asymmetrical horses
had difficulty performing at speed (Dalin, 1985hel more asymmetrical horses were
found to have longer body lengths with greater tleesumferences. The differences in
load distribution were found to be the main causasgmmetries found in these horses. It
also is possible that muscular development can eosgie for the skeletal asymmetry

that has developed (Clayton, 2004).



Determining if there are large differences in thied metacarpal bone length may assist a
trainer in determining which races are suitable &r individual racehorse, as the
differences in the long bone between the two safethe body are likely to have subtle
effects on the co-ordination and balance (Wa&ai., 2003). These differences may also
have clinical significances in determining the aasd effect of unilateral injuries in all
classes of horses (Watseral., 2003). Watsomt al., (2003) also identified that the ability
to race and the soundness of racing around the taay be affected by large differences
between the left and right bones of the limbs @& thcehorse. His study suggests that
there may be selection against horses with larfferences between the third metacarpal
bones. When racing clockwise it has been found tlwases with longer right third
metacarpal bones have some advantage over horgesnere symmetrical metacarpal

bones.

The developmental stability of the foal during ti@wth period can be affected by a
number of environmental factors, which can resoltasymmetries forming between
bilateral traits (e.g. in the limbs). Stress carirfubcated in the asymmetrical development
of skeletal structures, in particular bilateralustures. Symmetry of a bilateral trait is
where both sides are equal in size and length beckfore if someone is asymmetrical
their arms for example are not the same lengthaaedis longer than the other. If one is
asymmetrical the body would need to use more ofet®urces in order to achieve the
same or similar results than horses that are pérfegmmetrical or closer to this. The
effects of asymmetry can be seen in poorer racpesnces by horses that are more
asymmetrical running against horses that are mygmemetrical. It was found that there
was less asymmetry in horses that are ending adarger on the race track than in the
horses starting out. As horses are still growirggghs continue to grow for the first 3 years
—the humerus is still growing at this point) onewabthen think that racing would help
improve their symmetry but this is incorrect on tWwonts. Firstly horses generally work
one way around a track when training and this alooeld produce asymmetries as
working on one side will cause horses to be musigutane sided and if they are still
growing this could affect skeletal structure. Setlprthere is less asymmetry in horses
later in racing because these horses are more syioahat the start and achieve better

results and therefore are retained in traininddoger.



If during the growing phases in a foal’s life ttuafreceives inadequate nutrition, incorrect
exercise and/or experiences poor health etc.,ahlewill be at a disadvantage against the
less affected ones. The nutritional requirements lodrse have been investigated in length
over the last 100 years and further research i§ @dntinuing to determine the

requirements of horses (growing, aging, all degoéegorking or resting).

2.3 GROWTH AND CHANGES IN THE THOROUGHBRED FOAL

2.3.1 Growth

The development of the muscular skeletal syste lodrse increases at a decreasing rate
from birth for the first few years of life (van defarstet al., 2005). There has been very
little change in the growth rates of Thoroughbredl$ over the last twenty eight years
(Green, 1969; Thompson, 1995; Hintz, 1979). Hattal., (1979) and Thompson & Smith,
(1994) conducted trials on the skeletal growth guat and found that there were no
significant changes in the growth rates from 1958391. Growth rates from the trials run
by Hoffmanet al., (1996) were found to be similar to those repblig Hintz etal., (1979)

and Thompson (1995).

The phases of general growth and development a&re isethree-month periods, with the
first three months of growth being the most rapdr{icularly the first month), after which
the average daily gain decreases. From zero te tm@nths there is a high growth rate
which slows in the next three months (three torsonths of age), and slows further over
the next three months (six to nine months of agbg growth periods between six and
nine months and those between nine and twelve rm@rticeed at roughly the same rate
(Green, 1969). This can be seen by the gains ghhaind girth measurements which in
the first three months are only slightly less thlaat of the next nine months. There is a
linear trend in the body weight curve from birthapproximately eight to nine months of
age and there is a marked reduction in the follgwinrteen to fourteen months (Jelen
al., 1996). Foals of both horses and ponies followsdmae pattern of growth even though
they achieve different mature heights (Frape, 19B§)the time a foal has reached six

months of age (time of weaning) it would have reacl85% of its mature height and



approximately 50% of its mature body weight (Kohnk898), therefore leaving the first
six months important in regard to achieving optirsiedletal growth. At fourteen days of
age, the body lengths of the Thoroughbred coltsfdlies were roughly 53.4 % and 54.3
%, respectively, of the body length obtained at 888s of age, which represent gains of

70.9 and 68.3 cm, respectively (Thompson, 1995).

Young foals fed for rapid growth may not maximigabé growth, as there is a smaller area
of new bone growth (Thompsabal., 1988a). By manipulating the weaning process, diet,
feed intake and protein: energy ratio, the growdtes and skeletal development of a
growing horse may be controlled (Thompsbrl., 1988b). In controlling the growth rate
of young Thoroughbreds, one should be able to edbe incidence of developmental
orthopaedic disorders and therefore potentiallyroxip symmetrical growth and ultimately

improve the performance life of a Thoroughbred &ors

2.3.1.1 Average Daily Gain (ADG)

There are four phases in the ADG of a foal in ir& fwenty months of life. The phases
are: birth to one month (where the most intensevtiramccurs), one to twelve months,
twelve to fifteen months and fifteen to twenty mun{Jelaret al., 1996). The ADG for the
first month of growth for Thoroughbred foals wasrfid to be in excess of 1.6 kg/day.

From one to four months of age the ADG ranged betw@9 to 1.0 kg/day, and decreased
to roughly 0.5 kg/day at eleven to twelve monthagé (Figure 1).

10



600 1.5

500 |\ 1125
\ 5
400 - 11 D
g \ g
£ \ g
2 300 \ 0.75 =
s /Q 2
(]

©
o =
D 200 AN N 05 2
\ D
~
100 - ~ 1025
~ ~
b N — —
0 ‘ ‘ ‘ 2o
0 12 24 36 48

Age (months)

Figure 1: Proportional decrease in the daily weggih as body weight increases (after
Frape, 1986).[{0 Body Weight,- - - Daily Weight Gain)

The growth curve of the crossbred ponies descrilye@ampbell (1981) and those of the
Thoroughbreds used by Green (1969) were found tsirbgar. However the ponies grew
at a slower rate. Table 2 (Campbell, 1981) showsvtir comparisons of the long bones of

ponies and Thoroughbreds from birth to one yeagef

Table 2: A comparison of growth (in cm) to twelvemths of age of the long bones, in
ponies and Thoroughbreds (after Campbell, 1981)

Months 0-3 3-6 6-9 9-12  Total
Mean of 6 pony foals * 13.2 6.6 5.0 3.8 28.6
Mean Of approximately 40 thoroughbred féals19.0 9.9 6.1 5.8 40.8
* Campbell (1977) Green (1969)

There are different phases in the growth of a yoooige, with the most intense growth
occurring very early in the foal's life during tispring and early summer months before
slowing down in late summer (Green, 1976). The ghawtes of the yearlings in Kentucky
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were found to follow pasture growth, season anchtzature Pagad al., (1996). It was
found that in the Northern Hemisphere (Kentuckgrl$ born early in the year during
early spring were able to maintain an advantagez@ up to maturity over those that were
born later in the summer, (Thompson & Smith, 199%his signals that early nutrition is
critical. The growth rate of the foal is relatedthe amount of milk produced by the mare,
her milk yield being largely dependant on her riatnial status (Jelaa al., 1996), which
can be related to the seasons. Table 3 shows fiset ef month of birth on the wither

growth and weight gain.

Table 3: The effects of month of birth on Thorougdtbfoals in the Northern Hemisphere
(after Hintzet al., 1979)

Age
30 days 540 days
Month of birth Weight (kg) Height (cm) Weight (kg) Height (cm)
Feb - March 95.3 109.2 396.9 153.7
April 97.5 110.5 402.8 153.7
May 100.7 111.1 403.7 153.7

It has been determined that the height of the wstiheflects the long bone growth of the
front legs (Frape, 1986). A study by Je&ral., (1996) found the average height at birth
(104.4 cm), six (132 cm) and twelve (146 cm) montlese 67.4%, 85% and 94.5 %,
respectively, of the height attained by twenty nhenbf age. There is a rapid increase in
height at the withers in the first three monthdifef as much as 8 cm/month in the first
month and then down to less than 3cm/month betweamnths three and four, after which
their increase is gradual until at approximatelyrfeen months of age when the beginning
of a plateau is reached (Jektral., 1996). By sixteen months the rate of increaseeigtit
has dropped to less that 1cm/month and by eightesrths of age there is no noticeable
change in wither height (Jela al., 1996). The hip height growth rate and that of the
wither growth rate were found to progress at a laimiate, with the hip height being

slightly longer throughout the trial by 2-3 cm (Thpson, 1995).

Hintz et al., (1979) found that Thoroughbred foals obtained 46%80 and 80% of their
mature weight (roughly 500 kg) by six, 12 and 181ths, respectively. However, a study
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by Kavazis & Ott (2003) found that the body weightsthe trial animals were lighter at
six, twelve and fifteen months of age than horsesthe Thompson (1995) trial.
Measurements for wither height; body length andh@ght were similar to those that were
found by Thompson (1995). The differences werdyike be due to (i) the differences in
the genetic pool available, as both groups of @i@mals were Thoroughbreds however
from different areas namely Florida and Kentuckyd &i) management routines as horses
were from different yards, and the trials done bav#zis & Ott (2003) and Thompson
(1995) were conducted 8 years apart.

Body weight gains of both fillies and colts werengar from eight to ten months of age,
then the colts grew significantly larger and higfEnompson, 1995). Table 4 shows the
increasing body weight and wither heights of caltd fillies found by Hintzt al., (1980).
Green (1969) reported in a trial that there wassigmificant difference in the average
height and girth measurements between colts alnekfilThese measurements were taken

at 14 days and then at aged one month and themamthly basis until one year of age.

Table 4: The increases in body weight and withegtteof Thoroughbreds between 2 and
540 days of age (Hint al., 1980).

Age (days) body weight (kg) Wither Height (cm)
Colts Fillies Colts Fillies

2 52.2 51.3 100.3 99.7
60 136.5 134.7 118.3 118.1
180 244.9 235.9 134.6 133.0
540 435.5 401.4 154.3 152.4

At birth the average height measurement of the dgakeds that of the girth measurement
by nearly 17.78 cm (Green, 1969). With the rapimingh of the foal in the first few months

of life this changes so that by four months of #ge measurements of both height and
girth are similar. After four months of age therease in the girth measurement proceeds
at a faster rate than that of the height and alveveonths of age the girth measurements

can exceed that of the height by nearly 12.7 cre€@r1969).
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2.3.1.2 Bone Growth

The equine skeleton consists of various bones (€igy which form the bony scaffold to
which muscles attach. These bones form joints at@nboth ends producing the supple

nature of the skeleton and allow for movement (l4a2602)

occiput  atlas thoracic vertebrae (18-19)

orbit sacrum
cervical vertebrae (7) lumbar vertebrae (5-6) (5 sacral
scapular tuber coxae veriebrae,
molar teeth T coxofemoral ( hip)
% . >, 7 |f
$) , 74 IVT H“H1 graatef trochanter
incisor teeth ~ scapula LY/ AR ischium
shoulder joint !
mandible humerus E coccygeat
(lower jaw) sternum \ \ =iy ‘venebrae{w}
elbow joint palella ‘ femur
stifie |0|nt ~fibula
radius "*ulna }' 5 tibia
carpus(knee joint) = acc?ssnry cerpal ’._:_.f _\,f itk
third metacarpal (cannon) bone { (pisiform) bone ]
fetiock ioint . : f t| small metatarsal
‘ ] \_ proximal : k ' (splint) bone
proximal (first) phalanx b , - sesamoid A /o2 :
- % 4y bone £ -4 sesamoid
middle (second) phalanx zoth.
distal (third) phalanx 1arsus ciog
distal distal (hock) joint  large metatarsal
interphalangeal sesamoid (cannon) bone
The skeleton  (coffin) joint  (navicular)
bone

Figure 2: The equine skeleton (after Hayes, 2002)

In order to attain these increases in height aacetbre body weight the bones are required
to grow. Bone grows (increases in length and widithyn the growth plates found at the

proximal and distal ends of the long bone, the leggpal plates (Jacksen al., 2003).

The growth rate of foals is intense in the firstvfmonths of life and with increasing age
this growth rate slows (Green, 1961; 1969). Howeséer 80 days from birth the rate of
growth slows down and there is very little new baadeled to the metacarpal, metatarsal

bones and the phalanges and no obvious lags dssperobserved (Campbell, 1981).
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Most of the increase in length from the knee tagrasand hock to pastern occurs in the
first five months of life. Thompson (1995) founctieases in the knee to pastern of only
2.6 and 2.8 cm for colts and fillies, in the fifis,e months and another increase of 1.4 and
1.6 cm, respectively, in the next sixteen montf%he increases in the hock to pastern
length in the first five months were 3.3 and 3.1 funcolts and fillies and in the next
sixteen months there was an initial increase ofahd 0.5 cm, respectively (Thompson,
1995). The trial that Hintz et., (1979) conducted found that the greatest amouhboé

elongation occurs during the first few months t.li

The average measurements of the circumference eoirtbtacarpal bones was 0.91cm
greater in colts at birth than the fillies andva¢lve months this difference was recorded to
be 0.89 cm greater for the colts than the filli€reen, 1969). This difference was
maintained for the first twelve months of life. Thecrease in the circumference of the
metacarpal bone was not affected by environmeagaeor work and there was very little

gain from twelve to thirty six months of age (Gre#a76).

Low correlations between wither height and cannamelcircumference were found (Hintz
et al., 1979; Thompson & Smith, 1994). However Hirgz al., (1979) found high
correlations between body weight at birth and latedife, which was not found by
Thompson & Smith (1994), but found also by Allehal., (2004). There are low
correlations between the growth measurements atitfegent times and this indicates that
there will be difficulty determining body size fromsingle growth measurements
(Thompson & Smith, 1994). The highest correlatiasviound to be between body weight
and heart girth (Kavazis & Ott, 2003). There araatmpns to determine the body weight of
a horse based on body length and girth circumferé@arroll & Huntington, 1988)

Growth plates are closed at nine to twelve monthsge (Campbell, 1981). After twelve
months of age, there are four growth areas in dhelib that still contribute to growth
(Campbell, 1977). Between six and nine months df, dge phalangeal growth plates
ossify and therefore no longer contribute to thewgh in length of the limbs (Campbell,
1977). The metacarpal, metatarsal bones and tHarges show little growth, (5 to 10%
of their original length), compared to the othené® which show growth of up to 50% of
their original length (Campbell, 1981). The clostiree and percentage increase in bone

length of the fore and hind legs of growing foagepresented in Table 5. The growth of
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the metacarpal and metatarsal bones is about 4¥%edjriginal length and the growth of
the phalanges is about 10% of the original lenGdnipbell, 1981).

Table 5: Time of closure of the physis and peraggniacrease in length in bones of
growing Thoroughbred and Quarter Horse foals (&@&mpbell, 1981)

Bone Length of bone Increase at each end (%) Age at closure of growth
(cm) plates (weeks)
0-7 days 2 years Proximal Distal Proximal Distal
Femur 22 31 24 20 55 55
Tibia 21 29 22 17 60 60
Radius 21 28 12 24 54 69
Humerus 16 23 31 11 80 70
Metatarsal 23 24 5 40-44
Metacarpal 18 19 5 40-44

The growth of the third metacarpal bone cease®byeeks of age and should therefore
not be affected by training conditions after thgea(Fretzet al., 1984), therefore any
asymmetry found in the third metacarpal bone amesalt of the growing process or
nutrition of the young racehorse (Watsenal., 2003). The metaphyseal growth plate
contributes about 89 %( 4.1mm) of the length chgfgetzet al., 1984).

The proximal end of the femur and tibia contrib6&% of the growth and the distal end
makes up the remaining 45% of growth (Campbell,1)98he growth of the femur in

foals is different to that of the pig, goat and lmmmThe tibia and humerus growth is
similar to other animals (dogs, goats, humans ags),pcontributing 75% of the growth at
the proximal end of the humerus. The radius shomeatgr growth at the distal end than
the proximal end as seen in other animals, withtth@ growth of the radius being less
than that of the tibia (Campbell, 1981).

2.3.2 Weaning

Weaning is the process of customising a young mdrtortake nourishment from sources

other than by suckling from its mother. In orderaichieve this, the mare and foal are
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separated from each other. Foals are generallyaueaetween four and six months of age,
depending on the development and size of the &vailable pasture, seasonal conditions
and physical state of the mare, with most naturaiyaning themselves by five months of
age (Kohnke, 1998). Weaning is one of the moststué periods in a foal’s life and can
predispose a foal to injury, disease or reductiomrowth rates (Apter & Householder,
1996). McCallet al., (1987) found that a more relaxed emotional stath@fwveaned foals
was beneficial as they were less likely to injurenhselves and there was a reduction in

disease.

A well managed weaning program is one that minisitbe psychological, nutritional and
health stress of the foal (Kohnke, 1998). It hasnb#&und that weaning a foal with
another, as a stall companion, appears less stteasfthere are lower rates of neighing
immediately after weaning (Houmt al., 1984), but there can be more incidents of
aggression (flattening their ears, biting or theeatg to kick) when the weaned foals are
placed in stalls in pairs (Hoffmaat al., 1995). In an earlier study (Hougtal., 1984), it
was found that foals weaned in pairs appeared d#sssed, due to lower vocalisation
levels. However observation by Hoffmahal., (1995) found that foals weaned in pairs
were less vocal due to stall companions being rein aggressive behaviour suggesting

that weaning in pairs has little or no appareniaadzge.

Short periods of separation from the mare priovéaning would not appear to lessen the
stress of weaning, as foals with experience of regijoam were more vocal than those that
did not have experience of separation (Hougit al., 1984). The release of
adrenocorticotropic hormone (ACTH) is a featureth®d stress response (Hoffmeinal,.
1995). There is a high correlation between ACTHboese and behaviour score in weaned
foals indicating that either can be used as indisabf weaning stress (Hoffmaet al,.
1995). ACTH levels showed that neither of the ses@ged better with weaning stress
(Hoffmanet al., 1995). Foals that are separated abruptly frormtaees have significantly
higher adrenal responses (P< 0.05) and pre-ACTHdl {&<0.05) and post-ACTH peak
plasma cortisol concentrations (P<0.05) than foladég are gradually weaned indicating
that they are more stressed at abrupt weaning (MeCal., 1987).

Excessive weaning stress may have negative efbectise foal’s appetite, metabolism and

immune competency (Hoffmaat al., 1995). Loss of weight and failure to grow optitpal
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are the more common problems associated with wgafhilouptet al., 1984). Physical
signs of stress include weaving, pawing, rearimgy@od chewing (Hoffmaet al., 1995).
An increase in frequency in neighing, steps, uimatnd defecation after weaning were

found, indicating an increase in emotionality (Hoetpal., 1984).

Rogerset al., (2004) found that regardless of the weaning oekih decrease in the ADG
was seen the first week after weaning with no éféecthe post weaning ADG both short
term (10 days after weaning) and long term (up 8 4lays of age). There was no
significant difference between foals weaned abyuptid those weaned gradually with
respect to the ADG (McCalkit al., 1987; Rogerst al., 2004). Weaning stress can be
significantly reduced if a foal is given a creepdeorior to weaning, be it abrupt, gradual
or stall weaning (Apter & Householder, 1996). Thaikbility of a pre-weaning creep
feed seems to moderate the stress that is invatvexdal separation weaning as foals on a
pre-weaning creep feed that were abruptly weanedtlamse of the control (foals fed a
creep feed and not separated from the mare) itritleeonducted by McCalit al., (1987)
were not significantly different in respect to atkieresponse. Weanlings should be fed 1 —
1.5 kg/100g body weight daily of a good quality centrates (Kohnke, 1998). Foals fed
pre-weaning rations gained more weight ultimatélgraveaning. Foals not offered a pre-
weaning ration had initially higher weight gain tbe first two weeks after weaning. Foals
fed the pre-weaning rations were found to be tditlmn days 10 to 100 (Thompsehal.,
1988a) and colts gained more height than fillies (P05) (Ott & Asquith 1989). From
days 100 to 130, the non-supplemented foals gaimae than the creep fed foals. This
early rapid height growth by the creep fed grouptteearlier attainment of height and to a
slower change in the wither height later in thelgt(Thompsoret al., 1988a).

Feeding a concentrate in regards to weaning stress have its advantages due to the
mineral content that will be supplied to the fo@toffmanet al., 1995). Foals on pasture
supplemented with hay only had lower ACTH levelarththose of foals on pasture
supplemented with a pelleted concentrate (P<0.0®H9ffman et al., 1995). The
physiological response to stress showed that foalpasture and supplemented with a
pelleted concentrate faired better than foals ostysa supplemented with hay only
(Hoffmanet al., 1995).
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2.3.3 Post Weaning Nutrition and Feeding

The rate at which a young animal grows will be acfion of the nutrients available, how
well its energy and protein needs are met by thg the age of the animal, genetic growth
potential and its previous growth history (Ott, 2R(During the first week of life, normal

healthy foals will suckle between 100 — 105 timies ¢nly about a minute at a time) in a

twenty-four hour period (Kohnke, 1998). Table 6\wwhdhe nutritional composition of the
mare’s milk.

Table 6: The composition of Thoroughbred mares i@kai, 2001)

Time  Total Energy . Zn  Fe
. Protein Lactose Fat Ca P Mg Cu
after  solids (MJ/

% % %) (%) (%) (%) (% (mgf- (mg/
foaling (%)  1009) (%) (%) (%) () (%) (%) (%) kg)  ka)

Oday* 19.1 0431 12.3 4.0 1.5 0.08.07 340 11 7.1 1.7
lweek 10.5 0.219 2.7 6.2 1.3 0.1208 90 0.6 25 1.3
7weeks 10.1 0.206 1.9 6.6 1.3 0.0805 40 04 23 11
17weeks 10.2 0.207 1.8 6.8 1.3 0.m04 20 03 21 0.9
* colostrum

The foal will start imitating its mother by nibbgngrass as early as five to seven days of
age. Kohnke (1998) found that the forage intakerdmutes little to its nutrition at this age
(Figure 3). The mare’s peak in lactation occurs uabtwo months after weaning,
coinciding with the foal’s most active growing pedi Up until this point the mare’s milk
has been sufficient in supplying the foal with thié nutrients that are required (Kohnke,

1998). The pasture and feed begin to contributeifgigntly to the requirements of growth
after this stage.
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Figure 3: A representation of the contributionglibferent feeds and the mare’s milk to the

foal's diet from birth to weaning age. (after Kolenk 998)

Creep feeding can increase rate of growth witkelitkecrease in the bone quality as the
additional nutrients and minerals are adequate éetnmutritional needs and maintain
skeletal quality in fast growing foals (Thompsenal., 1988a). It is better to slightly
underfeed a foal, encouraging slower growth rates@olong their growing period, than
maximise growth by over-feeding them and restrigctexercise (Kohnke, 1998). Creep
feeding was shown to have significantly (P< 0.08ater cumulative effect on the body
weight gains, wither height and third metatarsahéb@Mt 1ll) length when compared to
non-supplemented foals - which had gains similahtse reported by Hint al., (1976)
and Thompsomt al., (1988a). The Mt Ill cumulative gains were sigeahtly higher (P<
0.05) for the creep fed group in a trial by Thompsbal. (1988a). This suggests that
during peak lactation supplemental sources of ewtsi may be beneficial to meet
requirements for rates of growth that milk supplpng may not be able to meet
(Thompsoret al., 1988a).

The energy requirements for growth and maintenaareecalculated by the following
equation (NRC, 1989):

DE (MJ/day) = maintenance DE (MJ/day) + (4.81 + 1T7X?)(ADG)
Where: ADG = Average Daily Gain (kg/d)

X = age (months)

DE = Digestible energy required per kg of gaiti{day)

20



The NRC (1989) provides digestible energy requirgné€Table 7) for a growing foal and
expected nutritional requirements of a growing fa#h mature body weights of 500kg
(Table 8). A decrease in growth and developmeryoing animals is seen when there is
inadequate protein or lysine intakes (NRC, 1989).

Table 7: Digestible energy requirements for growiftfoals (NRC, 1989).

Requirement

Age
(Kcal DE/kg of gain)
Weanling, 4 months 38.07
Weanling, 6 months 46.02
Yearling 64.85
Long yearling, 18 months 76.99

2 years old 82.01
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Table 8: Daily Nutrient requirements of horses (&@0mature weight) (NRC, 1989).

Growing Weight %‘2:?: DE F?r:)l{[gien Lysine Calcium  Phosphorus Magnesium Potassium Vitamin A
Horse (kg) (kg) (Kcal/day) ) (9) (@) (@) (@) (@) (10° V)
Weanling
4 months 175 0.85 60.25 720 30 34 19 3.7 11.3 8
6 months
Moderate 215 0.65 62.76 750 32 29 16 4.0 12.7 10
growth
Rapid
Growth 215 0.85 71.96 860 36 36 20 4.3 13.3 10
Yearling
Moderate 555 950  79.08 851 36 29 16 5.5 17.8 15
growth
Rapid
Growth 325 0.65 89.12 956 40 34 19 5.7 18.2 15
Long yearling
Moderate 450 035 8284 893 38 27 15 6.4 21.1 18
growth
Rapid 400 0.35  110.88 1195 50 36 20 8.6 28.2 18
Growth
Two year old
Moderate 50 020  78.66 800 32 24 13 7.0 23.1 20
growth
Rapid 450 020 11004 1117 45 34 19 9.8 322 20
Growth

" 18 months of age



The NRC (1989) recommends a ratio of 70:30 for amceatrate: roughage ration for
weanlings and 60:40 for yearlings. The data proddmeOtt (2001) showed that weanlings
consumed concentrate and roughage at a ratio 886&@r weanlings and a ratio of 64:36
for yearlings. Ot{2001) found that the daily energy intake (MJ/d) fiaranlings was less
than that stated by the NRC (1989) by 1.3 MJ/d. y&arlings the intake was found to be
2.59 MJ/d more than stated by the NRC (1989).

A study conducted by Staniet al., (2001) showed that improving the quality of piot
fed to growing horses would result in enhanced ¢norates. Fortification of lysine and
threonine in the growing horse’s diet will enabldexrease in the quantity of protein fed
while promoting optimum growth in Thoroughbred fmalt is important to maintain a
minimum of 1% of Body Weight as roughage intaken@intain good gastrointestinal tract
motility (Kohnke, 1989; NRC, 1989).

Foals maintained on pasture fed a diet rich inchtamd sugar were found to grow at
similar growth rates as foals fed on a diet riclfisihand fibre until ten to twelve months of
age where there was a decline in the conditionvegidht in the foals fed the diet rich in
starch and sugar (Hoffmaat al., 1996). This impaired performance continued uthd
foals were placed on the fibre/fat rich diet wheoenpensatory growth occurred, with the
result that within seven months the two groups waréhe same condition and weight
(Hoffman et al., 1996). It was found that the fat and fibre irt@centrate gave some
protection against the high sugar and low fibreteonof the spring pasture (Hoffmah
al., 1996). The wither and hip heights, length ofyaddrearm and cannon bones, girth and
circumference of physis and fetlocks were simitaboth groups. The girth circumference
did reflect the change in weight but there was werall change in the frame size
(Hoffmanet al., 1996).

High dietary levels of protein, energy and Ca awiray nutrient: Ca ratio can alter skeletal
development (Thompsaat al., 1988b). Trace mineral supplementation was founiatce

a positive effect on the bone mineral depositioyedrlings when the natural diet content
of trace minerals contents were lower than themguendations of the NRC (1989) (Ott &
Asquith, 1989). Inadequate trace mineral intakd veitluce bone mineral deposition in
yearling horses, and the trace minerals most likelipe limiting in typical diets are zinc

and copper (Ott & Asquith, 1989).
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The bone mineral content of the Third Metacarpus (N) is influenced by the diet and
the time (incorporating age, season, weight ant).drea trial by Hoffmaret al., (1999) a
change in diet (from mainly milk to pasture and @ements) and the onset of winter
(resulting in a decrease in activity) resulted latgaus in the bone mineral content. Mc IlI
bone mineral deposition was significantly increabgdhe highest level of trace mineral
supplementation (1.0%TM premix) in a trial conddcty Ott & Asquith (1989). Growth
of the long bone is inhibited when there are defitievels of Ca in the diet (Thompsetn
al., 1988b).

The bone formation of the foal may be limited ondiat rich in energy without a
proportional increase in protein because the halbric intake results in an increase in
weight gain with very little effect on the skeletidvelopment. However, when the diet is
rich in energy and protein, there is an increasbkady weight (BW) and skeletal growth
(Thompsoret al., 1988b). High planes of nutrition increase BW gans growth rates of
several long bones with the skeletal developmenttiGal area) being compromised
(Thompsoret al., 1988b).

When horses grazing rapidly growing pastures argplsmented with grain-based
concentrates the hydrolysable carbohydrates mapnhbecexcessive (Hoffmamet al.,
1999). Further complications can be seen as dahainitis and developmental orthopaedic
diseases. Rapidly fermenting carbohydrates becoxeessive when rapidly growing
pastures are supplemented with concentrates ricstarch and sugar (Hoffmaet al.,
1996).

2.3.3.1 Developmental Orthopaedic Disease (DOD)

Prevention is better than cure when it comes tdifggor overfeeding as by the time the
signs of DOD’s are present the skeletal damagebleas done (Kohnke, 1998). Ott &
Asquith, 1989 found that long bone length growtlaptyseal growth, the presence or
absence of microscopic abnormalities and bone milisation are all measures of skeletal
development of animals. Most DOD’s occur from 3-®@nths, corresponding to the

provision of inadequate exercise, or imbalancetsdi€¢ohnke, 1998). Foals that are born
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with or acquire angular and flexural limb defonesst require rapid adjustments in order to
grow and develop so that future performance iscootpromised Trumble (2005). The
developmental stage between weaning and yearlimgisghe most crucial (Kohnke,
1998). It has been found that foals between the afesix and twelve months of age
affected with Developmental Orthopedic Disease (D@2re heavier than unaffected
foals (Jelaret al., 1996). Unaffected foals appeared to be tallahatwithers, however
neither of these differences where found to beifsogimt. By fourteen months of age there
was very little difference in weight found betweafiected and unaffected foals. Early
weaning could control the extra weight as well &gtady control and monthly weight
monitoring (Pagaet al., 1996) in order to minimize any potential DOD'’s.

Seasonal changes had the largest effect on theviggations (for physitis, joint effusion
and flexural and angular limb deformities) ratheart the concentrate diet (Hoffmetnal .,
1999). Physitis was related to the nutrient intpkier to weaning and to the spring pasture
growth (Hoffmanet al., 1999). Winter brings cooler temperatures indrepshe energy
demand for thermoregulation and winter coat gromtlkeaning occurs during this time
which stresses foals. As well as a change in tfemding habits, pasture quality decreases
resulting in less nutrients available for growth @fl which results in a decrease in the
growth rates (Staniest al., 2001).

High rates of growth and growth spurts are not sahle as they lead to DOD’s (enlarged
growth plates or epiphysitis, contracted tendontgrnal abnormalities in the knee, hock,
and fetlock joints and bone malformations of thénapcanal in the mid and lower
vertebra). Over growth is often stimulated by dietsessively high in energy combined
with low Ca or imbalanced trace minerals with restd or inadequate exercise (Kohnke,
1998).

DOD’s requiring treatment occur during all phasdésgomwth from birth to sales (as
yearlings) with a higher occurrence between weaaimg) the end of December (the trial
was conducted in Ireland, the Northern Hemispheuk therefore in the winter months)
(O’Donohueet al., 1992). There was no significant difference in freguency of the
initial diagnosis of DOD’s found between the sek@®ugh the seasons except during the
suckling period where fillies had a significantbwler incidence of DOD’s (O’Donohust

al., 1992). Angular limb deformity is 1.4 times moré&elly to occur in animals with
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physeal dysplasia than animals without (O’'Dono&ua,, 1992). No significant difference
was found between the fillies and geldings in tlegdosis of rotational limb deformities
between the seasons (O’'Donoletial., 1992).

Some DOD’s that commonly affect growing Thorouglsrare epiphysitis, angular limb
deformities, osteochondrosis dissecans (OCD) andbléo syndrome.

2.3.4 Exercise

In the first year postpartum the musculoskeletateay passes through a period of dynamic
growth, development and intense alterations. Bmwrental and genetic factors shape the
mental and physical abilities of the foal which lvdetermine its athletic ability and can
potentially result in clinical developmental ortla@gic diseases (Barneveld & van
Weeren, 1999). Thoroughbred racehorses are branightraining at eighteen months of
age and are racing in maiden races by the agemfAnthis age there is a high turnover of
horses in training and competing. If the horseatperforming and the expenses incurred
by upkeep and training are found to be unfeashxehiorse is sold and removed from the
racing circuit. Raulet al., (1989) tested whether exercise would affect theanzepal size

in growing horses and it was found that there wasifecantly (P < 0.01) greater gain in
the circumference at the mid-point of the metadaipaexercised horses. Different
measuring techniques have in the past resultedferehces in data reported. For example
the measurements reported by Hietal., (1979) were found to be less over a similar time
period. The increase in size of the third metaaappne was due to an increase in bone
diameter as well as an increase in the size ofeihéons. This would enable the lower leg
to withstand the rigors of the work the leg is estpd to perform. Growing bone adapts
more readily to stress than mature bone and ihésefore in the best interest of the
growing foal to be exercised in order to gradualkvelop more structurally sound bone
and reduce the risk of injury or breakdown (Ratéal., 1989).

Raubet al., (1989) found there to be no significant differermetween two groups of
weanlings, exercised and non-exercised (EX and NEXerms of mean wither heigh® (
> 0.10) and wither height gai® & 0.05). However the EX group had significanthaher
(P < 0.05) body weight. The body weight gains anchiitheight gains were found to be

26



similar to other studies (Hin& al., 1979; Thompsost al., 1988). It was found that young
animals are able to respond and recover better @@ mature animals as the young
tendon can respond to load by synthesising and teaaing the integrity of the matrix
while the mature tendon has limited ability to do $herefore controlled exercise may
have beneficial effects on the development of tendgtracellular matrix which would
condition it for the inevitable damage that ocaarthe exercised mature animal (Sméth
al., 1999).

Barneveld & van Weeren (1999) found that a cerdamount of well-distributed exercise is

essential for optimal balanced musculoskeletaluésslevelopment and that pasture
exercise was the most superior form of exercisehN@iding exercise, in the form of box-

rest led to retardation in skeletal developmentilevbprint training resulted in enhanced
bone mineral density compared to pasture exer€ise.same results were found with the
Na'/K* pump in the muscular tissue (Barneveld & van Weet899).

Presentation of a balanced diet and an exerciseeethat is best suited for the individual
horse will minimise the negative effects of baddieg and training on the development of
a growing foal. A simple equation where by nutntiand exercise are controlled and
modified to achieve a sound young horse proposeiobmke (1998) is:

Optimal
Balanced Nutrition /dei?ggt: + AsRseegsuslr%rent = Steady
Growth
Adequate energy i
Ca:P ratio ﬁg:ﬁiﬁ;lg’ Every 2-3 weeks to  Avoid catch up
1.2-2.0:1.0, Cu addocky check for limb and or restricted
30-50mg/kg feed, gxercise hoof abnormalities growth

Condition Score 2-3
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2.4 ASSESSING GROWTH

Over time the growth of domestic animals has begmntfied by body weight, average
daily gain and changes in length and circumferefte. techniques in obtaining various
growth indicators include the calculation CarrollHuntington (1988) devised ((gifthx
length)/11800), taking carcass samples (Barneveldi&Weeren, 1999), the use of digital
assessment (Anderson & Mcllwraith, 2004; Thompd®95), weight and measuring tapes
(Carroll & Huntington, 1988), radiographs (Barnel/& van Weeren, 1999; Campbell,
1977 & 1981) and weighing scales (Pagaral., 1996).

Constant assessment of growth is expensive and consuming. Digital photographic
measurements provide a simple means of growth steses. Kavazis & Ott (2003) used
this method when determining growth rates of Thghiwreds in Florida. Data collected
using this procedure was found to be similar to sneaments taken by Thompson (1995)
even though the foals were lighter at 6, 12 andnidhths of age. When comparing
measurements taken from photographic material twoeild factor in the potential for
discrepancies that may result from differencesnigleéof the photograph, movement of the
horse, focal length and dimensional planes (Ande&dVicllwraith, 2004) Anderson &
Mcllwraith (2004) used annual photographs to phe tonformational measurements of
Thoroughbred horses over a four year period. Thredsowere made to stand on a flat
horizontal surface with the assistant holding a sungag stick. When taking the
photograph a calibration device/measure shouldl&deed in the same plain as the horse
being measured in order to ensure accuracy inre#ily the computer program. The
measurements were made from specific referencespointhe horses in the lateral, caudal
and cranial view photographs of each horse. Thta @as then analysed and revealed
strong correlations (P<0.001) between the heighhefwithers and the long bone lengths
at all ages. This study found that there is a %-ihcrease from weaning to 3 years of age
in the third metacarpus, third metatarsus and feot back pastern and that most of the
growth was completed prior to reaching yearlingustaThis coincides with findings by
Hintz et al., (1979) and by Campbell (1981). In another stogyAndersonet al., (2004)
determining the role of conformation on the musskébetal problems in racing

Thoroughbreds, the same technique was used tondetebody length measurements, as
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with the work of Mawdsleyet al. (1996). This tool can provide a useful means for
retrieving growth and symmetry measurements fordghbred foals.

2.5 CONCLUSIONS

There has been little to no change in the growtiasraf the Thoroughbred horse over the
last thirty years providing us with a base for camgon. Animals grow in stages with
different segments of the body growing at differextes depending on the nutrition, breed,
sex and duration of development of the animal (Asoleet. al,. 1984; Berget al. 1978 ;
Fortin et al.,1981). Besides breed and nutrition, there are nomserfactors that can
potentially affect the skeletal growth of the Thagbbred foals. Factors such as stress
resulting from weaning time and method, as wellraming and exercise may potentially
affect the growth and development of individuall$odn ideal conditions with optimal
resources, a foal will have every opportunity ttaiat its potential and perform at its
highest level. However, if the conditions are nptimal there is a possibility that the foal
will not reach its potential and performance mayfiected.

Some stress is manifest as developmental orthapadestirders (for example physitis and
osteochondrosis) and loss of symmetry. The enmsont of effects can also manifest in
asymmetries of bilateral traits. These effects I gkeletal development of the growing
foal can potentially be reduced if the causes aandbntified and corrected resulting in
more symmetrical and potentially higher performhmyses. Symmetry may be inherent
but training and racing of the horses may also €adoss of symmetry, which may
influence racing performance. It has been shoven tifle more symmetrical racehorses
compete for longer with higher earnings. Horse® a@ppear to display motor laterality,
which can be exploited in racing. If asymmetries de induced, they can also be
managed, with concomitant benefits in the managerard performance of the young
racehorses.
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CHAPTER THREE

A COMPARISON OF PHOTOGRAPHIC AND TAPE MEASUREMENTS IN
HOLSTEIN-FRIESIAN CALVES USING IMAGE ANALYSIS, AND THE
EFFECTS WEANING TIME WILL HAVE ON GROWTH AND RELATI VE
ASYMMETRY.

3.1 INTRODUCTION

Image analysis has been used to monitor and eeainatu, the growth of Thoroughbred
foals (Anderson & Mcllwraith, 2004; Kavazis & O®003; Thompson, 1995) and has
many merits. One should not stress the animal taimlhe required information as this
stress can manifest itself in the skeletal devekmnof the animal (Badyaeat al., 2000;
Yalcin & Siegel, 2002; Yangt al., 1997). Young animals grow at rapid rates and the
monitoring of this growth has significant econonhideenefits. Weekly body weight
measurements in broilers in comparison to the bme@magement manual (Ross/Cob
Manual, 2006) allows adjustments in the feed/emrirent to be determined. When using
continuous assessment any changes in managemergroath strategies can be

implemented sooner.

Kavazis & Ott (2003) concurred with measurementsenaby Thompson (1995) from
photographic material even though the foals wegbtdr in body weight at 6, 12 and 15
months of age. The question of whether a lineaagenanalysis measurement reflects
growth of a three dimensional animal has been amzivey Thompson (1995), who
suggests that all comparisons of growth can beteglavhether one uses linear
measurements obtained through image analysis eitu measurements of the body, as
long as a calibration device is used in determitinggbody/bone lengths.

The developmental process proceeds most efficiemtiger optimal conditions, from
which deviations contribute to the instability ofateral traits (Yalcin & Siegel, 2003).
Consequently, changes in the environment can resualhanges in symmetry of the body
(Leary & Allendorf, 1989; Yalcin & Siegel, 2002; ¥ig et al., 1997). Minimal levels of
asymmetry are found (Mglleat al., 1999) when developmental processes occur under

optimal conditions (Yalgin & Siegel, 2003). Symnyets the balance of arrangement of
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bilateral traits (in this case, bone growth of tatal traits); asymmetry is lack thereof. That

is why weekly/monthly evaluation of growth in anih& important.

In canines the occurrence and severity of orthopagideases is the result of not only
inheritance and environment but also of nutritiBledhammer, 1996). Too little as well as
too much of a nutrient would affect the growth rafecanines, particularly the larger
breeds. Horses reflect a similar response to ranat deficiencies and surpluses (Jetin
al., 1996; Kohnke, 1998; Pagahal., 1996).

Mgller & Swaddle (1997) found that the differendetween the two sides of a bilateral
trait can be used for sensitive measures of devetopal stability. Both sides of a bilateral
trait are developed as a consequence of the samoengetherefore random deviations from
symmetry of these bilateral traits may reflect depmental instabilities under given

environmental conditions (Palmer, 1996). Symmetgds the body in a state of stable
equilibrium; asymmetry disrupts this equilibriumdarequires energy to maintain a similar
state of equilibrium which occurs at the cost obdarction resulting in a decreased
efficiency. The relation between asymmetry and moction performance has been
negative in Thoroughbred flat-racing horses (molpdioal asymmetry and handicap
rating), racing dogs (running speed and asymmetng) chickens (asymmetry and gate
quality) (Mgller & Swaddle, 1997). Dalin (1985)uied that the performance (total

earnings, races/ horse and race recordings - mjndfnsStandardbred Trotters that were
more asymmetrical (with respect to the hindquayteras lower than the symmetrical

horses measured. The more asymmetrical horsesiffiadlty performing at speed.

The aims of this study were to:

i. determine the relationship between the actual nmeasnts and estimates based on
the image analysis (HLM% of photographic material, thus ascertaining the
suitability of this method for growth monitoring iarge ungulates;

ii. determine which bones are most suitable for manigonsing image analysis;

lii. develop relationships which can be used to detegrtiia bone length at a given age;
and
iv. use image analysis to determine the RA and to atalif the bilateral skeletal

growth is affected by the practice of early wegnihich induces stress.
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3.2 MATERIALS AND METHODS

3.2.1 MANAGEMENT

The trial was conducted at the calf-rearing fagilif the Ukulinga Research Farm in
Pietermaritzburg, KwaZulu-Natal for a period of tweeweeks. Ten Holstein/Friesian bull
calves were weighed and randomly allocated to twaning programs (Table 9). Milk-
replacer (Surromel®) was allocated to each calbating to guidelines specified in the
Dairying in KwaZulu-Natal Handbook (Dugmord995; Table 9). Calves that were
weaned early (at 6 weeks of age) were fed milkawgl at 6% of initial (birth) body
weight; the calves that were weaned late (the morwentional 8 weeks) were fed milk
replacer at 8% of initial (birth) body weight. Adalves hadd libitum access to water, hay
(Themeda Triandra), and concentrate (commercial calf rearing ratio)n the second
week of the trial. These feeds were analysed teroete the gross energy, NDF, ADF,
crude protein, fat, calcium and phosphorous atUheversity of KwaZulu Natal feed
analysis laboratory (Table 17). Crude Proteinc{Dah, Phosphorous Fat, Crude Fibre and
ADF analysis were determined by the AOAC Officiabtilod (990.03; 968.08; 965.17;
920.39; 978.10; 973.18 respectively).The NDF valkss determined according to the
method described by Van Soestl., (1991).

Table 9: Amounts of milk replacer allocated to ebidistein/Friesian calf group according

to initial body weight (Dugmore, 1995)

Initial Body Milk/day Weaning age
Group Calf \eignht (kg) (Litres) (weeks)

1 39.5 2.4
2 44.8 2.7
3 47.0 2.8

Early Weaned 4 34.6 21 6
5 44.6 2.7
Mean 42.1 2.5
6 37.2 3.0
7 44.6 3.6
8 54.8 4.4

Late Weaned 9 35.6 58 8
10 38.1 3.0

Mean 42.1 34
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At twelve weeks, calves were moved from individoalf pens and were fed 1kg of calf
starter meal twice a day and kept out with othesf ls¢eers (in order to cultivate rumen
microbes required for digestion). The calves wergtrated at 14 days of age with elastic
rings, de-wormed every 3 months with alternatingwdemers (Valbazen and Panacur) and

dipped for ticks every two weeks using Deadlind aat-X.

3.2.2 MEASUREMENTS

Calves were measured weekly (7 to 42 days of agg)oaveekly (56 to 84 days of age)
with a standard measuring tape and digitally ph@iplged at the same time. Each
measuring session comprised of taking three phapigr for each calf (front view, left and
right side views) with a calibration stick (withcda gradations) placed in the same plane

as the side of the calf closest to the digital came

Bone lengths (Figures 4 & 5 & Table 10) were coemd as the distance between the
centre points of two joints on either side of eaohe (e.g. centre of the tarsocrural joint to
the centre of the metatarsal-phalangeal (fetlookjt). In the case of the whole leg, the
measurement was from the olecranon (point of elldowvifie distal end of the first phalanx
of the foreleg and from the point of hock to thstal end of the first phalanx of the hind
leg. The length of the animal was measured fronpthiet of shoulder (cranial division of
the greater tuberosity of the humerus) to poinbuattocks (tuber ischium) and the girth
was measured as the circumference of the anintakaioint of wither. In the photograph

measurements, the girth was measured as a linesuneenent.
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Table 10: Measurements taken on the calf and efptiotographs by image analysis,
corresponding to letters on Figures 4 and 5.

Side Letter Actual measurement Photographic measureent
General A Height at Wither Height at Wither
B Height at Croup Height at Croup
Cranial C Scapular Scapular
D Radius Radius
E Metacarpus Metacarpus
F First Phalanx First Phalanx
G Foreleg Foreleg
Caudal H Tibia Tibia
I Metatarsus Metatarsus
J First Phalanx First Phalanx
K Hind leg Hind leg

Figure 4: Letters corresponding to the bony landan the bovine skeleton that were
measured on the actual calf and from photograpliseotalf.
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Figure 5: Measurements taken between bony landnoarkise live calf (Author’s own).

3.2.3 DATA ANALYSIS

Linear measurements were derived from photogragisguthe HLMT © program.

Regression equations (y=x) and deviations fromogeslof 1 and intercept of 0 were
determined using SAS 9.1 (2005) to compare actwsorements and the photographic
estimates obtained using image analysis. Analyisanance was used to determine
interactions between age, side of body measureamehtveaning programme on the linear
measurements of the bones. To determine the etteetsme of weaning had on the bone
length growth, log transformation of the bone Iéngalues were done for the regression
using weaning programmes as groups. Predictorsbfore length over time were

determined using regression (GENSTAT @dition, 2006) relationships of the log

transformed actual bone lengths.

Analysis of variance was used to determine thdiogiship between weaning group and
the symmetry of the animal, to determine the effezt the time of weaning on the

symmetrical growth of the calves. Further analysiddetermine the effects of weaning
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time on bone length growth was done by log tramsédion of the bone length values and
regression using weaning programmes as grolips. relative asymmetry (RA) was
calculated as the ratio of absolute value of asymmmever average bilateral trait

measurements (Equation 1):

Equationl: RA=(L-R)|/[(L +R)/2])»0Q (Yangetal., 1997).

The closer the number is to zero, the closer tfiealed right measurements are to each
other and therefore the closer the bilateral memsants are to perfect symmetry. The RA
equation (using photographic measurements) was tsedetermine the degree of

symmetry expressed by each bone measured for bedinimg groups. This was used to

deduce the effect of stress (due to weaning) oskbketal symmetry of the calves.

3.3 RESULTS

3.3.1 FEED

The calves consumed similar amounts of feed duthegfirst four weeks. Thereafter the
late weaning calves ate significantly more feedntlize early weaned group over the
remainder of the trial (Figure 6). From 12 weeksage all calves were fed the same
amount of starter meal so as to eliminate the efféteed quantity on the growth rate of
the calves. The feed was analysed to determinautr@ional content of the feed (Table
11)

Table 11: The nutrient analysis of the hay and stalfter meal supplieat! libitumto

Holstein/Friesian dairy calves to three monthsge a

Crude

TalY 0 0 0
Protein% Fat% NDF% ADF% Eibre % GE MJ/kg
Themeda 3.73 16  64.89 45 34.16 16.24
Triandra
Commercial calf 4 5 4.6 21.4 13.5 11.58 16.36

starter meal
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Figure 6: Average weekly feed intake of commercadf starter meal by late (eight weeks)

and early weaned (6 weeks) Holstein/Friesian cdiwethe first 12 weeks.

Late weaned calves attained higher (P<0.01) bodghis at the age of weaning (Table
12) however these differences dissipated by 224 ddyge and there was no significant
difference in the final body weights of the two gps. The late weaned calves had an
extra two weeks of milk replacement and were tlogeeblder at weaning. The cumulative
feed consumed by age of weaning was 133.63 kgdgdily weaned calves and 310.45kg
by the late weaned calves. The early weaned calwesumed a total of 613.13 kg of feed
from weaning to the closure of the trial while thger weaned calves consumed 812.77 kg.
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Table 12: The average body weight of the Holsteiaffan calves on early and late
weaning programmes from birth to weaning and froeamng to 224 days of age

Body weight at weaning (kg) Body weight at 224 days (kg)

(xs.e) (xs.e)

Early weaning 43.94 140.33
(4.09) (5.281)

Late weaning 58.67 142.00
(3.734) (3.734)

Mean 52.00 141.17

3.3.2 RELATIONSHIP BETWEEN ACTUAL AND PHOTOGRAPHIC
MEASUREMENTS OF BONE LENGTHS

The actual measurements and the photographic eéssntd the ten Holstein/Friesian

calves over the three-month period are shown ineAgpx 1 and 2. Table 13 shows the
regression relationship between the actual andoghaphic estimates (y=x) using image
analysis. Deviations from the slope of 1 and theraept of O were evaluated. For four of
the bones (scapula, first phalanx of the forelbg,ttbia and the hind leg) measurements,
the intercepts and the slopes did not (P>0.05ediffom zero and one, respectively,
indicating a close correlation between the actuehsnrements and the photographic
estimates. Three bone measurements (metacarpustarsas and foreleg) had intercepts
that differed (P <0.001) from zero but the slopesnbt differ (P>0.05) from one. For the

first phalanx of the hind leg, the intercept was different (P>0.05) from zero but the

slope was different (P<0.001) from one. For theuwmdthe intercept and slope differed

(P<0.001) from zero and one, respectively.
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Table 13 Parameter estimates from regression asagmparing the measurements taken
of ten Holstein/Friesian calves and measurements/ede through image analysis of
photographs (y=x)

Bone Intercept 8§ Slopee¢ N Adjusted Root P
Measurement (xs.e) (xs.e) R? MSE
Scapula 0.10 (0.749)  1.00(0.026)°> 176 0.895 1.327  0.0001
Radius 4.52(0.777)**  0.86(0.030)** 176 0.822 1.388 0.0001
Metacarpus 1.82(0.483)*  0.93(0.02%7) 176 0.875 0.941  0.0001

First Phalanx S S
0.09(0.323*)' 1.07(0.046} 176 0.762 0.630 0.0001

Foreleg
Tibia 1.26(0.659)°  0.97(0.020)° 176 0.933 1.171  0.0001
Metatarsus 3.94(0.888)**  0.86(0.046) 176 0.726 1.726  0.0001

First Phalanx s
-0.79(0.307'} 1.20(0.043)** 176 0.817 0.568 0.0001

Hind leg
Foreleg 5.03(1.134)*  0.94(0.02% 176 0.911 2.065  0.0001
Hind leg 1.98(1.423F  1.00(0.222)° 176 0.92 2.503  0.0001

NS_ (P> 0.05); ** — P<0.001
8§ - Ho: intercept = 0# - Hy: slope = 1;

The lengths of the first phalanx (foreleg), metpoar metatarsus, tibia, total foreleg
measurements, and total hind leg measurements aleraffected (P<0.001) by the
weaning programme. The variation in other lineaasueements could not be related to the
weaning programme. The left and right measuremehtke bilateral traits were similar
(Table 14). Only the metacarpus (P < 0.001) axédusa(P < 0.05) were affected by the
weaning programme. The effects of side of bongtlemeasurement were not significant
(Table 14). The different weaning groups had nmificant effect on the lengths of the
first phalanx of the hind leg, the radius and tleapsilar measurements of the foreleg
(Table 14). The calves that were weaned earlyltvagler bone lengths than late weaned

calves.
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Table 14: Analysis of variance for the linear meaments of the bone lengths of
Holstein/Friesian calves weaned at different ageisgrown to 224 days of age.

Weaning _ Age.
s.e.d. LSD Side )
Group Weaning Group
First Phalanx Foreleg 0.33 0.65 * NS NS
First Phalanx Hind Leg 0.267 0.53 NS NS NS
Foreleg 2.00 3.94 * NS NS
Hind Leg 1.76 3.47 *x NS NS
Metacarpus 0.58 1.14 ** NS b
Metatarsus 0.97 191 ** NS NS
Radius 0.87 1.71 NS NS *
Scapular 0.90 1.77 NS NS NS
Tibia 0.94 1.86 * NS NS

Foreleg comprises of the Scapula, Radius, Metasaapd First Phalanx of the foreleg
Hind leg comprising of the Tibia, Metatarsus angfHrPhalanx in the Hind Leg
Weaning Group - Early Weaned and Late Weaned

** . P <0.001; * - P <0.05; NS — Non Significant

Regression equations for predicting bone lengthaakinction of age and weaning
programme based on log transformed bone lengthgiaea in Table 15. These equations
demonstrate the effects of weaning age on bondHegrgwth, and gives parameters for
bone length growth. Generally, the coefficient etedmination (B ranged from 70.1 to
89.6 %, with the exception of the first phalanxboth the fore and hind legs which hatl R
of 58.8 and 61.4 %, respectively. By including Hge by weaning group interaction the
model for predicting the bone length at varioussagas improved (for the metacarpal and
metatarsal bones and foreleg measurements). Agevaading group were sufficient to
predict the bone length for the remainder of thesueements, with the exception of the
scapula for which age alone explained the growtth@fscapula over time.
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Table 15: Multiple linear regression relationship tbe log transformed bone length

measurements of ten Holstein/Friesian calves use®ning programmes as groups.

R° Intercept Age Weaning Age. N MSE
group Weaning
group
Body Weight  89.6 1.5450  0.003 0.035 269 0.0297
(0.0075) (0.0001) (0.0081)
Scapula 78.9 1.438 0.0006 269 0.0214
(0.002) (0.00001)
Radius 83.3 1.392  0.0006  0.0001 269 0.0206
(0.0029) (0.00003) (0.00004)
Metacarpus ~ 73.5 1.249  0.0005 -0.0326  0.000226 269 0.0285
(0.004) (0.00004) (0.0054)  (0.00005)
First Phalanx 58.9 0.823  0.0006  0.00515 269 0.0323
Foreleg (0.0037) (0.00003) (0.0040)
Tibia 70.1 1527 0.00047 -0.00612 269 0.0201
(0.0024) (0.00002) (0.00260)
Metatarsus 725 1.333  0.00057 -0.02897  0.000116 269 0.028
(0.0040) (0.00004) (0.0053)  (0.00005)
First Phalanx 61.4 0.829  0.00049  0.00398 269 0.027
Hind leg (0.00313) (0.00002) (0.0034)
Foreleg 82.0 1.883 0.00059  -0.0096 0.00006 269 0.0205
(0.0029) 0.00003) (0.00388)  (0.00004)
Hind leg 745 1.790  0.00053 -0.00974 269 0.022
(0.00247) (0.00002) (0.00266)

3.3.3 RELATIVE ASYMMETRY

Figures 7 to 15 graphically represent the relatisgmmetry over the 224 days of growth.
The smallest RA values were found in the measurtsnehthe tibia. All the relative
asymmetries were below 1.197 (RA for the metacaspak in the late weaned calves). By
the end of the trial all the RA’s were below 0.13Be late weaned calves attained lower
RA values by the completion of the trial. Throughthe study, the symmetry of the bones
fluctuated but the Rvas never higher than 1.197.
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Figure 7: RA in scapular measurements in Holstalaes grouped by weaning time (early
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and late) from 7 to 225 days of age.
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Figure 9: RA in metacarpal measurements in Holstaiwes grouped by weaning time
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Figure 10: RA in first phalanx of the foreleg measnents in Holstein calves grouped by

weaning time (early and late) from 7 to 225 dayags.
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Figure 12: RA in tibia measurements in Holsteinvealgrouped by weaning time (early

and late) from 7 to 225 days of age.
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Figure 15: RA in hind leg measurements in Holsteatves grouped by weaning time

(early and late) from 7 to 225 days of age.

The RA values were generally lower for the latentfa the early weaned group of calves
for all bones (Figure 7 to 15). The RA was simitetween the weaning groups for the
tibia, metacarpal, metatarsal and hind leg bonesoreanents. The weaning groups
differed significantly (P < 0.001) for the measussts of the scapular, radius, first
phalanx of the fore and hind legs and the hindolege measurements.

3.4 DISCUSSION

The first objective of this chapter was to detemnthe relationship between the actual
measurements and those estimated from photographierial using image analysis
(HLMT®), to determine the suitability of this method fgrowth monitoring in large
ungulates. The analysis of the actual and photbirapeasurements determined that the
use of the Image Analysis tool (HLMY gave statistically accurate measurements for bone
lengths of the scapular, tibia, first phalanx of floreleg and the hind leg measurements
(Table 13). Since the intercepts and the slopabeielationship between the actual and
the photographic estimates did not (P>0.05) diffem zero and one, respectively, the
photographic measurements can be used as true seepagons of the actual
measurements. The fact that the intercepts difféed zero but the slope did not, for the

metacarpal, metatarsal and foreleg measuremedisaied that the measurement, though

46



not statistically the same, could be used as a guodidator of bone growth and length.
However where the slope differed from one (firsialghx of the hind leg) suggests
inadequacy of photographic measurements as estinstéthe actual bone length. This
study suggests that the photographic method ialdaitfor estimating the length of long
bones only. This correlates with the work doneTiypmpson (1995), Kavazis & Ott
(2003) and Anderson & Mcllwraith (2004) as they #eble to utilise photographic

measurements successfully in order to determine borgths of various bones.

Another objective was to determine equations foaedmting bone length over time.
Regression analysis of the log transformed bongtlhesngrouped by age and weaning
groups was performed and equations were establ{@radde 15). The variance accounted
for by regressions of bone lengths and body weiglgginst age was relatively high
(between 89.6 to 70.1%) except for the first phalahboth the fore and hind legs (58.8
and 61.4 %, respectively). The inclusion of age am@dning group interaction into the
regression model for predicting the bone lengtlvatous ages for the metacarpal and
metatarsal bones and foreleg measurements imprbeednodel, thus concurring with
others (McCallet al., 1987; Houptet al., 1984; Hoffmanet al., 1995; Apter &
Householder, 1996) that time of weaning does havefi@ct on the skeletal bone growth.
Age and weaning group were sufficient for the predn of the bone length for all
measurements, with the exception of the scapulaerevage was sufficient to determine
the length of the scapular at various ages. Thpudar length is therefore not affected by

time of weaning.

RA was used to evaluate if the stress of early \gaim calves affects skeletal growth as
happens in other animals. The closer the RA vaue 0 the closer the two bones are to
symmetry. The significance of the parameters imitireg the linear measurement of the
bone lengths of the actual and photographic meamnts (Table 14) showed no
differences in the measurements of the sides ledtright sides) of the animals between
the actual and photographic material. Log trans&iioms of the photographic
measurements for the two weaning groups discermedifference in RA between the
weaning groups for the tibia, metacarpal, metataaisd hind leg bone measurements
(Table 15). The weaning groups differed (P < 0.0@l1the measurements of the scapular,

radius, first phalanx of the fore and hind legs #mhind leg bone measurements. Due to
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the relative smallness of these bones the accwhdye initial measurements may have
been poor and with practice and length during ghowte accuracy of these measurements
would have improved. Throughout the trial it wasrid that the tape measurements were
generally higher than the measurements taken fl@mmphotographical material, but the
disparity between them decreased over time (pdABPendix 1 & 2). By the end of the
trial, all the RA’s were below 0.133, indicatingaththe animals were growing towards
symmetry regardless of the initial weaning stréeg tvas placed on them. This was the
general trend across all bones. Mgller & Swadii®97) and Palmer (1996) established
that under stressful conditions bilateral skelétaiks are affected differently, resulting in
deviations from prefect symmetry. Apter & Houselarl(1996) and McCabt al. (1987)
found the weaning time was indeed a time of stréBlse calves that were weaned later
attained lower RA values by the conclusion of tied.t Early weaned calves were affected
to a greater extent by weaning time stress thatatbeveaned calves. Calves weaned later
benefited from the consumption of milk replacemfenta longer period and had a higher

body weights than those on the earlier weaningnarag

Weaning time has a significant effect (P<0.001)tbea total hind leg, metacarpal and
metatarsal measurements (Table 14) and to a ldegeee on the foreleg and tibia length
measurements (P<0.05). Calves on the earlier wgarogram were found to be smaller,
although body weight was restored by 224 days ef &berefore weaning time does have
an effect on the height, body weight and bone lenhgf Holstein/Friesian calves, as the
calves were able to reduce the difference betwleenwo weaning groups by 224 days of
age (Figures 6 to 13 and Appendix 1 & 2). It candeduced that the effect of weaning

time can be ameliorated during the remainder ofjtio&ing period.

As stress has been shown to affect the skeletaingyng of an animal and the animal’s
ability to rectify this asymmetry during growth (fgpv &Householder, 1996; McCadt al.,

1987), and it has been established in literatuaé wweaning time is a stressful time in the
animal’s life (Houptet al., 1984; McCallet al., 1987; Hoffmanet al., 1995; Apter

&Householder, 1996; Kohnke, 1998), any lack of aswtry may reflect that the animals
are not under a great deal of stress. As the calees able to reduce the deviation from
symmetry, one could consider that the animal wowded to experience the stress for
longer or a stress induced closer to the end offrevould have a more lasting effect on

the skeletal symmetry of the adult animal. Any latkasymmetry may reflect that the
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animals are not under a great deal of stress aemsed also by the rapid restoration of
body weight by the conclusion of the trial in tmstance.

The most suitable bones for monitoring the growittame ungulates were found to be the
scapular, first phalanx of the foreleg, the tibiadahe hind leg. The photographic and
actual measurements of the metacarpal, metatarshlttee foreleg were found to be
increasing at the same rate, but did not statietsame lengths. These bones can thus be
used as good indicators of the growth of the bone&btaining measurements
photographically for the bones of the radius aredfitst phalanx of the hind leg would not
be suggested as these bones do not give accuredtations to live measurements.

3.5 CONCLUSIONS

The calves have provided a useful biological madeldetermine the implications of
stressors (weaning time) on growth in large ungslat The photographic method of
acquiring measurements can be successfully usagiorals to obtain bone lengths for the
long bones. The weaning programme served to prodiif@ent rates of growth in the
calves, with associated differences in bone lengthe smaller bones posed a problem
with their small length and rate of change and itherefore advised not to consider this

tool for smaller bone measurements which have smigll increases in length.
Equations to predict the length of various bonesewekeveloped using regression models

of log transformed bones lengths which can besetlito predict the bone length at a given

age.
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CHAPTER FOUR
RELATIVE ASYMMETRY AND GROWTH OF THOROUGHBRED FOALS
FROM BIRTH TO 300 DAYS OF AGE AND RELATIVE ASYMMETR Y IN
TWO-YEAR-OLD PRE-TRAINERS FROM TWO RACING YARDS IN
KWAZULU-NATAL

4.1 INTRODUCTION

Plants and animals have copies of morphologicalicgires, which are controlled
genetically. Two sides of a bilateral trait can é&epected to be identical and any
deviations from symmetry can be used as an indiaatalisturbed development due to
stresses (Leary & Allendorf, 1989). Any reductiarthe availability of energy for growth,
maintenance, survival and reproduction results imigher frequency of asymmetric
phenotypes (Mgller & Swaddle, 1997). Deviationsrfreymmetry may reflect the inability
of the individual to overcome stresses of genetiemvironmental origin (Yalciret al.,
1997). Developmental instability measures can ide\easy, potentially useful, non-
invasive tools to identify stresses for a rangeanimal breeding and animal welfare
problems (Mglleet al., 1999).

Stress (both genetic and environmental) is a distgr influence with physiological
consequences (Rasmuson, 2002). Relative asymrpeiigdes information about the
levels of stress (Mglleat al., 1999) Fluctuating asymmetry (FA) is a sensitive measiire
the ability of individuals with a particular genethackground to cope with developmental
precision when confronted with adverse environmentanditions, like adverse
temperatures, nutritional stress, chemical stresgulation densities, and audiogenic
(noise) stress. These have been implicated inrgg&A in birds, lizards, laboratory rats
and mice (Rasmuson, 2002), poultry (Yalgin, 2004j¢ch & Siegel, 2003), snakes and
trout (Mgller & Swaddle, 1997) and may be usedrasndicator of rearing conditions in
domestic livestock (Mglleet al., 1999) and are a reliable measure of genetic stress
poultry and livestock (Yangt al., 1997). Nutritional stress has been directly relaie
developmental stability as birds subjected to hdmsbd deprivation regimes develop
increasingly asymmetrical wing feathers during ntiagl(Mgller & Swaddle, 1997).

Symmetry keeps the body in a state of stable dwwiin; asymmetry disrupts this
equilibrium and requires energy to maintain a samdtate of equilibrium. Energy can be
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used at the cost of production resulting in a desmein efficiency. Locomotion
performance and asymmetry are negatively correlaiad have been recorded in
Thoroughbred flat-racing horses (morphological asygtmy and handicap rating), racing
dogs (running speed and asymmetry) and chickegs(astry and gait quality) (Mgller &
Swaddle, 1997). The ability to race and the sousslred racing around turns may be
affected by large differences between the left @giat bones of the limbs of the racehorse
(Watsonet al., 2003). Watsomt al., (2003) suggested that there is selection aghorses
with large differences between the left and rightd metacarpal bones. Horses with a
longer right third metacarpal bone when racing lolase were found to have an advantage
over horses that had less of a difference in thethes of their third metacarpal bones.

For a horse to compete at a respectable levekids& be fit and the training to reach this
fithess may have an effect on the horse’s latgrdlithe training is not balanced (Dalet
al.,, 1985; Drevemoet al., 1987). Raubet al. (1989) found greater gain in the
circumference at the mid-point of the metacarptisbated to exercise regimes in horses
(medium trot for 20 min 5days a week vs. no exejcighis increase in circumference is

due to an adaptation in order to provide optimalsut.

The ability to race and the soundness of a hoxgagaround the turns may be affected by
differences between the left and right bones oflithés of the racehorse (Watsenal.,
2003). Watsoret al. (2003) suggests that there is selection in fawdurorses with large
differences between the third metacarpal bonegéonght third metacarpal bone) when
racing clockwise because these horses had somentageaover horses with less

difference.

An analysis of symmetry in Thoroughbred foals t@ gear of age would be insightful in
determining the consequence of stress at weanntythee degree of asymmetry at which
the horses enter pre-training as a racehorse sovihaan determine when the skeletal
asymmetries are arising. The aims of this studyar
i. contrast the foal growth to that which has beevipusly published and establish
tools by which age can be used to predict the beglght and height;
ii. quantify the degree of symmetry in Thoroughbredsf@md stage of deviation from

symmetry;
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lii. investigate bilateral skeletal limb measurementgoung (birth to two years of age )
racing Thoroughbreds, and
iv. determine the effect of sex on skeletal symmetryoinng (birth to two years of age)

racing Thoroughbreds.

Obviously the observation of race horses in trgrinecludes the imposition of genetic,

feeding or exercise treatments, and the measursneken were intended to corroborate
experimental observations from literature, as \aslindicate whether any deviations from
symmetry can be expected in the pre-training perisihg horses that were made available

for observation.
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PART A: Relative asymmetry and growth of Thoroughbred foals from 7 to 300 days
of age

4.2 MATERIALS AND METHODS

4.2.1 MANAGEMENT

Seventeen Thoroughbred foals (5 colts and 12 djlli’|om Camargue Stud in the
KwaZulu-Natal Midlands were photographed and wedglier a period of 300 days
(between August 2004 and July 2005). The foals meedawith their dams in a standard
production system until weaning at approximatelyjn8nths of age. Foals were weaned
according to age with the older foals in the heethp weaned first. The mare and foal
were stabled at night for the first two weeks oé @amd allowed out on pasture during the
day. From two weeks of age the dams and foals {efreut on pasture for the remainder
of their stay on the farm. Dams and foals were dmbught in when visited by the farrier
(every four weeks) or the veterinarian. Foals wellewed access to creep feed (a
commercial 12% Vuma concentrate) from 4 weeks efagdad libitum access to grazing
and hay. The foals were fed the Vuma concentratd weaning, after which they
received a 14% Vuma ration, at about 20% of thailydntake in two meals per day, in
addition to the kikuyu grass aftagrostis curvula hay which were available at all times.
At weaning, the foals were fed a 14% Vuma diet vaithallocation of 4kg of feed daily
and were kept on the same feeding regime as thesma@ihe mares haatl libitum access
to the kikuyu, as they were kept out. Mares wdliecated 5 kg of feed/day (14% Vuma
ration), in two meals. Stabled mares were fed @kiged daily withad libitum access to
hay.

The feed, hay and grazing was analysed for grossgygnNDF, ADF, crude protein, fat,

calcium and phosphorous at the University of KwaZNlatal feed analysis laboratory.
Crude Protein, Calcium, Phosphorous Fat, CrudeesFabd ADF analysis were determined
by the AOAC Official Method (990.03; 968.08; 965,1920.39; 978.10; 973.18

respectively).The NDF value was determined accgrdinthe method described by van
Soestt al., (1991).
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Weaning was done gradually where four to five mavese removed from the herd at a
time until all mares were removed. Mares were tieasoved during the following dates: 6
April, 10 June and 17 June. Of the foals that reexito weaning age, foals 1, 5, 6 and 8
were weaned first between 235 and 250 days of agheo6 April 2005. The next foals to
be weaned were foals 2, 4, 7, 9, and 10 on theut® 2005 (weaned between the ages of
284 and 300 days of age). Foals 12, 13, 14 and &@ weaned on the 17 June 2005
(weaned between the ages of 219 and 281 days &f Bgals 3, 11, 15 and 17 left the
property before time of weaning and measuremerttoafor these foals continued to time
of departure. The average weaning age was 266 (@a8yanonths old) according to the
practice of the farm.

4.2.2 MEASUREMENTS AND ANALYSIS

This study lasted for 300 days, during which, stgrtat the birth of the foals, digital
photographs were taken weekly for ten weeks, themomthly for a month and then
monthly for approximately 202 days. Three photogspere taken at each session (left
hand side, right hand side and cranial views) chdaal, with a calibration stick (with 5-
cm gradations) placed in the same plane as theosithe foal closest to the digital camera.
Linear measurements (Table 16 and Figure 16 &17#ewerived from the photographs
using the HLMT © program. As in the previous chaptee bone lengths were considered
as the distance between the centres of two jomtsither side of each bone (e.g. centre of

the tarsocrural joint to the centre of the metaiaphalangeal (fetlock) joint)

Table 16: Linear measurements determined from aliggthotographs of Thoroughbred
foals to one year of age.

General Cranial Caudal
Height at wither Scapula
Height at croup Radius Tibia
Girth Metacarpus Metatarsus

Length
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Figure 17: Example of digital image with calibratistick used to obtain measurements
situ on Thoroughbred horses from birth to 300 days ef(@githor's own)

There is scant regard of height at point of tulaerae in the literature (Thompson, 1995).

The hind quarters are critical in determining theesd a racehorse can achieve (Manning &
Ockenden, 1994) and therefore the study of thehhead the tuber calcanei and the
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hindquarters will be included in the evaluationsginmetry in young racing animals, and
the height at point of hip is included in this stud

Bodyweight and linear measurements were analysied) GENSTAT ¢ edition (2006).

A covariate of initial body weight was includedtime analysis with age, side and sex as
explanatory variables and groups. Relative asymeseivere calculated (Equation 1) and
square root transformed for analysis of variancdetermine the site and age of onset of
asymmetry in the growth of the foals, in respecbitéteral traits and of cranial/caudal
symmetry as well. Height at withers, height at paihhip and live weight (as y-variants)

were regressed against the age of the foals tblestauadratic relationships.

4.3 RESULTS

The composition of feeds, hay and grazing availéblthe horses and foals at Camargue
Stud is reported in Table 17.

Table 17: DM analysis of hay, grass and concentedd offered to mares and foals, as

creep feed, at Camargue Stud.

Protein Ca P Fat NDF ADF C Fibre GE
% % % % % % % MJ/kg
Vuma 12 % 12.90 0.67 0.51 5.06 21.63 11.12 9.78 17.84
Vuma 14% 15.65 1.50 0.51 491 20.81 9.70 8.81 18.17
Eragrostis 7.75 0.27 0.14 1.45 82.27 47.15 39.00 .220
Kikuyu 24.67 0.41 0.31 2.60 44.74 23.71 18.32 18.46

Ca — calcium, P — Phosphorous,

A correlation matrix was obtained with all the ma&a&snents and body weights to establish
that body weight and length measurements wereyhightelated. Height at wither, height
at tuber sacrale, scapular length and foreleg measnts were found to have the highest
correlation (94% to 96%).
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The following quadratic regression equations déscthe pattern of body weight change,
height at point of wither and height at tuber skcfar foals between 7 and 300 days of

age.

Body weight (R = 0.948):
y= (64.99+2.31) + (1.1177+0.0213)age + (-0.0008@EAR00389)ade

Height at point of wither (R= 0.8762):
y = (101.360 + 1.773) + (0.362 = 0.0297)age — (03BY + 0.00010)ade

Height at point of hip (R= 0.8950):
y = (101.880 * 1.65) + (0.377 + 0.0277) age — (O4%2 + 0.00094)ade

Fillies tended to have longer scapulae than this edlany given age (P<0.05). Coefficients
of variation of between 10.5% (body weight) and%3.¢hind leg measurement) indicate

low variation of the measurements about the meabl€r18).

Table 18: Data from an analysis of variance, shgwire effect of age and sex on linear
body measurements of 17 foals from birth to 30Gsd#yage at Camargue Stud, KZN.

cv%  s.e. l.s.d. s.ed mean Age Sex Age.Sex
Actual Body Weight 10.5 20.70 14.06 7.10 191.00 *x NS NS
Height at Wither 6.3 874 569 3.09 139.04 ** NS NS
Height tuber sacrale 5.8 8.12 5.69 2.87 140.65 * S N NS
Scapula 46 217 063 0.32COIt e *
Filly 47.44

Foreleg 35 313 0.89 0.46 89.43 ** NS NS
Hind Leg 3.1 313 0.89 0.46 99.64 ** NS NS
Metacarpus 44 147 042 0.21 33.16 > NS NS
Metatarsus 39 146 042 0.21 37.79 ** NS NS

Tibia 50 240 0.70 0.35 47.47 NS NS
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Regression equations for predicting bone lengteggaren in Table 19. This was done to
obtain the bone length at various ages. The vaianefficient of determination (R
ranged from 77.4% to 88%. By including the age &y group interaction, the model for
predicting the bone length at various ages wasowgat (for the scapular and metatarsal
measurements). Age and sex was sufficient to préakcbone length for the remainder of

the measurements.

Table 19: Regression relationship of the log tramsgd bone length measurements of 17

Thoroughbred foals from birth to 300 days of agthemnKwaZulu-Natal Midlands

R° Intercept Age Sex Age. Sex N MSE
Body Weight 87.8 1.9244 0.00233 136 0.0781
(0.0118) (0.00007)
Scapula 88.0 1.5406 0.00089 -0.0031 0.00010 136 0.0318
(0.0084) (0.00005) (0.0010)  (0.00006)
Metacarpus 77.4 14406 0.00058 136 0.0282
(0.00423) (0.00003)
Tibia 819 15685 0.00077 136 0.0327

(0.00489) (0.00003)
Metatarsus 80.9 1.4900 0.00059 0.01759  -0.00006 136 0.0242
(0.00639) (0.00004) (0.0078)  (0.00005)

Foreleg 86.9 2.02782 0.00074 0.00619 136 0.0261
(0.00510) (0.00002) (0.0048)
Hind leg 85.6 1.90364 0.000658 0.00536 136 0.0244

(0.00477) (0.00002) (0.00445)

The relative asymmetry for the actual bone measenésnwas calculated (Equation 1) and
transformed (square root), the resulting RA’s watesmall with the average values below
1% (Table 20). From 180 days of age the RA vakiaged to increase, this increase in
RA coincided with and increase in handling (farerd vet). The foals were weaned at

approximately 266 days of age; the RA values exhilfiirther increase at this time.
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Table 20: Relative asymmetry and measures of digpenof bilateral linear measurements

of 17 Thoroughbred foals from birth to 300 daysigé

Age Foreleg Hind Leg Metacarpus Metatarsus Scapuldibia
7 0.654 0.701 0.708 0.753 0.594 0.852
30 0.497 0.371 0.63 0.454 0.384 0.417
60 0.451 0.225 0.448 0.289 0.241 0.276
90 0.265 0.247 0.216 0.336 0.228 0.241
120 0.302 0.252 0.304 0.267 0.293 0.317
150 0.289 0.265 0.364 0.299 0.276 0.376
180 0.318 0.291 0.492 0.43 0.381 0.35
210 0.252 0.259 0.353 0.435 0.274 0.381
240 0.399 0.374 0.469 0.466 0.331 0.484
270 0.449 0.327 0.612 0.54 0.339 0.428
300 0.417 0.361 0.486 0.43 0.406 0.294
Grand Mean 0.393 0.34 0.463 0.425 0.343 0.412
cv% 54.8 64 58.4 68.4 61.3 70.7
s.e. 0.2154 0.2178 0.2704 0.2928 0.2105 0.2914
LSD 0.1509 0.1525 0.1894 0.2051 0.1474 0.2041
s.e.d 0.0762 0.077 0.0956 0.1035 0.0744 0.103
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PART B: Linear measurements and relative asymmetryn two year old
Thoroughbred racehorses from two racing yards in KvaZulu-Natal

4.4 MATERIALS AND METHODS

4.4. 1 MANAGEMENT

Thirty-eight male and female pre-trainers Thoroughbracehorses (average age 30
months) from two racing yards (9 male horses antefitale horse in the Ashburton yard
and 11 male horses and 8 female horses in the Stweltheyard), in the province of

KwaZulu-Natal were photographed and measured. Tihgek trained on the straight and

on a right bend. All horses were warmed up on éfteréin in the warm up arenas.

Horses stabled in Summerveld (yard 1) were fed :&®BMix of Epol 16% Racehorse
Cubes and Epol Rider Cubes while the horses stahlesshburton (yard 2) were fed
milled Race Meal and Epol 14% Racehorse Cubes &@fd) ®f crushed oats/ day.
Concentrate feeds were offered at an average é&fh&day in the Ashburton yard and
6kgs/day in the Summerveld yard to the horsesefwlo yards.

4.4.2 MEASUREMENTS

All feeds offered were subjected to analysis atUWneéversity of KwaZulu-Natal. Samples
of the feeds were analysed forude Protein, Calcium, Phosphorous, Fat, CrudesFahd
ADF (AOAC Official Methods 990.03; 968.08; 965.1820.39; 978.10; 973.18
respectively, 2007). NDF was determined accordmghe method described by Van
Soest, Robertson & Lewis (1991). The National Rete@ouncil (NRC, 1989) researched
the nutritional requirements for horses at variagss; Table 8, represents the nutritional
requirements for two-year-old horse in training rageng 500kgs at mature weight. This
information is necessary to establish that dailyritanal requirements in all the horses in

this study were met.
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Four photographs were taken of each horse (leftl lsahe, right hand side, caudal and
cranial views), with a calibration stick (with 5-ognadations) placed in the same plane as
the side of the horse closest to the digital camEéram these photographs various
measurements (Table 16 in previous chapter) wdsentasing image analysis with the
HLMT © program. As with chapters 3 and 4, the bdmegths were considered as the
distance between the centres of two joints on esige of each bone (e.g. centre of the

tarsocrural joint to the centre of the metatarsatangeal (fetlock) joint).

Body weights for all the horses were determinedgishe equation developed by Carroll
& Huntingdon (1989):

Body Weight = (length x gir)/11800

The linear measurements were analysed by meansais of Variance (GENSTAT"®
edition, 2006) with yard and sex as treatment gsires. The relative asymmetries were
calculated (Equation 1) and transformed (squard) toodetermine the bones in which

deviation from symmetry occurred.

4.5 RESULTS

The analysis of the feeds offered to the horskertwo yards is presented in Table 21. The
calculation of the nutrient intake explains why tAshburton horses were heavier
(p<0.001), although body condition scores (Hennetka., 1985) of the horses were not

significantly different.
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Table 21: Nutrient analysis of four complete feadd one feed supplement fed to Thoroughbred raseban training at each of two training
yards in KwaZulu-Natal

Ingredient Yard Protein% Ca% P% Fat% NDF&DF% CF% Ash% GE (MJkg) DE(KCal/kg DM)

Milled Racehorse Cubes

1 19.21 1.14 0.07 3.84 26.37 10.30 9.26 8.87 16.11 2990.49
(16%) (EPOL)
Rider Cubes (EPOL) 1 12.80 1.34 0.73 3.64 30.15 38.27.66 9.89 15.41 2910.40

Milled Race Meal (VUMA) 2 17.51 1.04 051 498 22.48 11.26 9.97 8.53 15.88 3139.73
Oats 2 9.93 0.06 0.29 6.88 31.67 13.57 11.19 231 7.611 3307.56

Milled Racehorse Cubes
2 15.80 0.96 059 3.63 24.63 9.91 7.42 7.92 15.91 10130

(14%) (EPOL)

Yard 1 — Summerveld, Yard 2 —Ashburton

NDF — Neutral Detergent Fibre

ADF — Acid Detergent Fibre

CF — Crude Fibre

GE - Gross Energy

Ca — calcium

P — Phosphorous

DE = 2118 + 12.18 x Protein% + 9.37 x ADF - 3.8@\DF - ADF) + 47.18 x Fat% +20.35 (100 -Protein%at% - NDF - ADF) - 26.3 x Ash%



There was no difference between the body weighiillids and males (colts/geldings);
however fillies were heavier than the males in $uenmerveld yard, but lighter than the
males in the Ashburton yard. Horses had simildhaviheights (P>0.05), but fillies had
shorter height of the hip than the males (P<0.08ple 22)

Table 22: The body weight, height and both hip aittler for the two year old fillies and

male horses in training at the two yards in KwaZhhial

Males Filles s.e.d Il.s.d Cv%ard Sex Yard. Sex

Calculated Body

13.60 27.64 6.56 ** NS *
Weightt
Summerveld 389.50 407.00
Ashburton 461.90 445.30
Mean 425.70 426.20
Height at Wither 479 9.74 6.30NS NS NS
Summerveld 160.08 158.30
Ashburton 158.62 147.62
Mean 159.35 152.96
Height at Tuber 541 1099709 NS * NS
Sacrale
Summerveld 160.30 157.30
Ashburton 162.00 145.80
Mean 161.15 151.55

Where: CV% = coefficient of variation, s.e.d = stard error of difference, I.s.d. = least
significant difference, NS — Not Significant ** PG01, * P <0.05
T - Carroll & Huntingdon (1989)

Horses in both yards had similar RA’s for all trenbs of the foreleg. There was no effect
of sex on the RA of the lengths of the foreleg (€#48) bones.
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Table 23: The relative asymmetry of the bone lesigththe foreleg of Thoroughbred two-
year-old racehorses at Summerveld and Ashburt@traming establishments

Males Fillies MEAN s.e.d l.s.d Cv%yYard Sex Yard. Sex

0.288 0.584376.46 NS NS NS
Scapula

Summerveld 0.79 0.92 0.86
Ashburton 0.67 0.71 0.69
MEAN 0.73 0.82
Metacarpus 0.868 1.765 72.40NS NS NS
Summerveld 2.51 2.33 2.42
Ashburton 2.52 251 252
MEAN 2.52 2.42

0.569 1.157 85.57NS NS NS
Foreleg

Summerveld 1.48 1.58 1.53
Ashburton 1.41 0.94 1.18
MEAN 1.45 1.26

Foreleg consists of the Radius, Metacarpus and First RRalathe foreleg

Where: CV% = coefficient of variation, s.e.d = stard error of difference, I.s.d. = least
significant difference, NS — Not Significant ** PG01, * P <0.05

Irrespective of training direction, asymmetries evgaresent in the two year old pre
trainers. These asymmetries were larger (P < (r9%he tibia, tuber calcanei heights,
metatarsus and the total hind leg measurementsiistmmerveld than in the Ashburton
yard (Table 24). Fillies were more asymmetricalhwigspect to the first phalanx and hind
leg than the males. Whilst males differed veryditietween the two yards, the tibia length

was more asymmetrical at Summerveld than at Asbburt
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Table 24: The relative asymmetry (square rootedh@ibone lengths of the Hind leg of 38

Thoroughbred two-year-old racehorses in the Sumehéand Ashburton.

Males  Filies MEAN s.ed Is.d Cv%yYard Sex Yard. Sex
Tibia 0.615 1.24987.24 NS *
Summerveld 0.99 2.66 1.83
Ashburton 1.16 0.86 1.01
MEAN 1.08 1.76
Tuber Calcanei
Height 0.248 0.50387.68 NS NS
Summerveld 0.889 0.88 0.88
Ashburton 0.246 0.32 0.28
MEAN 0.57 0.60
Metatarsus 0.649 0.13266.28 NS NS
Summerveld 2.53 270 2.62
Ashburton 1.17 1.75 1.46
MEAN 1.85 2.23
Hind leg 0.413 0.84066.71 * NS
Summerveld 1.14 2.17 1.66
Ashburton 0.82 0.93 0.88
MEAN 0.98 1.55

Hind leg consists of the Tibia, Metatarsus and First Phalarthe Hind Leg

Where: CV% = coefficient of variation, s.e.d = stard error of difference, I.s.d. = least

significant difference, NS — Not Significant ** PG01, *

P <0.05
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4.6 DISCUSSION

4.6.1 Part A

When a correlation matrix was constructed usingtiad bone measurements it was
determined that the age and height of wither até haghly correlated with body weight
(96.9% and 95.3% respectively). The age of the &al particular height and weight can
be a useful tool to determine its growth and dgualent compared to the growth of other
foals of the same age and breed. The equatiopa@® 56 can be utilised for this propose.
Predictions of growth curves of the Thoroughbredghis study in comparison to the
growth of foals in the literature (equations pg),=iggested that foals in KwaZulu-Natal
grow significantly taller at the point of wither iffare 17) than the foals reported in
literature (Hintzet al., 1979; Raub, 1989; Thompson, 1995; Staetal., 2001; Kavazis &
Ott, 2003). The foals were however not significardifferent in body weight over 300
days (Figure 18) from those reported over the tasinty-eight years (Kavazis &. Ott
2003; Hintzet al., 1979; Raub, 1989; Staniet al., 2001; Thompson, 1995) and it can thus
be inferred that there is a difference in the bodgdition scores of the foalsjter alia.
Body condition score can be used as an indicatioth® adequacy of the nutritional
programme (Henneket al., 1985). The body condition scores of the horsemftbe
literature were not reported and thus could notdrapared. Differences in height but not
body weight of growing Thoroughbreds may also ba assult of nutrition (foals growing

faster due to higher planes of nutrition) or gematake-up.
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Literature p] (after Hintzet al., 1979; Raub, 1989; Thompson, 1995; Stasmteal., 2001;
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Figure 18: Increase in body weight over time preicactual data¢[] and that from
Literature p] (after Hintzet al., 1979; Raub, 1989; Thompson, 1995; Stasmteal., 2001,
Kavazis & Ott, 2003).
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There was no difference between the near and adissof the bilateral traits measured in
the growing Thoroughbreds from 0 to 300 days of. &yensequently the RA for all the
bones were below 1% (Table 20), which is relatively compared to the RA reported by
Mgller & Swaddle (1997) and Watsehal. (2003). Stress can have an effect on the bone
growth of animals (Mgller teal., 1999) and weaning time has been established as a
stressful time (Houpét al., 1984; Hoffmanet al., 1995). However the stress incurred at
weaning time in a standard production breedingesysnhay not induce sufficient stress to
effect the symmetry of bone growth. It was noteat the amount of RA expressed by the
growing Thoroughbreds from birth to 300 days (tHoumpt significantly different) was
initially relatively high and decreased until 15@yd when the RA slowly started to
increase again. This increase in asymmetry correigabto an increase in management of
the foals, when farrier and veterinarian visits ooenced. The foals were weaned at
approximately 266 days of age and this did not espitself as a dramatic increase in the
RA expressed by the animals, possible because mgearas late.

4.6.2 PartB

The RA measurements for the two yards revealedttigatength of bone on the forelegs
was similar. However, in the hind leg, the RA dftadnes measured differed for the two
yards; the hind leg bones of the Summerveld hobs&sg more asymmetrical than the
Ashburton horses. Asymmetries present in the haglwere found to be yard related
(Table 25). It is clear that the hind leg, whichattmines racing performance (Clayton,
2004), is responding to some stress. The litezgatuwuld suggest that departures from
symmetry do impact racing performance (times oveortdong distances and the

relationship between “breaking down” (loss of periance) and asymmetry, (Manning &
Ockenden, 1994). This study could pilot furtherdsts in the two year old pre-training

category of racehorse to elucidate training methadgrition, genetics and training

intensity and performance measures in Thoroughtareehorses in KwaZulu-Natal

Sex of the horse in young racing Thoroughbredshdidn fact have an effect on the body
weight of the sexes from birth to two years of éfables 19 & 23). There was however a
difference (P < 0.001) in the body weights attaibgdeach sex within each yard. The
males in the Ashburton ward weighed on average k§.6nore and the fillies in the
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Summerveld yard were found to be 17.5 kg more thair male counterparts (Table 23).
As there were no significant differences in thegh&s of wither and tuber sacrale of either
yard, it is possible that these weight differenass nutrition and/or training related. The
height at point of hip was affected by the sexhaf horse as the males were found to be
taller. Sex was also found to have a significéht(0.001) effect on the lengths of the
scapular, metatarsal, foreleg and hind leg measemenof the foals from birth to 300 days
of age and the height of hip and hind leg measunésnef the two year old racing
Thoroughbreds.

Of the measurements taken in Part A the scapulartiva only measurement that was
indeed affected by sex as the fillies developedéorscapular lengths (1.13 cm). In Part
B, sex had no effect on the RA of the bones medsuréhe foreleg or the hind leg (Table
24 & 25) of the horse. The RA of the hind leg irrdes at the Summerveld yards was
larger, and across yards, the fillies were foundnoee asymmetrical.

The equations that were developed using the ragressodel (Table 19) can be used as a
management tool to predict the growth of the yogrgving Thoroughbreds. Derived in
the South African context, they provide a valualbésource for the conscientious
Thoroughbred breeder seeking to optimise foal gnaavid subsequent racing performance
and value. Because of management systems in 3dutha, this method is shown to be
sufficiently accurate to obviate the need for mesken the foals. Markers on the bony
landmarks could be used to improve accuracy, butoaBly the digital method is being
assessed for exactly the purpose of monitoring tram unhandled, flighty young stock.
Tools of this nature, derived across breeding éstabents could be used to tailor
management practices according to early warningsstgat can be determined. Early
adjustments are far more effective than correatimgnic deviations which can potentially
impact the racing career of young Thoroughbreds.ithWhe photographs (Image
Analysis) and the extrapolation of growth resuéts,well as the increased intimacy with
the growth process in the Thoroughbred, developahesthopaedic disease and other

pathologies associated with the growth process$eamnonitored and identified timeously.

4.7 CONCLUSION

69



The foals in this trial were found to reach a higheight at the point of wither sooner than
that data from the literature. This increased ghointheight did not result in a difference
in body weight. Equations were established (pagemMich can be utilised in determining

the bone growth of various bones at a given aga fiwth to 300 days of age.

Management to 300 days in Thoroughbred foals itaadard production system did not
seem to elicit any deviation from symmetry and #itgbn growth. The investigation into
the RA in the two year old Thoroughbred racehorsgsaled that there were asymmetries
developing in the hind legs and not in the foreemiAs these horses derive most of their
speed from the hind legs, this is a potentially jog factor in terms of racing
performance of young Thoroughbreds. Sex did haveffatt on the body weights of the
young racing animals however this difference was$ oonsistent over both of the
investigated yards and it can therefore be condutat the differences in body weight
may be a result of nutrition, training or managet&he height of the hip was also found
to be sex related as the male horses were foubd gignificantly taller than their female

counterparts.
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CHAPTER FIVE
GENERAL SUMMARY AND CONCLUSIONS

This thesis considers skeletal growth in the Thghtwed foal, and making use of Holstein
calves, explores the concepts of skeletal symnaatdythe way in which we can measure
it, incorporating the use of digital image analysssa means of measuring growth in large
ungulates. Calves were measured to determinevifiiens from symmetry exist, and

whether these might be induced by imposing a staess then Thoroughbred foals were
assessed to determine both the growth and symmdatigg the stress of weaning and

training.

The work of Yalgin & Siegel, (2002) investigatedests as the cause of skeletal asymmetry
in chickens. Further research in chickens, qualisews and racing dogs (Badyaa\al.,
2000, Mgller & Swaddle, 1997) has shown that ansnalal indeed respond skeletally to a
change in their environment, however not much waak been done on ungulates. Yalgin
& Siegel’s (2002) work raises two issues — one ghatetal symmetries exist, and two, that
they can be induced by stress. This thesis aimedftore these two facets with respect to

ungulates.

The literature provided some evidence of the meamployed to analyse growth. These
include calculations (Carroll & Huntington, 198&arcass samples (Barneveld & van
Weeren, 1999), digital assessment (Anderson & Mdilit, 2004; Thompson, 1995),
measuring tapes (Carroll & Huntington, 1988), rgdaphs (Barneveld & van Weeren,
1999; Campbell, 1977 & 1981) and weighing scalegépet al., 1996). The use of these
methods may be preclusive due to time, expensel@vance. It was decided to use image
analysis (Thompson, 1995) to obtain a measurenfeskietetal growth in large animals.

Image analysis as a management tool in large asimas used to develop relationships
which can be utilised to determine the bone lerajtta given age and to evaluate the
response in bilateral skeletal growth to weaniragpece. The disparity between the actual
measurements on the animal and those taken fromnmage decrease as the length of the
bone increases. Photographs give a reasonablexapption of skeletal growth in long

bones of large animals. The bones that were faarze suitable for measuring were the
scapula, tibia, first phalanx of the foreleg and tbtal hind leg measurement (Table 13).
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The metacarpal, metatarsal and total foreleg measemts give adequate indications of the
bone lengths, although consistently smaller, amdbeaused to represent increases in bone
length over time. Suggestions for improvement m rtiethod would be to attach a marker
to the bony landmarks prior to taking the photograporder to improve accuracy when

reviewing the images.

In order to predict length in a variety of bonesay given time, equations were developed
using regression analysis of log transformed bengths (Table 15). These equations can
be utilised as a tool to determine if calves aréatt growing at a normal growth rate on
one of two weaning programmes (the conventionahteigeeks of age or an early six

weeks weaning).

Weaning time did have an effect on the symmeticale growth of the Holstein calves
between birth and 224 days of age The calves thet weaned early grew at a slower rate
and achieved less height at wither and croup tharater weaned calves. At 224 days of
age, the body weights were all similar, but the mieg programme had affected the
skeletal growth of the calves from birth to 224 slaf age. Calves that were weaned
earlier were proportionally more asymmetrical tithe calves that were weaned later
(Table 14). The asymmetry diminished as the arsronahtinued to grow, suggesting that
the age of the stress, and the duration of it vimgeortant in influencing lasting skeletal
asymmetry as the animals were able to correctdmimetries that were developed during
the initial growth period.

Racing Thoroughbred foals raised to maturity cast @ small fortune depending on
breeding and racing performance. Their productieal gs racing and then breeding
performance, and billions of dollars and rands uestin the breeding, training and
performance of these horses in their lifetime (Dali985; Manning & Ockenden, 1994;
Mgller & Swaddle, 1997). The growth rate and maximbody weight of Thoroughbred
foals has not changed significantly over the lasnty eight years (Figure 17 & 18), but
the expectation of their performance certainly hds.it is true that horses that train
predominantly on a left rein are better suited aging on a left bend (Manning &
Ockenden, 1994; Watsosdt. al., 2003), then performance can surely be enhanced by
applying results from investigations of the degteewhich motor laterality can be

influenced by training and conditioning. Are thekeletal manifestations of training, is the
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stage of development of the horse important imingi, or can developmental orthopaedic
issues affect a horse’s racing performance? Howtloa stud manager assess growth and

at what stage might asymmetry be observed?

Equations were developed (pg 56), using the data this trial, which could be used to
determine the predicted height at point of withed &ip and the body weight of a growing
foal from birth to 300 days of age. These prediticould be utilised to determine if the
Thoroughbred foal is in fact growing at the correate so early adjustments could be

implemented to correct any deviations for this giovate.

Literature has proven that stress does in factcaffiee symmetry of an animal and
literature has also proven that weaning time icgiged as a stress in a young growing
animal. The degree of asymmetry that was reveajetthd growing foals over the time of
weaning was all below 1 %, this is very low complai@ the relative asymmetries reported
by Mgller & Swaddle (1997) and Watsenhal. (2003). As a result it can be reasoned that
the stress perceived by the foals was not sufficien produce dramatic skeletal
asymmetries. It was observed that there was aeaserin the skeletal asymmetries at the
time of an increase in management and handlingheffbals. This did not bring the
asymmetries beyond the 1% value. Foals do respmistiéss with skeletal asymmetries,
and these asymmetries can be corrected, when thefagosing of the growth plate and

the duration of stress are considered.

Young racehorses starting their careers (18 to 2dting) displayed asymmetries in the
hind leg (tibia length, metatarsus length, heighttet calcani and therefore hind leg
length), but there were no significant differenéesnd in the forelimb between the two
race training yards in KwaZulu-Natal (Ashburton &uwmmerveld). It is the hind leg that
produces the power when racing and asymmetry widlehse the performance level of the
hindquarters and therefore racing ability (Dali®8%). Small differences in bone length
between left and right limbs (in particular thattbk metatarsus/metacarpus bones) are
likely to have an effect on coordination and baggnehereas larger differences between
the left and right bones may affect the abilityrége around turns (Wats@h al., 2003).
The asymmetries in bone length and the angles eatifeese bones will have determined

the limb conformation and will affect the leveragering motion (Clayton, 2004).
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Drevemoet al, (1987) found that there were pronounced deviatimets/een left and right
diagonals and steps at ages eight, 12 and 18 moithge, indicating asymmetries in
locomotion pattern from an early age. The strichglle may be influenced by early muscle
development and skeletal structure of the horse@noet al., 1987). Winning by a
nose makes the optimisation of stride length imjpera Skeletal asymmetries can lead to
a decrease in performance, with respect to totaliregs and the number of races started
(Dalin, 1985), with the more asymmetrical horse$ performing as well as the more

symmetrical horses, and ending their careers ealdier (Mgller & Swaddle, 1997).

Sex did not affect the heights achieved by thesfaathe first 300 days and therefore any
differences between males and fillies are achiefemt 300 days of age. Sex did not affect
the symmetrical growth of the foals to 300 daysagé, but did have an effect on the
several bone lengths in the appendicular skel®ody weight was affected by the sex of
the animal, but these differences were not consteett the yards and could be a result of
nutrition, trainings or management. The height ipf Wwas found to be sex related as the
male horses were found to be significantly talleart the fillies in this study. Sex was

found to have a significant (P < 0.001) effect ba tengths of the scapular, metatarsal,
foreleg and hind leg measurements of the foals footh to 300 days of age and the height

of hip and hind leg measurements of the two yedrating Thoroughbreds.

So, breeders could make use of image analysis totondhe growth profile of young race
horses. Regression equations can provide weigldge data in a South African context,
and skeletal symmetry can give some indicatiorhefdressure perceived by the animal as
it performs the tasks expected of it. Further wawkld concentrate on the implementation
of image analysis as a management tool in the gr@ivthe foals. Investigation is also
warranted into the asymmetry of the two year oldsés in training and whether the
idiosyncratic motor laterality induced by the symimiean be correlated with performance

in their racing careers.

The South African racing industry contributes gre&d the Gross Domestic Product of
SA, as well as creating activity in the employmerdterinary, export and recreational
sectors. Equine enthusiasts, scientists, vetémsr nutritionists and complementary
health care science professionals all have a vastedest in the continued health and

welfare of the Thoroughbred racehorse, both irdirect sense and in the resale market. A
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study that produces a novel technique using therotilghbred horse, and highlights
concerns of stress in weaning and training witrappropriate quantitative assessment of

this, adds value indeed to a very lucrative anéoperance-driven industry.
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Appendix 1: Foreleg measurements (cm) of Holsteiegian bull calves & measurements obtained froair fphotographs.

Age EW/
. EW/ EW/LW. P/T.
0
7 14 21 28 35 42 56 g4 S€4 Lsd cv¥% Side  Age |\ PIT Tog %Vé Age
Scapula
P 259 274 279 286 292 303 315 323
T 26.1 268 275 287 291 296 316 331
Mean 26.0 271 277 287 292 299 315 327 055081 33 NS * ** NS ** * *
Radius
P 23.8 244 248 254 262 272 282 29.0
T 243 250 256 26.3 266 26.7 275 285
Mean 241 247 252 259 264 269 278 288 050980 3.3 NS * NS NS NS NS **
Metacarpus
P 152 166 173 179 185 19.2 200 20.7
T 151 178 186 19.0 19.2 195 20.2 210
Mean 151 172 179 185 189 194 20.1 208 0.38740 35 NS * * * * ** **
First Phalanx
P 5.9 6.4 6.7 7.1 7.3 7.5 7.7 7.8
T 5.7 7.1 7.7 7.9 8.3 8.3 8.5 8.8
Mean 5.8 6.8 7.2 7.5 7.8 7.9 8.1 8.3 0.22 043 5.NS ** ** ** NS NS **
Total Foreleg
P 709 749 767 790 812 843 874 897
T 711 76.7 79.4 820 832 840 878 0914
Mean 710 758 780 805 822 841 876 905 101981 21 NS ** * * ** ** **

Total Foreleg measures the radius, metacarpus and first phadgexher
EW/LW - Early Weaned / Late WeanBdl' — Photographic Material / Tape Measure Material

P <0.01
* P<0.05

NS — Non Significant
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Appendix 2: Hind leg measurements (cm) of Holsteilesian bull calves & measurements obtained fioair photographs.
Age sed Lsd cv% Side Age EW/LW P/T EWLW. E\\//Vw PIT.
7 14 21 28 35 42 56 84 PIT pge A€
Tibia
P 31.6 332 337 348 356 36.7 37.8 387
T 319 324 333 346 357 360 372 38.9
Mean 31.8 328 335 347 356 363 375 388 053041 26 NS *x * NS *x *x NS
Metatarsus
P 194 203 212 218 225 233 240 250
T 19.1 220 228 234 239 242 247 257
Mean 192 211 220 226 232 238 244 253 0.62231 4.7 NS *x NS *x *x NS *x
First
Phalanx
P 6.2 6.5 6.9 7.1 7.4 7.6 7.7 7.7
T 6.1 7.0 7.4 7.8 8.2 8.3 8.7 9.0
Mean 6.2 6.7 7.1 7.5 7.8 8.0 8.2 8.4 0.24 0.47 5.5NS *x *x *x NS NS *x
Total Hind
leg
P 57.1 600 61.7 636 654 675 694 713
T 573 614 636 659 678 686 707 73.6
Mean 572 607 626 648 666 681 701 724 104052 28 NS = ** NS o o ** NS

Total Hind leg measures the tibia, metatarsus and first phatzgether
EW/LW - Early Weaned / Late WeanBdl' — Photographic Material / Tape Measure Material

P <0.01
* P<0.05

NS — Non Signifiant
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