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( ABSTRACT)

The dissertation consists of a series of experinents
conducted to study devel opnental stability of various genetic
stocks at different stages in the life cycle. The primary
measures of stability were type and degree of asymmetry of
bilateral traits and heterosis.

Hi gher rel ative asymmetry (RA), which was defined as (|L-R|
I [(L+R)/2]) x 100, was observed in |lines of Wite Leghorns
sel ected 23 generations for high or |ow antibody response to
sheep red blood cells than in their F;, crosses. The bil ateral
traits were 39-day shank length and | ength and wei ght of the
first primary wing feather. Shank | ength was again neasured on
day 49 while body, heart, shank, and |ung wei ghts and ceca
| engt hs were obtained on day 56. Heterosis was positive
for organ sizes and negative for degree of RA

Shank | ength and dianmeter, weight and I ength of the first
primary wi ng feather, and distance between the junction of
mexi |l la and mandi bl es and auditory canal (face |length) were used
to classify bilateral types and neasure RA in six genetic stocks.

The stocks were the S;; generation of White Leghorn |ines
selected for high or |ow anti body response to SRBC, sublines
where sel ection had been rel axed for eight generations, and
reci procal crosses of the selected lines. D fferences were found
anong all stocks for the traits neasured. Rankings anong traits
for RA in descending order were face | ength, shank dianeter,

f eat her wei ght, and shank and feather |engths. The RA of shank



and feather lengths did not differ fromeach other. The nean RA
of the five traits was higher for the two selected lines than the
crosses between them The RAs of the two |ines where sel ection
had been rel axed was simlar to that of selected |ines.

In a line of Wiite Rocks selected 39 generations for | ow
ei ght -week body weight, bilateral traits neasured were shank
| ength and di aneter, face |l ength, and weight and | ength of the
first primary wing feather of females at 240 days of age. The RAs
of individuals that had not commenced egg production by 245 days
of age were simlar to those that had entered lay. In both cases,
these RAs were higher than those of a subline in which selection
had been rel axed for four generations.

Broiler sire |lines had higher RA than damlines for |ung
wei ght at hatch. Heterosis of RAs suggested supperior honeostasis
in Ficrosses than in the sire lines.

Based on popul ations studied, it nay be concluded that RAs
were trait specific with the RA of shank I ength being Iower (0 <
RA < 29 than |lung wei ght which was 10% or hi gher regardl ess of
genetic background. The types of bilateral asymetry exhibited
al t hough I ess consistent, still had consistency such that feather
wei ght and ceca wei ght exhibited anti synmetry across different
stocks. Length and wi dth of shank and wei ght of |ung, were
generally of fluctuating asymetry.

Heart:lung ratios differed anong genetic stocks. In Wite
Leghorns, lungs fromlate enbryoni c devel opnent to 25 days after
hatch were heavier in a line which had heavier juvenile body
wei ght than in one with |ower juvenile body weight. In comrercial
broilers, heart:lung ratios at hatch were | ower and thus inferior
in parental lines than in their F; crosses.
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| NTRODUCTI ON

The poultry industry has reached a | evel of sophistication
so that it uses intensively selected |ines and crosses anong them
that are highly efficient in production of neat or eggs.
Responses to selection for production of nmeat or eggs did not
come about w thout reallocation of resources from other
bi ol ogi cal functions. Such reallocations can interrupt biological
bal ances and di srupt honeostasis. Disruption of honeostasis may
be evidenced by stress responses. Although there has been
consi derabl e research on responses to environnental stressors in
poultry (Freeman, 1985; Siegel, 1995; Zulkifli and Siegel, 1995),
informati on on responses to genetic stressors is quite limted.
Responses to environnental stressors may be neasured in a variety
of ways, including inmunol ogi cal, behavioral, serological, and
endocri ne changes (Siegel, 1995; zulkifli and Siegel, 1995;
Freeman, 1985). In contrast, the principal criteria for nmeasuring
responses to genetic stressors are bilateral asymmetries (see
reviews by Pal ner and Strobeck, 1986, 1992; Parsons, 1990).

Physi ol ogi cal and genetic limts to selection in poultry are
wel | docunented (Lerner, 1954; Dunni ngton, 1990). Intensive
sel ection for egg or neat production has increased skeletal and
met abol i ¢ disorders while the incidence of diseases has
decreased. Leg disorders (Cahaner and Siegel, 1986), ascites
(Julian, 1993), and sudden death syndrone (Bowes et al., 1988;
Chung et al., 1993) are exanples of skeletal and netabolic
di sorders which may be devel opnental in origin. Breeders face the
chal | enge of paying attention to nmechani sns involved with
devel opnent, and because fluctuating asymmetry may be di agnostic
of genetic stressors (Parsons, 1990; 1992), it is a prom sing
candi date for study in poultry popul ations.

LI TERATURE REVI EW
Bil ateral asymmetry, the deviation of part of an organi sm
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fromperfect symetry, can be categorized as antisymetry,
directional, or fluctuating (van Val en, 1962). Each of these
categories is characterized by a different conbination of the
mean and variance of the distribution of right mnus left (R L)
differences. In an excellent recent review Pal ner (1996) provided
exanpl es of frequency distributions for fluctuating asymetry,
directional asymetry, and antisymetry.

Antisymmetry occurs where asymetry is normally present but
it is variable as to which side has greater developnent. It is
di stingui shed by a platykurtic (broad peaked) or binodal
distribution of R L differences about a nean of zero. An exanple
is the oversized signalling clawin male fiddler crab which
occurs with approxi mately equal frequency on both the right and
| eft sides (Palnmer and Strobeck, 1986). Directional asymetry
refers to greater devel opnent of a character on one side of the
pl ane or planes of symmetry than the other or others. Traits
exhibit normally distributed R L differences about a nean that is
significantly either greater or |less than zero. An exanple is the
avi an heart (King and MLell and, 1984) where for the chicken the
right atriumis larger than the left, and the left ventricle is
three tines that of the right ventricle (Sturkie, 1965). In the
chi cken, testes and adrenal glands show simlar patterns with
| eft greater than right (Siegel and Siegel, 1960; Hocking, 1992).
Fluctuating asymmetry (FA) reflects small, random devi ati ons from
symmetry in bilateral characters with a normal distribution of R
L differences whose nean is zero (van Val en, 1962; Pal ner and
Strobeck, 1986; Leary and All endorf, 1989; Parsons, 1990; Moller
and Swaddl e, 1997). Any two or all three types of asymetry may
occur together for the sane character with FA thought to be
ubi qui tous (van Val en, 1962; Pal ner and Strobeck, 1992).
FLUCTUATI NG ASYMVETRY

Darwin's statement in The Variation of Animals and Pl ants
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Under Donestication, "it mght have been antici pated that
deviations fromthe | aw of symetry woul d not have been

i nherited" (Darwin, 1868 as cited by Pal ner and Strobeck, 1986)
has stood the test of time. CGenetic studies have confirmed that
FAs have little or no neasurable heritability (Sumrer and
Huestis, 1921; Potter and Nance, 1976; Leany and Atchl ey, 1985;
Leary and All endorf, 1989; Parsons, 1990), and it may be reasoned
t hat deviations from perfect symmetry should be m nor because the
left and the right sides of the body are products of the sane
genone (Leary and Allendorf, 1989; Zakharov, 1989; 1992). Caused
by genetic and environnental stressors, FAs have been studi ed as
a neasure of devel opnental stability (Pal nmer and Strobeck, 1986;
Parsons, 1990; Mol ler and Swaddl e, 1997).

Asymetry has been observed for variety of traits and
organi sns including teeth in humans, rats, mce, and extinct
horses; palmridge counts, fingertip ridge counts, and ear |obe
| engths in humans; |inb bones in humans and martens; crani al
traits in large cats, rhesus nacaques, nuskrats, and kangar oo
rats; various skeletal elements and nustachial vibrissae in rats
and mce; nunerous netric and neristic traits in lizards and
fish; sternopl eural chaetae nunber and other features in
Drosophila; wng lengths in honeybees and houseflies; w ngs and
other features in butterflies; antennal length in dipteran flies;
| abi al pal ps and si phonal papillae of freshwater bivalves (see
reviews by Pal mer and Strobeck, 1986; Leary and Allendorf, 1989;
Parsons, 1990); as well as bones in birds (Mdller et al., 1995;
Al exander, et al., 1984; Soule and Couzi n- Roudy, 1982). Parsons
(1990) proposed that with reconbinati on as a nodel, genetic and
envi ronnment al perturbations m ght be expected to influence FA in
anal ogous ways because both stress categories nmay be inposed
during devel opnent. Accordingly, the overall level of FAs in
nor phol ogy provides an integrated neasure of phenotypic quality
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of the individual in terns of ability to control stable
nor phol ogi cal devel opnent (van Val en, 1962; Pal ner and Strobeck,
1986; Leary and Al l endorf, 1989; Parsons, 1990).
ENVI RONVENTAL STRESS
There is accumul ati ng evidence that variability tends to
i ncrease when severe stressors are inposed by physical and
bi ol ogi cal environnents (see reviews by Pal ner and Strobeck,
1986; Leary and Allendorf, 1989; Parsons, 1990; Mdller and
Swaddl e, 1997). This variability may be especially inportant in
determ ning survival, and indirectly at the | evel of genes
controlling protein variation. The assunption is that popul ations
have not undergone sel ection for phenotypic extrenes which could
nmodi fy variability (Pal mer and Strobeck, 1986). For a definition
of the severity of a stressor, one may consider a physical
stressor that substantially increases variability with such
severity that continuous exposure results in rapid lethality.
These conditions are exenplified by short bursts of extrenme
stress occurring at climatic and ecol ogi cal margi ns where just a
smal | environnmental perturbation could be lethal. Exanples of
such environnental stressors include extrenme tenperature (as seen
wi th heat in chickens), protein deprivation, starvation,
audi ogeni c stress, exposure to pollutants and toxicants, and
crowdi ng (see reviews by Pal mer and Strobeck, 1986; Leary and
Al | endorf, 1989; Parsons, 1990, 1992; Zulkifli and Siegel, 1995).
I n humans, dental asymetry has been used as an indicator of
stress in popul ati ons assayed for favorable environnments as
j udged from et hnographi c and nedi cal data (Pal mer and Strobeck,
1986; Parsons, 1990; 1992). In addition, donestication may be
considered as an environnental stressor resulting fromartificial
sel ection. Donestication may be contrary to natural selection and
thus increase FAs (see reviews by Mtton and G ant, 1984; Pal ner
and Strobeck, 1986; Leary and All endorf, 1989; Parsons, 1990,
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1992) .
GENETI C STRESS

Several types of genetic stress have been shown to
i nfl uence FA. These include | oss of genetic variation,
hybri di zation, incorporation of nmutants with major effects, and
intense artificial selection (Sumrer and Huestis, 1921; Pal ner
and Strobeck, 1986; C arke and McKenzie, 1987; Leary and
Al | endorf, 1989; Parsons, 1990).

LOSS OF GENETI C VARI ATI ON. Reduced genetic variation in
inbred | aboratory strains of animals results in nore asymetry
than that found in hybrids between strains (Mather, 1953; Leany,
1984) or individuals fromrandom nati ng popul ati ons (Leary et
al ., 1985; Bader, 1965; Alados et al., 1996). It has been
reported for several species that popul ations genetically nore
vari abl e as neasured by enzynme-coding |oci exhibit fewer FAs than
popul ations | ess variable at these | oci (Bader, 1965; Soul e,
1979; Kat, 1982; Vrijenhoek and Lerman, 1982; Hutchi son and
Cheverud, 1995). Also, individuals from popul ations with reduced
genetic variation because of bottlenecks or founder events
exhi bited nore FAs than individuals from other conspecific
popul ati ons or species (Vrijenhoek and Lerman, 1982; Leary et
al ., 1985; Wayne et al., 1986).

High levels of FAs in a population, therefore, may indicate
that | oss of genetic variation has resulted in perturbed
devel opnent. The associ ation between heterozygosity and reduced
FAs may be due to either honbzygosity of del eterious recessive
alleles or a heterozygous advantage (Mtton and Grant, 1984;

Pal mer and Strobeck, 1986; Leary and Al |l endorf, 1989; Parsons,
1990) .

HYBRI DI ZATI ON. Hybridi zati on nay al so i npose a genetic
stress associated with increased |ikelihood of a breakdown in
genom ¢ coadaptation, i.e., honeostasis (Tebb and Thoday, 1958;
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Leary et al.,1985; Zakharov, 1989). Crosses between species nmay
reflect disruption of genom c adaptations which have devel oped
since the popul ati ons becane reproductively isolated and hence
reduced fitness. Whether this occurs and to what degree depends
on the specific popul ations involved (Leary and All endorf, 1989;
Par sons, 1990). Although observed both between and within
speci es, such disruption is less |likely when popul ati ons are
genetically quite simlar or in hybrid popul ations that have
exi sted | ong enough to enabl e honeostasis to re-evolve (C arke
and McKenzie, 1987; Leary and All endorf, 1989).

| NCORPORATI ON OF NOVEL MUTANTS | NTO THE GENOVE. CGenomi c
di sruption can occur when a najor gene is being incorporated into
a popul ation, even when the gene is an advantageous allele
(Fisher, 1958; C arke and McKenzie, 1987). Honeostasis may
initially deteriorate and then be restored because of subsequent
selection favoring nodifiers at other |oci. Devel opnental
di sruption caused by a new nmutant whi ch had been reduced by
breedi ng or natural selection nmay be restored when the nutant is
i ntrogressed into another genetic background. Therefore, genomc
reconbi nati on may be an appropriate explanation for the
nodi fiers' selection (Parsons, 1990). If so, there may be
application to popul ati on genetics, conservation biol ogy, and
ani mal breeding (Jones, 1987; d arke and MKenzie, 1987; Leary
and Al lendorf, 1989; Mller et al., 1995). Transgenic organi sns
provi de an exanpl e (Parsons, 1992) because when the extra
macr onol ecul es are incorporated or synthesized, genetic stress
occurs with a general destabilization of netabolic processes
whi ch have a fitness cost expressed as an energetic burden
(Lenski and Nguyen, 1988). Specifically, transgenic pigs with
hi gh grom h rates have sinultaneously a high incidence of gastric
ulcers, arthritis, cardionegaly, dermatitis, and renal disorders
(Pursel et al., 1989).



| NTENSI VE SELECTION. Both intensive natural (Jones, 1987
Cl arke and McKenzie, 1987) and artificial (Reeve, 1960; Ml ler
and Pom ankowski, 1993 a, b) selection can cause deterioration of
honmeost asi s, and genom c di sruption may al so occur when a
popul ation is transferred to a new environnent (Leary and
Al l endorf, 1989). Mdreover, intensive directional selection has
been hypot hesi zed by Parsons (1992) to increase the overall |evel
of devel opnental instability as neasured by FAs, whereas Ml |l er
and Pom ankowski (1993a,b) and Moller et al. (1995) hypothesi zed
that stabilizing selection could have the opposite effect. The
rationale is that selection directly affects alleles that control
devel opnent al honeostasis. Therefore, directional selection for a
trait should i npose sel ection against genetic nodifiers that
reduce the devel opnent of extrene phenotypes, whereas stabilizing
sel ection should result in incorporation of nodifiers that reduce
extrenme genotypes (Fisher, 1958; Jones, 1987; d arke and
McKenzi e, 1987; Parsons, 1992).
| MPLI CATI ONS

From a genetic point of view, FA may be used as a neasure of
devel opnment stability caused by environnmental and genetic
stressors. This neans that FA may serve as a nonitor of evolution
(see reviews by Pal ner and Strobeck, 1986; Jones, 1987; Leary and
Al | endorf, 1989; Parsons, 1990, 1992), donestication (Parsons,
1990), conservation biology (Leary and Allendorf, 1989), and
animal wel fare and breeding (Mol ler et al., 1995).

EVOLUTI ON. There are several reasons why FA may be a
val uabl e tool for making evolutionary inferences. First, because
FA is in general negatively correlated with heterozygosity, the
| evel of FA may be used to detect genetic variation anong
contenporary popul ati ons or between ancestral and descendent ones
(Pal mer and Strobeck, 1986; Jones, 1987). Second, if the Il evel of
FA refl ects degree of canalization, then FA may reveal the
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evol ution of increased canalizing ability within taxa over the
first several mllion years of metazoan evolution (Soule, 1982).
Finally, if FAreflects a degree of canalization, levels of FA
may be used to test the strength of selection for canalization of
different traits under the assunption that traits of greater
functional significance to an organi sm undergo stronger selection
for canalization. This hypothesis is supported by the report of
Gumrer and Brigham (1995) that traits can be ranked in order of
functional inportance according to the degree of FA

DOVESTI CATION. | f donestication is considered an
environnental stressor it may be a nodel for studying stress and
therefore evol utionary and popul ati on genetics (Jones, 1987;
Kohane and Parsons, 1988). Assessnent of FA may be useful in
nmonitoring the stress of introducing wild organisns into a
donesti cated environnent (Belyaev, 1979; Parsons, 1990).

During donestication, which is an artificial selection
process, limted resources are reallocated (Parsons, 1990). For
exanpl e, increased skeletal strength could reduce the probability
of fracture, but involve greater mass and i ncreased energy cost.
Hence, there would be an optinmum strength for each skel etal
arrangement and the symmetry of the nmechani cal properties of
paired | ong bones would indicate the precision of formation of
ani mal skel etons. Al exander et al. (1984) tested honol ogous |inb
bones in three species of birds for failure in bending, |oad at
fracture, and work to fracture and found that FA was nuch | ower
ingulls than in donesticated pigeons and hens. It would be
clearly adaptive to maxi mze symmetry in the wild especially in
relation to mnimzing variability of |load for fracture.

Donesti cati on, however, could reduce the sel ective advantage of
synmetry.

CONSERVATI ON Bl OLOGY. As an indicator of perturbed
devel opment due to stressors, FA nmay have application to
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conservation biology prograns (Leary and Al |l endorf, 1989). First,
mai ntai ni ng genetic diversity is often essential for captive
popul ati ons which serve as a source to establish and augnment
nat ural popul ati ons. Assum ng that environnments of captive
popul ations are usually |l ess variable than those of natural
popul ations, an increase in FAwthin a captive popul ati on woul d
be nore likely to indicate genetic than environnental stressors.
If this assunption is correct, FA could be used to nonitor the
efficacy of genetic variation maintained in captive popul ati ons.
Nat ural popul ati ons and environnents nmay be nonitored by the
choi ce of organisnms and characteristics. Populations with recent
hi stories of hybridization, bottlenecks, or exposure to
pol lutants exhibit greater FAs than ot her popul ations (see
reviews by Pal ner and Strobeck, 1986; Leary and Allendorf, 1989;
Parsons, 1990; MJd|ler and Swaddl e, 1997). Since tenporal changes
or unusually high FAs may al so indicate environnental stressors,
sedentary organi sns or ectotherns nmay be nore useful than
nonsedentary organs to assay environnental quality (Leary and
Al | endorf, 1989).

ANI MAL VWELFARE AND BREEDI NG  The overall |evel of FA
reflects an integrated neasure of phenotypic quality of the
i ndi vidual (see reviews by Mtton and Grant, 1984; Pal ner and
Strobeck, 1986; Leary and Allendorf, 1989; Parsons, 1990, 1992).
Therefore, it is not surprising that both genetic and
envi ronnental stressors cause FAs in a variety of species, and
t hat individuals or popul ations under genetic stress are al so
sensitive to environnental stressors.

Chi ckens have undergone intensive artificial selection for
growt h or egg production during the last half century, and
met abol i ¢ and skel etal disorders have becone major concerns
(Cahaner and Siegel, 1986; Julian, 1993; Chung et al., 1993).
Mol ler et al. (1995) proposed that the | evel of FA may be a
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reliable and objective way to assess general health and wel fare
status of such stocks. Mdller and Pom ankowski (1993a,b) reported
that intense directional selection increased overall |evel of
devel opnental instability as nmeasured by FAs whereas stabilizing
sel ection had the opposite effect.

Since a |l ack of honmeostasis may be a problemin highly
sel ected popul ati ons, FA has potential as a useful and
i nexpensi ve integrated neasure of the phenotypic quality of
i ndi viduals or popul ations. Levels of FAs may be useful in
breedi ng prograns because individuals with | ow FAs may be
particularly adapted to cope with stressful conditions either in
terms of the environnental or their genetic background. An
anal ysis of the genetics of developnental stability reveal ed that
FA and ot her neasures of devel opnental stability have a noderate
to high additive genetic variance (Mller et al., 1995).
Therefore, if breeding prograns are designed to select for
i ncreased overall devel opnental stability, it nay be possible to
i ncrease general performance under a range of conditions. Also,
because rel ative FA appears to differ anong breeds (Ml ler et
al ., 1995), there may be variation in sensitivity in response to
genetic stressors. Lastly, as an assessnent of environnmental and
genetic stressors, FA and other neasures of devel opnent stability
may have potential in evaluating rearing conditions for aninmals
(Leary and All endorf, 1989; Parsons, 1990).
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PAPER |
Late Enbryonic And Early Posthatch G owh of Heart and Lung

in Wiite Leghorn Lines of Chickens
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ABSTRACT: G ow h and devel opnment of heart and | ungs were neasured
fromday 15 of incubation to 25 days after hatch in |ines of

chi ckens that had undergone |ong-term selection for high (HAS) or
| ow (LAS) antibody titers to sheep erythrocytes. A correlated
response to this selection was heavi er 28-day body weights for
LAS than HAS chickens. In this experinent body weights were
heavier in line LAS than HAS from 15 days of incubation to 5 days
after hatch and again at 25 days after hatch. Absorption of
residual yolk was greater in HAS than LAS chicks. Although there
were no differences between |ines for absolute heart weights,

I ungs were heavier in line LAS than HAS at all ages except 20
days after hatch. Relative to body weight, both heart and | ung
wei ghts declined with age, however, the pattern of decline
differed. For this criterion, hearts were larger in |ine HAS
than LAS to 5 days after hatch with no difference thereafter; for
lungs lines were simlar until 5 days after hatch after which
they were larger in LAS than HAS chicks. 1In all but one case
(HAS at hatch) the left:right relationship for lung weights
exhibited fluctuating asymmetry with the left mnus right
character difference having a nornmal distribution and nean zero.
The degree of fluctuating asymmetry, however, varied with age.

| NTRODUCTI ON

Gowmh is a conplex process whereby various systens interact
and size of organs change at different rates. Devel opnental
constraints contribute to biol ogical balances which allow for
synchrony anong systens. Directional selection for specific
traits such as body weight and neat yield can disrupt
devel opnmental synchrony and result in conditions such as
pul nonary hypertensi on syndrone (ascites) which has beconme common
in young neat-type but not egg-type chickens (Julian, 1989;
1993). Ascites is an exanple of a biological inmbalance which is a
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consequence of altering the dynam cs of coupling the

cardi ovascul ar and the respiratory systens in which lung is
derived fromentodermwhile heart and skel etal nuscles are
derived fromnmesoderm Asymetries of the lungs and hearts of
chickens are different. There are two separate |ungs each | ocated
to the left or right of the vertebral colum, and a single heart
which lies partly between the two | obes of the liver, partly
cranial to that organ. The left ventricle of the heart is about
three-tines larger than the right ventricle and the right atrium
| arger than the left atrium (King and MLelland, 1984). In
contrast, size of left and right lungs is symetrical across a
wi de range of avian species (Maina et al., 1982). Both sides of
an individual are products of the same genone and the degree of
relative asymretry of bilateral traits has been used to neasure
perturbed devel opnment due to genetic and environnental stressors
(Bader, 1965; Palnmer & Strobeck, 1986; Parsons, 1990; Pal ner,
1996) .

The genetics of growth and devel opnment of the fow and
Japanese quail was recently reviewed by Marks (1995). The late
enbryoni c period and early posthatch period of precocial birds is
a time of major changes in the cardi ovascul ar-respiratory
interface. The experinment reported in this paper was designed to
measure growt h and devel opnent of the heart and |ungs fromday 15
of incubation to 25 days after hatch in lines of chickens that
were not directionally selected for grow h.

METHODS AND MATERI ALS
The lines of chickens used in this experinent were Wiite
Leghorns sel ected 23 generations for high (HAS) or |ow (LAS)
anti body response to a single intravenous injection of .1 nL of a
. 25% suspensi on of sheep red blood cells adm ni stered between 41
and 51 days of age (Siegel and Gross, 1980; Martin et al., 1990).
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A correlated response to this selection was that by 28 days
after hatch body weights are greater for LAS than HAS chi ckens.
Eggs from age contenporary parents of both |ines were
i ncubated in the sane nmachine. The parents were random sanpl es
fromeach parental |line and all progeny data were froma single
setting (incubation) of eggs obtai ned when parents were between
231 and 236 days of age. At 15 and 18 days of incubation, 10
enbryos fromeach Iine were freed fromtheir yol k sac and ot her
menbr anes, blotted on a paper towel, weighed (.01g), and their
heart and left (L) and right (R) lungs dissected and wei ghed
(.01g). At hatch, random sanpl es of 34 HAS chicks (12 fermal es and
22 mal es) and 35 LAS chicks (15 fenal es and 20 mal es) were
sacrificed by cervical dislocation to obtain L and R lung, heart,
yol k sac, and body wei ghts. Body wei ght was defined as |ive body
wei ght m nus yol k sac weight. At 5, 10, 15, 20, 25 days after
hatch, L and R lung, heart, yolk sac, and body wei ghts were
obt ai ned from random sanples of 10 individuals fromeach |ine.
After hatch, chicks were reared in battery brooders with wre
floors in a wi ndowl ess room where |ighting was conti nuous and
roomtenperature was mai ntai ned at 21+1 C. Brooder tenperatures
were 34xz1 Cto day 7 and 26x1 fromdays 7 to 14. Brooder heaters
were then turned off. A mash diet consisting of 20% crude
protein and 2685 kcal of ME/ kg in mash formwas fed ad |ibitum
Wat er was al ways avail abl e.

Body, lung ((L+R)/2), and heart weights were analyzed by
ANOVA with age, line, sex, and the interactions anong them as
mai n effects using the GLM procedure (SAS Institute, 1985). The
sanme anal ysis was used to analyze relative fluctuating asymetry
(RFA) of lungs which was defined as (|L-R/(L+R)/2). Product-
nmonment correl ations were cal cul ated anong body, lung ((L+R)/2),
and heart weights. Changes in weights over ages were determ ned
by pol ynom al regression analysis using the G.M procedure. Signed
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(+ or -) bilateral asymetry (L-R) was tested for normality with
mean zero by the Shapiro-WIk statistic Wand one sanple t-test
(SAS Institute, 1985). Yol k sacs were scored as conpletely
absorbed (<.07g) or not absorbed. Prior to anal yses, body

wei ghts and absol ute organ weights were transforned to conmon

| ogarithnms and ratios to arc sine square roots.

RESULT

Interactions of lines and of sex with age were significant
for body, lung, and heart weights. Accordingly, subsequent
anal yses of these traits were conducted by |line and sex at each
age.

Gowt h patterns according to genetic line

Body wei ghts were heavier for line LAS than HAS from 15 days
of enbryoni c devel opnent to 5 days after hatch and again at 25
days after hatch (Figure 1). Polynom al regressions of body
wei ghts on age followed a quadratic formfor both |Iine HAS and
LAS with R of .96 and .98, respectively. Equations are shown in
the |l egend for Figure 1.

There were no di fferences between |ines for absolute heart
wei ght at any age (Figure 2). 1In contrast, absolute |ung weights
were heavier for LAS than HAS chicks at all ages except day 20.
G owh patterns of hearts and | ungs had quadratic significance
as seen by the equations shown in the | egend for Figure 2. R for
heart was .96 for line HAS and .95 for line LAS. For lungs, R

was .91 for line HAS and .95 for |ine LAS.

There were no rel ati onshi ps between body and absol ute | ung
or heart weights at any age. This |ack of part-whole relationship
was probably because |lungs ranged fromonly .29%to .50% of body
wei ght and hearts ranged from.66%to 1.11% of body wei ght. When,
however, lung and heart weights relative to body weights were
exam ned, differences between |ines becanme evident (Figure 3).
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Al t hough both heart and |ung weights relative to body wei ght
declined with age, relative heart weights were heavier in |ine
HAS than LAS at 15 days of enbryonic devel opnent as well as at
hatch and 5 days after hatch, while relative |lung weights were
heavier at 5, 10, 15, and 25 days after hatch in line LAS than
HAS. When ratios of absolute lung to absolute heart weight were
conpared (Figure 4), the ratio in line LAS was hi gher than that
for line HAS at all ages except day 20.

Absorption of residual yolk was greater by HAS than LAS
chi cks. Although residual yol k had disappeared (i.e., was |ess
than .07g ) fromall 10 HAS chicks sacrificed 5 days after hatch
8 of 10 LAS chicks still had residual yolk (mean wei ght of
.206£. 032g). Overall, residual yolk had di sappeared in 48 of 50
HAS chi cks and 29 of 50 LAS chicks. There was no difference
bet ween nmal es and fenmal es for absorption of residual yolKk.
G owth of males and fenal es

There was sexual dinorphismfor body weight wth males
nunerically heavier than femal es by 10 days after hatch and
significantly heavier by 20 days (Table 1). Sexual dinorphi sm was
al so evident for absolute lung and heart weights which followed a
pattern consistent wth that for body weight. There were no
di fferences, however, between males and females for |ung and
heart weights relative to body weight and for the ratio of |ung
to heart weight.
Devel opnental stability

Fluctuating asymmetry (FA) nay be used as a neasure of
overall individual ability to overcone devel opnental stressors.
FA, which is one formof bilateral asymmetry, can be confounded
by directional asymetry and anti symmetry which are fundanental |y
different fromFA 1In all cases, except for HAS chicks at hatch
Shapiro-WIlk statistic Wand one sanple t-test of signed L-R
character val ues showed normal distributions with nean zero
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(i1.e., FA) for lung weights. There was directional asymretry for
t he exception because al though the distribution was normal, the
right lung was heavier than the left.

Al t hough FA of lungs was simlar for both lines with neans
of .019+. 002 and .020+.002 for lines HAS and LAS, respectively,
there were significant age effects and an age by sex interaction.

FAs were simlar for both sexes to 20 days of age after which
it was greater for males than females (Table 2). For males, FA
increased with age. The sanme pattern, but less definitive, was
observed in fenal es.

There were no age, line, sex, or interactions anong nmain
vari ables for RFA which had an overall nean of .105z%. 006.
Di vergence in RFA anong sexes followed that for FA with the
di fference of .039 between sexes (Table 2) approaching
significance (P = .055).

DI SCUSSI ON

Di fferences between lines for body weights observed in this
experinment agree with previous reports where LAS chicks were
heavi er than HAS chi cks 28 days after hatch (Siegel et al., 1980;
Martin et al., 1990). Qur results were also consistent with those
of Kreukniet et al. (1994) who observed |ower growth rates in
their high than in their | ow sheep red blood cell antibody
responder lines of chickens. Although there were no differences
between lines for absolute heart weight, relative to body wei ght
hearts were heavier in HAS than LAS chicks. The heart to body
wei ght ratios observed in this experinent were simlar to those
reported over seven decades ago by Latinmer (1924).

The heavi er body wei ghts of LAS than HAS chi cks was
paral | el ed by heavier |ungs suggesting that |ung capacity may be
a key factor in growth. Heart weight and | ung wei ght had
di fferent tine-dependent enphasis. D fferences between |ines for
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heart weight relative to body weight was evident to 5 days after
hatch while for lungs differences between |ines occurred after
hatch. One possible reason is that heart has growth priority
during early enbryonic devel opnent whereas | ung devel opnent
occurs later (Patten, 1951).

It appears that absorption of residual yolk was a correl ated
response to selection for antibody titers to SRBC in that
absorption was greater in HAS than LAS chicks. The rapid
absorption of residual yolk by HAS chicks was consistent with
reports by Nitsan et al. (1991), Murakam et al. (1992) and Nir
et al. (1993) where essentially all residual yol k was absorbed by
4 days after hatch. Geater absorption of yolk in HAS chi cks may
have the advantage of maternal anti body being available to the
young chicks. On the other hand, rel ative higher reliance on yol k
residue as a food source by HAS chicks during the first few days
after hatch may account for | ower body wei ghts due to sl ower
devel opnent of the digestive system and feedi ng behavior (Turro
et al., 1994). CQur results and those of Kreukniet et al. (1994)
on the "trade-offs" of growh and the i mune system provide
further insights on the allocation of resources of an organi sm
(Si egel and Dunni ngton, 1997). Mreover, the dynam cs of
enbryonic and early posthatch growmh patterns of supply organs
observed here and by others (e.g., Lilja, 1983; Katanbaf et al.
1988; Nitsan et al., 1991; Nir et al., 1993) denonstrate a need
for further in depth studies in avian species.

Simlarities between lines for FA and RFA in |ung wei ght may
refl ect conparabl e selection pressure for and agai nst anti body
titers to SRBC. This result was consistent with that reported for
mean rel ative fluctuating asymmetry for shank | ength and
di aneter, weight and length of the first primary w ng feather,
and di stance between the junction of upper and | ower mandi bl es
and auditory canal (face length) in these lines (Yang et al.
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1997). Although detection of differences in variation is |ess
powerful than for neans, males grow faster than fenal es
contributing to their greater FA and RFA. This difference between
sexes is consistent wwth the higher relative fluctuating
asymmetry attributed to genetic stress of chickens from
intensively selected for gromh (Mller et al., 1995 and in
parental lines than their F; crosses (Yang et al., 1997). Thus,

it appears that the degree of fluctuating asymmetry of |ung nmay
be a candidate trait to nmeasure devel opnental stability.
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Table I 1. Mean body, |ung, and heart weights (g) for males and
femal es fromhatch to 25 days after hatch by sex

Age Body wt Lung wt Heart wt

(days) nal e femal e nal e femal e male femal e
0 27 27 0.12 0.12 0. 24 0. 24
5 45 45 0.17 0.17 0. 40 0. 39
10 73 70 0. 28 0. 25 0. 58 0. 56
15 104 97 0. 35 0. 36 0.73 0.71
20 139* 125 0.48* 0.41 1. 00* 0. 84
25 183* 160 Q_60* Q49 120 106!

*P < 0.05

! p=0. 09.

In all cases weights at any one age differed significantly
(P£0.05) fromthose at any other age.
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Table | 2.Fluctuating (FA)®' and relative fluctuating (RFA)?

asymmetry of lung weight (g) fromhatch to 25 days
aft X

(days) Mal e Femal e Mal e Femal e
0 0. 014c 0.017b 0.123 0. 145
5 0. 016bc 0. 016b 0. 100 0. 100
10 0. 022bc 0. 026ab 0. 081 0. 098
15 0. 019bc 0. 035a 0. 056 0. 094
20 0. 030b 0. 026ab 0. 064 0. 063
25 0. 056a* 0. 026ab 0. 094 0. 055°

" FA =| Left-Right].

2 RFA =(|Left-Right|/ [(Left+Right)/2]).

® p = 0.055.

* P < 0.050.

Treatment means in the same columm with the sane |letter are not
significantly (P£0.050) different.
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Figure 1.Body weights (sexes pooled) fromday 15 of incubation to
25 days after hatch by line (A-HAS, ® LAS). +

D fference between |ines Pg. 05.
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Figure 2. Heart and lung weights fromday 15 of incubation to 25

days after hatch by line (A-HAS, @ LAS). There was no difference
between lines for heart weight at any age. At all ages, except
day 20, lung wei ght was heavier for LAS than HAS chi cks.

Lung: Yias = . 1087+ . 0100x + . 0002x2.
Yias = . 1306 + .0128x + . 0002x2.
Heart : Yias = . 2556+ . 0249x + . 0003x2.
Yias = . 2515 + .0254x + . 0005x2.
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15 of incubation to 25 days after hatch by line (A-HAS; @ LAS).

+ Difference between |ines Pg. 05.

32



60 |-
Ra
ti
O —
X ., 40
10
20
0 | /]\\ | | | | |
-10 -5 0 5 10 15 20 25

Age

[ AN

Figure 4. Ratio of lung and heart weights (lung/heart) from day
15 of incubation to 25 days after hatch by |ine(A-
HAS; @®- LAS). + Difference between |ines Pg. 05.
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PAPER 1 |
Asymetries and Heterosis of Bilateral Traits in Parental Lines

of Chi ckens and Their F: Crosses
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| nt roducti on

The devel opnental axes of enbryos are defined in terns antero-
posterior and dorso-ventral (PALMER 1996). Fluctuating asymetry
(FA) is deviation frombilateral symetry (left mnus right) in
nmor phol ogi cal traits in which symretry is the normal state. FA
reflects small random devi ations fromsymmetry in bilatera
traits wth a zero nean and a normal distribution. It occurs when
an individual is unable to undergo identical devel opnent on both
sides of a bilaterally symetrical trait. Two other types of
bilateral asymetry are directional asymmetry (DA) defined as
having normal distribution with left mnus right nean not zero,
and antisymmetry (AS) defined as having a left mnus right nean
zero with a distribution that is not normal (VAN VALEN 1962).

| denti cal devel opnent of bilateral traits can be disrupted
by environnment stressors, genetic stressors, and/or their
interaction. Genetic stressors include | oss of genetic variation
frominbreeding or bottlenecks and founder events (LEARY and
ALLENDORF 1989), hybridi zati on between speci es or popul ati ons
that are normally reproductive isolated (GRAHAM and FELLEY 1985;
LEARY et al. 1985), and incorporation of novel nutants into the
genone (CLARKE and MCKENZI E 1987). It has been proposed that
i ntensive directional selection increases devel opnent al
instability (PARSONS 1992), and that stabilizing selection could
have the opposite effect (MOLLER and POM ANKOWSKI 1993a, b; MOLLER
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et al. 1995). The rationale being that selection directly affects
all el es that control devel opnental honeostasis. Therefore,
directional selection for a trait should inpose sel ection agai nst
genetic nodifiers that reduce the devel opnent of extrene

phenot ypes, whereas stabilizing selection should result in

i ncorporation of nodifiers that reduce extrenme genotypes (FlSHER
1958; JONES 1987; CLARKE and MCKENZI E 1987; PARSONS 1992).

In poultry, selection for specific traits can disrupt
homeost asi s and cause netabolic disorders (LERNER 1954; SIEGEL
and DUNNI NGTON 1997; YANG et al. 1997), while heterosis is common
for fitness traits (FAIRFULL 1990). Commercial poultry breeding
is based mainly on within line selection and |line crossing. The
pur pose of the experinment reported here was to neasure asymmetry
of bilateral traits and heterosis in selected lines and their F;
crosses. Such information may have potential in nmeasuring
devel opnment stability in |ivestock and poultry breeding.

Mat eri al s and Met hods
Foundation stocks for this experinent were Wiite Leghorn |ines
sel ected 23 generations for high or |ow anti body response to a
single intravenous injection of 0.1 nL of a 0.25% suspensi on of
sheep red blood cells (SIEGEL and GROSS 1980; MARTIN et al.
1990). Matings were nmade between and within |ines, using age
contenporary parents, to produce parental line and reciprocal F;

cross chicks in a single hatch. Hereafter, progeny type will be
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denoted showing the sire line first and the damline second
(e.g., HLis a highline sire mated to a low line dan). At hatch
chi cks were wi ngbanded, vacci nated agai nst Mareks di sease and

pl aced in floor pens with woodshavings as litter. A nash diet
contai ning 20% crude protein and 2685 kcal ME/ kg was provided ad
libitum Lighting and water were avail abl e conti nuously.

At 38 days of age, 30 males from each stock were randomy
sel ected for neasurenents of 2 bilateral traits. The traits were
left and right nmetatarsus (shank) length (0.1mm and left and
right first primary wing feather length (0.1cm and wei ght
(0.01g). To obtain the weight of a primary wi ng feather required
that it be renmoved fromthe chicken. Measurenents of the length
of left and right shanks were agai n obtained on these nmales at 49
days of age by the sanme hol der and neasurer. Because the chickens
had entered feather nolt, no data were obtained for any feathers
at 49 days. Wien 56 days of age, random sanples of 10 nmal es and
10 femal es from each progeny type were weighed (1g) and killed by
cervical dislocation. Data were obtained for |engths (0.1cnm of
the left and right ceca and weights (0.01g) of the left and right
shanks (with toes), left and right lungs, and hearts.

Organ data, on an absolute weight or |length basis and wei ght
relative to body weight were anal yzed by analysis of variance.

For data obtained at 38 and 49 days of age the statistical nodel

was Yi; = u +S + ejj where, 1=1,2,3,4 stocks (HH, HL, LH and LL)
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and j=1,2, ..., n progeny. For 56-day data, sex (nale and fenale)
and the interaction of stock by sex were included in the nodel.
Wei ghts were transformed to common | ogarithnms, and ratios and
percentages to arc sine square roots prior to anal yses. Heterosis
was cal cul ated as the deviation of each reciprocal F, fromthe
parental |ine nmean and expressed as a percentage.

Each signed (+ or -) bilateral asymetry (left mnus right)
was tested for normality with mean zero by the Shapiro-WI k
statistic and one sanple t-test (SAS 1985). Contrasts of
reci procal F; crosses with parental lines (HH + LL - HL - LH)
were conducted for relative asymretry (|L-R/[(L+R)/2]) x 100.
Product - mronment correl ati ons between various traits were
cal cul ated wthin stock and sex.

Resul ts
Means and % heterosis

Shanks of the F; males were | onger than those of males from
either parental |ine at both 38 and 49 days of age with heterosis
being 6 and 4% for the HL and LH crosses, respectively (Table 1).
Bet ween the parental |ines, although LL mal es had | onger shanks
than HH nal es at 38 days of age, there was no difference between
lines at 49 days of age. Length of the first primary wi ng feather
was | onger for the HL than the LH nmal es and parental -1ine mal es
which were simlar. Heterosis was 4 and 5% for length of the left

and right first primary feather respectively for the HL cross,
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and essentially zero for the LH cross. Feather weights were
simlar for all stocks with heterosis ranging from-3 to 9%

Stock by sex interactions were not significant for any of
the traits neasured at 56 days of age. Sexual dinmorphismwth
| arger values for males than femal es was present for all traits
except lung weight relative to body weight (Table 2). LL chicks
were heavier than HH chicks with both F. crosses heavier than
either parental line. Heterosis for body weight was 11% for the
HL cross and 9% for the LH cross. Both left and right shanks were
heavier for line LL than HH chicks with the F; crosses having
heavi er shanks than chicks fromtheir HH but not LL parental
line. Expressed relative to body weight, shank wei ght was heavi er
for the LH cross than for the other 3 stocks that did not differ
fromeach other. The difference in expression of shank wei ght
i nfluenced in the degree of heterosis which ranged from9 to 16%
for absolute weight and O to 5%relative to body weight.

At 56 days of age, |lung weights (both absolute and rel ative
to body weight) were lower for HH chicks than for HL, LH, and LL
chicks which did not differ (Table 2). Heterosis for |ung weight
ranged from 22 to 28% on an absolute and 10 to 17%on a rel ative
to body wei ght basis. The rel ati onship anong stocks in heart
wei ght differed depending on how heart weight was expressed. On
an absolute basis there were no differences in heart wei ght anong

stocks HL, LH, and LL, although all were heavier than for stock
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HH. In contrast, heart weight relative to body wei ght was heavi er
for LL chicks than for the other 3 stocks that were simlar.
Heterosis was 7% for absolute heart weight and -3%for heart

wei ght relative to body weight. The ratio of absolute heart to
absol ute |Iung weight (heart/lung) varied according to stock being
.93, .70, .72, and .76 for stocks HH, HL, LH, and LL
respectively.

At 56 days of age, ceca were longer for LL than HH chicken
with the crosses internediate to the parental lines. Heterosis
ranged from1l1l to 9% for this trait.

Types of asymretry
Means of |eft mnus right bilateral differences and types of
asymmetry are sunmarized in Table 3. In all cases the |left shank
was | onger than the right shank, however, the type of asymetry
for shank length differed according to age and stock. Line LL
mal es exhibited DA at 38 and FA at 49 days of age while the
pattern was reversed for line HH males (FA at 38 and DA at 49
days). DA was evident for the HL cross at both ages and for the
LH cross at 49 days. In contrast to shank | ength, bilateral
di fferences for shank wei ght at 56 days of age was positive in 4
cases and negative in 4 cases which was consistent with their
being FAin 6 of 8 conparisons.

Length and weight of the first primary wing feather were AS

in all cases except for weight in the LH cross which was FA
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(Table 3). Females of all stocks exhibited FA for |ung weight.
Wiile there was FA for HH and LH males, HL and LL nales were AS.
Al t hough the right cecumwas consistently |longer than the |eft
cecum males and fenal es of both F, crosses exhibited FA for this
trait. In both parental lines males were DA, while HH femal es
were AS and LL females FA Across traits, sexes, and ages of 40
bil ateral conparisons, 20 were FA, 12 were AS, and 8 were DA

For the 40 within stock and sex correl ati ons anong si gned
left mnus right (L-R) differences of the 7 bilateral traits, 5
were significant. None, however, was consistent across the 4
stocks. O the correlations for 40 non-signed (|L-R)
associ ations, 11 were significant with no consistent pattern.
Data for these correl ations are not shown.

Rel ative asymetry

There were differences anong stocks in relative asymetry (RA)
for shank I ength at 38 days of age and ceca |l ength at 56 days of
age (Table 4). RA for shank length in LH mal es was | ess than that
of its parental lines and its reciprocal cross, all of which had
simlar RAs. This difference between reciprocal crosses was
evident in the heterosis of RA which was -9% for HL and -45%  for
LH. For ceca length, the RA for LL nales was | ower than for the
ot her 3 stocks. For females, the RAs for both crosses were
simlar to each other and their HH parental line, but |arger than

their LL parental line. Heterosis for RA for ceca | ength ranged
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from-34 to -55% Although differences in RAs anong stocks were
not significant for the other traits, there was evidence of
consi derabl e heterosis with lower RAs in all cases except for
shank wei ght at 56 days of age.

The sumof the RAs of all traits, as an index, showed that
the RA of 54.5 for the HL cross was |ower than those of the
parental lines (Table 4). The RA of 61.4 for the LH cross while
| oner than the RAs of the parental lines did not differ fromthem
or fromthe HL cross. Heterosis of -26 and -17%for crosses HL
and LH denonstrated considerable hybrid vigor for RA as an index
of devel opnental stability.

Di scussi on
Heavi er body weights for LL than HH chicks agreed with previous
reports for these selected lines (SIEGEL and GROSS 1980; MARTI N
et al. 1990) as well as for lines selected for high and | ow
anti body response to SRBC in The Net herl ands (PARMENTI ER et al.
1996). Body wei ghts of crosses were heavier than those of both
parental |ines, show ng overdom nance. Positive relationships of
shank | ength and weight wth body wei ght were consistent with
results reported for chickens selected mainly for growh rate
(LERNER et al. 1947) and for turkeys selected for increased shank
width (YE et al. 1997). Overdom nance for shank length in turkeys
(YE et al. 1997) was al so observed in our data. The higher ratio

of heart to lung weight in line HH than Iine LL was consi stent
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W th previous observations for these |ines (YANG and SI EGEL
1997).

There was a strong tendency for antisymetry at both 38 and
49 days for weight and length of the first primary w ng feather
in the parental lines and the crosses. This pattern of nean zero
with a distribution that was not normal was previously noted in
lines HH and LL at 150 days of age (YANG et al. 1997). The
consi stency of fluctuating asymretry for |lung wei ghts observed
here was in agreenent with that reported for the HH and LL |ines
fromlate enbryonic to 25 days after hatch (YANG and S| EGEL
1997). Thus, it appears that types of asymmetry of bil ateral
traits are consistent for stocks across experinents.

Heterosis was positive and of a nodest nagnitude for nost
traits denonstrating inproved fitness. Heterosis for relative
asymmetry of the bilateral traits was consi derable and negative
denonstrating enhanced fitness and devel opmental stability of
line crosses. These findings suggest potential for use of
fluctuating asymetry as a nethod of neasuring genetic stressors
in poultry and |ivestock.

Summary
Asymmetries and heterosis of bilateral traits were neasured in
two lines of Wihite Leghorns selected for high (HH) or |[ow (LL)
anti body response 5 days after an injection with 0.1nL of 0.25%

suspensi on of sheep red blood cell (SRBC) and their reciprocal
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crosses. The bilateral traits were 39-day shank |l ength and | ength
and weight of the first primary wi ng feather. Shank | ength was
agai n neasured on day 49 while body, heart, shank, and heart

wei ghts and ceca | engths were obtai ned on day 56. Heterosis was
positive for organ sizes and negative for degree of bilateral
asymmetry. Suns of bilateral asymetries were | ower for crosses
than their parental lines which, like heterosis, reflected their

greater biological developnental stability and fitness.
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Table 11 1. Means * SEM and % heterosis of bilateral traits at
38 and 49 days of age for males by stock

St ock® Pool ed Heterosis?
Trait HH HL LH LL SEM HL LH
Shank length (nm at 38 and 49 days of age
38 days
Left 62.4 c 67.3 a 66.1 a 64.6 b 0.3 6 4
Ri ght 62.1c 66.9 a 66.0 a 64.3 b 0.3 6 4
49 days
Left 75.2 b 79.8 a 78.1 a 75.1b 0.4 6 4
Ri ght 74.9 b 79.4 a 77.7 a 74.9 b 0.4 6 4
First primary wing feather length (cn) and weight (g) at 38 days
of age
Lengt h
Left 11.9b 12. 4 a 11.9b 11.9b 0.1 4 0
Ri ght 11.7 b 12.3 a 11.9b 11.8 b 0.1 5 1
Wi ght (x107%)
Left 57 a 65 a 58 a 62 a 2 9 -3
Ri ght 54 a 62 a 62 a 62 a 2 7 7
a-c Means 1n a row for stocks wmth no common letter differ at

P£. 05.

! The first letter designates the sire line and the second
letter the damline for each stock. Hand L lines were
sel ected 23 generations for high and | ow response to SRBC,
respectively.

2 ((HL or LH - (HH + LL)/2)) / ((HH + LL)/2)) x 100.
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Table Il 2. Means + SEM and % heterosis of traits at 56 days of
age by sex and stock
Sex?® St ock? Pooled Heterosis®
Trait nmale femal e HH HL LH LL SEM HL LH
Absol ute wei ght (9)
Body 618 520 544 c 624 a 616 a 583 b 6 11 9

Shank
Left 13.2 10.1 10.3 c¢c 11.9ab 12.6 a 11.5ab 0.3 9 16
Right 13.3 10.2 10.3 c¢c 12.0ab 12.7 a 11.6 b 0.2 10 16
Lung
Left 2.2 1.7 1.4 b 2.1 a 2.1 a 2.0 a 0.1 24 24
Right 2.3 1.8 1.4 b 2.3 a 2.2 a 2.2 a 0.1 28 22
Hear t 3.4 2.7 2.6 b 3.1 a 3.1 a 3.2 a 0.1 7 7

Wi ght relative to body wei ght (organ wei ght/body wei ght) x 100
Shank 4.2 3.9 4.0b 4.0b 4.2a 4.0b <0.1 0 5

Lung 0.69 0.67 0.55b 0.74a 0.69a 0.7l1la 0.01 17 10
Hear t 0.54 0.51 0.52b 0.52b 0.52b 0.55a 0.01 -3 -3

Ceca length (cm
Left 13.7 13.1 11.2 c 13.4 b 14.0ab 14.4 a 0.2 5 9
Ri ght 14.2 13.4 11.7 c 13.6 b 14.3 b 15.3 a 0.2 1 6
a-cMeans In a row for stocks wmth no common letter differ at

P£. 05.

Di fferences between sexes were significant (Pg£ 05) for al

traits except lung weight relative to body wei ght.

2 The first letter designates the sire line and the second
letter the damline for each stock. Hand L Iines were
sel ected 23 generations for high and | ow response to SRBC,
respectively.

((HL or LH - (HH + LL)/2)) / ((HH + LL)/2)) x 100.

1
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Table Il 3. Means + SEMof bilateral differences' and types of

asymetry? by sex and stock

St ock®

Trait Sex HH HL

LH

LL

Shank length (nm at 38 and 49 days of age
38 days M 29.7x16.1FA 37.0x13.1 DA
49 days F 37.9+17.7 DA 45.7+11. 0 DA

Shank weight (g) at 56 days of age
M 53+ 5.7FA -2.8%
F 2.3 4. 4FA -8.0%

7
4
First primary wing feather length (cm and
Length M 12.7x£10.7 AS 7.0+ 8.
Wi ght F 0.3+ 0.5AS 0.3 0
Lung weight (g) and ceca length (cm at 56
Lung M 5.3+ 9.0FA 13.0£13.5 AS
F 0.9+ 7.9FA -26.9+x14.7 FA
Ceca -51.2+10.6 DA -26.0+£20.7 FA
-35.6+ 9.3AS -14.5%x16.7 FA

LLE

15.5+10. 1 AS
37.3%+15. 4 DA

29.3+12. 8 DA
19.3+21. 7 FA

-18.5+15.5AS -14.6x 5.9DA
4.2+ 7.6 FA 1.8 8.5FA
wei ght (g) at 38 days of - age
-3.1+ 8.9AS 4.3+ 1.1AS
1.1+ 0.2FA 0.0+ 0.2AS

days of age
-15.8+16. 1 FA
-0.9x11.9FA

-22.7+13. 9 FA
-32.2+18. 1 FA

-30.9+17. 1 AS
-12.9+13.6 FA

-13.5+13. 6 DA
-56. 7+26. 5 FA

; (Ceft-Right) x 100.

FA - fluctuating asymetry; DA - directional

antisymetry.

asymmetry;

AS -

® The first letter designates the sire line and the second letter the
damline for each stock. Hand L lines were selected 23 generations
for high and | ow response to SRBC, respectively.
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Table Il 4. Means + SEM and % heterosis for relative asymetry® of
bilateral traits by sex and stock
St ock? Het er osi s°
Trait Sex HH HL LH LL HL LH

Shank length at 38 and 49 days of age

38 days M 1.2+0. 2a 1.0+0.1a 0.6%0.1b 1.0+0. 1a -9 -45
49 days F 1.1+0. 2a 0.7x0. l1la 0.9+0. 1a 1.1+£0.2a -36 -18
Shank wei ght at 56 days of age

M 1.2+0. la 1.5+0. 3a 1.7+1.1a 1.5%0.4a 11 26

F 1.5£0. 2a 1.3+0. 3a 1.7£0.3a 2.1+0.5a -28 -6
First primary wing feather length and weight at 38 days of age
Lengt h M 3.2%+0.7a 1. 7+0. 6a 2.1+0.7a 3.0x0.8a -45 -32
Wi ght F 23.5+4.8a 12.6+2.8a 18.6+2.9a 15.8+2.3a -36 -5

Lung wei ght and ceca |l ength at 56 days of age

Lung M 13.7+2.6a 10.1+3.8a 13.5+3.5a 15.6+5.6a -31 -8
F 18.4+2.6a 18.1+x5.1a 16.0+x4.0a 20.4%+4.1a -7 -18
Ceca M 4.4+0.9b 4.2+0.8b 3.0+0.5b 9.0+0.9a -37 -55
F 3.8+0.4ab 3.2%+0.8b 3.3+£1.0b 6.2+1.0a -36 -34
Sum of relative asymetry of traits
72.0 a 54. 4b 61. 4ab 75.7a -26 -17
a-b Means In a row for stocks wmth no comopn letter differ at

P£. 05.
'M-RO [(L+R)/2] x 100.
2The first letter designates the sire line and the second letter
the damline for each stock. Hand L lines were sel ected 23
generations for high and | ow response to SRBC, respectively.
S((HL or LH - (HH + LL)/2)) / ((HH + LL)/2)) x 100.
M Mal e F- Fenal e
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Devel opnental Stability in Stocks of Wite Leghorn Chickens

51



ABSTRACT The degree of asymmetry in bilateral norphol ogi cal
characters may reflect genetic and environnmental stressors. Shank
| ength and di aneter, weight and length of the first primary w ng
feather, and di stance between the junction of upper and | ower
mandi bl es and auditory canal (face length) were used to classify
bilateral types and neasure relative asymetry (RA) in siXx
genetic stocks. The stocks were the Sp3 generation of Wite
Leghorn lines selected for high or | ow anti body response to SRBC,
subl i nes where sel ection had been rel axed for eight generations,
and reciprocal crosses of the selected lines. D fferences were
found anong all stocks for the traits neasured. Rankings anong
traits for RAin descending order were face | ength, shank

di aneter, feather weight, and shank and feather |engths. The RA
of shank and feather lengths did not differ fromeach other. An
overall RA conposed of nean RA of the five traits showed that the
two selected lines exhibited greater RAs than the crosses between
them The RAs of the two |ines where selection had been rel axed
was simlar to that of selected Iines. This research suggests
that an overall RA created as a conbination of RAs of several
bilateral traits can be a valid neasure of genetic stress in

chi ckens and provides a nethod of conparing devel opnent al
stability anong popul ati ons.

(Key words: chickens, bilateral asymetry, genetic stress,

homeost asi s)
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| NTRODUCTI ON

Both sides of a bilateral symetrical trait of an animal are
considered to be under genetic control (Leary and Allendorf,
1989; Parsons, 1990). Although sides may be expected to be
i dentical because they are products of the same genone, this is
not al ways the case as seen in the functional ovary and heart
atriuns and ventricles of chickens. The devel opnental axes of the
enbryo are defined in terns antero-posterior and dorso-ventral
(Pal mer, 1996), not left-right. Bilateral asymretry, the
devi ation of part of an organism from perfect symmetry, can be
categorized as antisymetry, directional asymetry, or
fluctuating asymretry (van Val en, 1962). Each of these categories
is characterized by a different conbination of the nean and the
distribution of left mnus right. Pal mer (1996) provided exanpl es
of frequency distributions for these three types of asymetry.

Four genes have been reported to direct devel opnent of
asymmetry of the internal organs during gastrulation and neurul a
stages in chick enbryos (Yost, 1995). Therefore, asymetry of
bilateral traits may indicate perturbed devel opnent due to intra-
(genetic) and extra- (environnmental) stressors. Studied in a
variety of organisns, asymmetries of bilateral traits appear to
have prom se as a tool in the study of evolution, conservation
bi ol ogy, and ani mal breeding (van Val en, 1962; Pal ner and

St robeck, 1986; Jones, 1987; Parsons, 1990. Mdller et al, 1995;
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Pal ner, 1996).

Consi der abl e research has been conducted on environnental
stressors in poultry (e.g., Freeman, 1985; Siegel, 1995; Zulkifli
and Siegel, 1995). In contrast, information on genetic stressors
such as major nutations, selection, inbreeding, and chronosonal
i nbal ance remains quite limted. For poultry breeding, selection
for specific traits can disrupt honeostasis (Lerner, 1954), and
heterosis is common for fitness traits (Fairfull, 1990). O
growi ng concern in comrercial poultry is an increased incidence
of leg disorders (Cahaner and Siegel, 1986), ascites (Julian,
1993), sudden death syndronme (A kowski and C assen, 1995) in neat
stocks, and osteonal acia and fatty liver syndrone (Schwart z,
1994) in layers. Although these conditions are associated with
bil ateral characteristics, the relationship of current health
concerns in poultry and bilateral asymretry are unclear in
poultry breeding progranms. Reported in this paper are conparisons
of bilateral asymetry in chickens fromselected |ines, sublines
in which selection was rel axed, and F; crosses of the sel ected
[ines.

MATERI ALS And METHODS
CGenetic Stocks And Husbandry

The chickens used in this experinent were White Leghorn

females frommatings of lines selected for high (HAS) or | ow

(LAS) antibody response to a single intravenous injection of 0.1
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mL of a 0.25% suspension of SRBC (Siegel and Gross, 1980; Martin
et al., 1990). The respective stocks were the S;; generation of
Li nes HAS and LAS, sublines of HAS and LAS where sel ection had
been rel axed (HAR and LAR, respectively) for 8 generations, and
reci procal F; crosses of the selected lines. Al individuals were
produced from age contenporary parents. At hatch they were
vacci nat ed agai nst Mareks di sease and reared as contenporaries in
floor pens to 18 wks of age. They were then transferred to
i ndi vi dual cages in an environnmentally controlled room
Traits Measured
At 28, 168, and 240 d of age, BW were obtained. Antibody
titers to SRBC were neasured during the 6th wk after hatch. On
Day 150, data were obtained for the follow ng bil ateral
characters: length (0.1mm of the netatarsus (shank), dianeter
(0.1mm of the shank perpendicular to the spur, and distance
(0.1mm between the auditory canal and the posterior junction of
upper and | ower mandi bl e (face | ength). The neasurer and hol der
of the chickens were the sane for all neasurenents. Also at this
age, the left and right first primary wing feathers were renoved
and their length (mmM and weight (0.01g) obtained. Al first
primary wing feathers were nmature. Data were obtained for 29 HAR
30 LAR, 51 LAS, 59 HAS x LAS, 60 HAS, and 60 LAS x HAS fenal es.
There were three categories for left mnus right (L-R

bilateral differences. Definitions were nean zero and nor nal
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distribution for fluctuating asymetry (FA), nmean not zero and
normal distribution for directional asymmetry (DA), and nean zero
wth a distribution that was not normal for antisymetry (AS).

Rel ative asymmetry (RA) was defined as the ratio of the absolute
val ue of asymmetry (L-R) divided by the value for the size of the
bilateral trait; RA = (|L-R/ [ (L+R) / 2] ) x 100.

Statistical Analyses

Anal yses of variance (SAS, 1985) were conducted for al

measurenents using the conpletely random zed nodel: Yi; = u + g +
eij , wherei =1, 2, . . . 6 stocks (HAS, LAS, HAR LAR HAR X
LAR, and LAR x HAR) or when i =1, 2 . . . 5 RAs (shank |ength,

shank di aneter, face length, feather weight, and feather |ength)
and j =1, 2. . . nindividuals. Wen significant at Pg0. 05,
mul ti pl e means were separated by Duncan's nmultiple range test.
Prior to analysis RAs were transforned to arc sine square
roots. Each signed (+ or -) bilateral asymetry (L-R) was tested
for normality by Kol nogorov-Sm rnov (sanple size > 59) or the
Shapiro-WIlk statistic W(sanple size < 60). One-sanple t-tests
were used to test if means were zero (SAS, 1985). The nean RA of
each trait across stocks was cal cul ated on an i ndividual basis.
Also, within each stock the RAs of different characters were
cal cul ated on an individual basis for an overall neasure of RA.
Product - nonent correl ations between bilateral traits ((L+R)/2)
and RA with BWand SRBC anti body titers were calculated within
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stocks. Correlations were al so cal cul ated between shank | ength

and di anmeter and between feather weight and | ength.

RESULTS

Sizes of Bilateral Traits

Stocks differed for both | ength and dianeter as well as the
length x dianmeter of the left and right shanks (Table 1). There
was a general consistency for both shanks in that they were
| ongest for the F, crosses, shortest for Line LAS, and
internediate for Lines HAS, HAR, and LAR The single exception
was for left shank of HAS females which differed only fromthat
of LAS femal es. For dianeter of the shanks a different general
pattern was noted anong stocks with dianmeters being greater for
Li nes HAS and HAR, snaller for Lines LAR and LAS, wth the
crosses being internediate but not different fromlines HAR
(left), LAR and LAS. Wen shank was expressed as the length x
di aneter, there was consi derabl e overl appi ng of val ues across
stocks. Face lengths were different anong stocks with the order
bei ng LAS x HAS and HAR (left) > HAS x LAS > HAS, LAR, and LAS.
Li nes HAS and HAR had heavier first primary feathers than the
other 4 stocks which did not differ fromeach other. The ranking
of stocks for feather length was HAR > HAS > F;, crosses > (LAS,
LAR) with the exception that LAR (left) did not differ fromthe

F. crosses.
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Bil ateral Asymmetry

Except for cross LAS x HAS whi ch exhi bited FA, stocks
exhibited directional asymetry for shank length with the left
shank being consistently |longer than the right one (Table 2). For
shank di ameter where |left was generally less than right, there
was antisymetry in Line HAS and both crosses, directional
asymmetry for Lines HAR and LAS, and FA for Line LAR For |ength
x dianeter of shank, the direction again was left generally |ess
than right with FA for the crosses and Line LAR, directional
asymmetry for Lines HAR and LAS, and antisymretry for Line HAS.
For face length, there was FA for Stocks HAS, HAR LAR and HAS x
LAS while LAS and LAS x HAS exhi bited anti symmetry. Feat her
wei ght and feather length exhibited antisymetry in all stocks.
Nei ther | ogarithm c, square root, reciprocal, nor arc sine square
root transformations resulted in normality for data that were
anti symetry.
Rel ative Asymetry

The average RAs for the 5 bilateral traits (Table 3) was
hi ghest for face length and | east for shank and feather |engths
(which did not differ). The average RA of 3.66 for shank
di aneter and 2.82 for feather weight differed fromeach other and
the other traits.

Overall RAs for the 5 bilateral traits are presented in

Figure 1 by stock. There were no differences anong the sel ected
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and relaxed lines. The RA of those 4 lines, however, were | arger
t han those of the F; crosses which did not differ from each
other. Although heterosis for each of the traits neasured in this
experinment was | ow (the highest was 10% for face |ength), the
reduction in RA of the F; crosses conpared to their parental
i nes was consi derable. Percentage reductions in RA were 38 for
shank | ength, 64 for shank dianeter, 31 for face length, 22 for
feather weight, and 32 for feather length. For the overall RA,
the reduction of the F, crosses conpared to the parental |ines
was 39%
Correl ations

Neither bilateral traits nor their RAs were correlated with
BWat 28, 168, and 240 days of age or SRBC at 6 wk of age in any
of the 6 stocks. Shank | ength and dianeter were significantly
correlated and ranged fromO0.36 to 0.53 across stocks. The
correlations of feather weights with |lengths were significant and

ranged fromO0.74 to 0.96 across stocks.

DI SCUSSI ON
The selected lines used in this experinent had undergone
long-termsingle trait selection for high or |ow anti body
response to SRBC antigen. Correl ated responses to this selection
wer e heavi er body weights for LAS than HAS chickens (Martin et

al ., 1990). Thus, it was not surprising that not only were there
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di fferences anong the selected lines, relaxed lines, and crosses
for gromh allonorphic traits, but that there was evidence of
het er osi s.

Antisymmetry occurs when asynmmetry is normally present, but
vari able as to which side has greater developnment. It is
di stingui shed by a platykurtic or binodal distribution of L-R
di fferences about a nmean of zero. Directional asymmetry refers to
greater devel opnment of a character on one side of the plane or
pl anes of symretry than the other side. Fluctuating asymetry
reflects small random devi ations fromsymmetry in bilatera
traits wwth a normal distribution of L-R differences whose nean
is zero. Any two or all three types of asymmetry may occur
together for the sane trait with fluctuating asymretry thought to
be ubi quitous (van Val en, 1962; Pal ner and Strobeck, 1992).

Results obtained in this experinent were consistent with
those for data from several species show ng that not al
bil ateral asymmetries are FA, i.e.,normal distribution wth nean
zero (Sumrer and Huestis, 1921; Thoday, 1958; Lacy and Hor ner,
1996; Palner, 1996). Also, our results showed that even for the
sane trait there were different distributions anong genetic
st ocks.

It has been proposed that RA of norphological traits could
provide a reliable indicator of genetic stress (Pal nmer and

Strobeck, 1986; Leary and Allendof, 1989). Qur results are
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consistent wwth this thesis. The degree of RA varied anong
bilateral traits being greatest for face length, internediate for
shank di ameter and weight of the first primary wi ng feather, and
| east for shank length and feather length. This variation in RA
anong traits suggests the value of an overall RA as a neasure of
devel opnental stability. Overall RAs of the 5 bilateral traits
showed that the F; crosses had better devel opnental stability
than their parental lines and the Iines where sel ection was

rel axed. That is, there was | ess devel opnental error which may
reflect superior buffering against genetic and environnental
stressors. Cenetic changes made by individual phenotypic
selection for a specific trait are primarily due to additive gene
effects. That the relaxed lines exhibited RAs simlar to those of
the selected lines is consistent with their not regressing to the
original level. In conclusion, it appears the RAs of 5 bilateral
traits reported here could be valid candi dates for measuring

devel opnmental stability in genetic stocks.
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TABLE Il 1. Mean + SEMof traits at 150 days of age by genetic stock

St ock?
Trait HAS HAR LAR LAS HAS x LAS LAS x HAS
n? 60 29 30 51 59 60
Shank (nm
length: left 99.47 + 0.38 ab 98.04 + 0.58 b 98.36 + 0.48 b 96. 25 +0. 43 c 100.45 + 0.34 a 100.26 + 0.34 a
right 98.62 + 0.37 b 97.61 + 0.57 b 98.86 + 0.48 b 95.53 +0. 44 c 100.13 + 0.34 a 100.23 + 0.34 a
diameter:left 10.25 + 0.09 a 10. 10+0. 09 ab 9.66 + 0.14 ¢ 9. 72 +0. 07 c 9.78 + 0.07 bc 9.90 + 0.06 bc
right 10.44 + 0.11 a 10.46 =+ 0.11 a 9.70 + 0.14 ¢ 10. 03 +0. 09 b 9.82 + 0.06 bc 9.84 + 0.06 bc
 ength left 1021412 a 991 +13 ab 961 + 16 bc 936 +10 c 983 + 9 b 993 + 8 ab
xdi aneter:right 1030+12 a 1021 +14 a 956 + 17 b 956 +11 b 983 + 8 b 987 + 8 b
Di stance (nm between junction of upper and | ower mandi bl es and auditory canal (face |ength)
left 21.54 + 0.26 c 23.57 + 0.19 a 20.87 + 0.30 c 21.15 +0. 23 c 22.81 + 0.20 b 23.74 + 0.17 a
right 21.87 + 0.23 c 23.65 + 0.20 ab 20.26 + 0.25 d 20. 66 £0. 22 d 23.11 + 0.15 b 24.06 =+ 0.14 a
First primary wing feather weight (g) and length (cm
wei ght: left 0.326 + 0.006a 0. 325+ 0.006a 0.269+ 0.003b 0.266+ 0.004b 0.278+ 0.005b 0.278+ 0.005b
right 0.323+ 0.006a 0. 325+ 0.007a 0.267+ 0.003b 0.267+ 0.005b 0.275+ 0.005b 0.276+ 0.005b
length: left 19.37 + 0.11 b 19.77 £+ 0.09 a 18.08 + 0.08 c 17.85 0. 10 d 18.37 =+ 0.09 c 18.36 =+ 0.10 c
right 19.30 + 0.11 b 19.70 + 0.12 a 18.08 + 0.08 d 17.87 +0. 09 d 18.41 + 0.09 c 18.40 + 0.10 c

a-d neans in arowwth no coomon letter differ significantly (P £ 0.05).

'HAS - selected 23 generations for high antibody response to sheep red blood cells (SRBC);

LAS - selected 23 generations for |ow anti body response to SRBC,

HAR and LAR - sublines of HAS and LAS, respectively, where selection was relaxed for 8 generations;
HAS x LAS and LAS x HAS - F; generation with sire line given first and damline second.

“nunber of i ndividuals.
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TABLE I'll 2. Mean + SEM of bilateral differences (left-right) between traits and types of asyrrmetryl at 150 days of age by genetic stock
St ock?
Trait HAS HAR LAR LAS HAS x LAS LAS x HAS

Shank (nm

| engt h: 0.85 + 0.14 DA 0.43 + 0.16 DA 1.00 £ 0.20 DA 0.72 + 0.20 DA 0.32 + 0.13 DA 0.04 £+ 0.10 FA

di ameter: -0.19 + 0.07 AS -0.36 + 0.10 DA -0.04 + 0.06 FA -0.30 + 0.07 DA -0.03 + 0.05 AS 0.06 £+ 0.05 AS

| ength x

di anmeter: -9.8+ 6.6 AS -30.0 £ 9.7 DA -5.3 + 7.2 FA -23.5 £+ 7.4 DA -0.1 + 5.2 FA 6.20 £ 5.3 FA
Di stance (nm between junction of upper and | ower mandi bl es and auditory canal (face |ength)

-0.33 + 0.25 FA -0.08 + 0.25 FA 0.62 + 0.42 FA 0.49 + 0.25 AS -0.29 + 0.19 FA -0.33 + 0.17 AS

First primary wing feather weight (g) and length (cm

wei ght : 0. 003+ 0.003AS 0.001+ 0.004 AS 0.002+ 0.002 AS -0.001+ 0.002 AS 0.004+ 0.002 AS 0. 003+ 0.002 AS

| engt h: 0.75 + 0.55 AS 0.67 + 0.73 AS -0.07 + 0.24 AS 0.38 + 0.54 AS 0.83 + 0.28 AS 0.92 + 0.24 AS

FA-fluctuating asymmetry; DA-directional asynmetry; AS-antisymetry.
HAS - selected 23 generations for high antibody response to sheep red blood cells (SRBC); LAS - selected 23 generations for |ow anti body
response to SRBC, HAR and LAR - sublines of HAS and LAS, respectively, where selection was relaxed for 8 generations;
- FL generation with sire line given first and damline second.
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TABLE Il 3. Mean relative asymnetryl of each bilateral trait at 150 days of age by genetic stock and when averaged

across all stocks

St ock?
Trait HAS HAR LAR LAS HAS x LAS LAS x HAS Aver age
Shank (nm
| engt h: 1.13 0.76 1.16 1.17 0. 80 0.63 0.93 d
di ameter: 3.71 4.93 3.04 4.94 2.79 0. 30 3.66 b
Di stance (nm between junction of upper and | ower mandi bl es and auditory canal (face |ength)
7.31 4.75 9. 06 7.47 5.41 4.81 6.35 a
First primary wing feather weight (g) and length (cm
wei ght : 3.51 4.61 1.80 2.56 2.54 2.22 2.82 c
| engt h: 1.35 1.27 0.55 1.23 0. 65 0.70 0.96 d

a-d neans in the averaged colum with no common letter differ significantly (P £ 0.05).
1 (O0-RO [ (L+R) / 2] ) x 100.
2 HAS - selected 23 generations for high antibody response to sheep red blood cells (SRBO);

LAS - selected 23 generations for |ow anti body response to SRBC,

HAR and LAR - sublines of HAS and LAS, respectively, where selection was relaxed for 8 generations;

HAS x LAS and LAS x HAS - F; generation with sire line given first and damline second
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Sel ected

Rel axed

o

Fq

Stock

FI GURE 1. Mean of relative bilateral asymetries for 5 traits
measured at 150 days of age [l ength and di aneter of shank,
di stance between junction of upper and | ower mandi bl es and
auditory canal (face length), and weight and | ength of
first primary wing feather] by genetic stock. HAS -
sel ected 23 generations for high antibody response to sheep
red blood cells (SRBC); LAS - selected 23 generations for
| ow anti body response to SRBC, HAR and LAR - sublines of
HAS and LAS, respectively, where selection was rel axed for
8 generations; HAS x LAS and LAS x HAS - F; generation with

sire line given first and damline second. (a-b) - colums
wth the sane letter are not different (P £ 0.05).
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PAPER | V
Mode of |nheritance of Unselected Traits in Lines of Chickens
Sel ected for H gh or Low Anti body Response to sheep Red Bl ood
Cells: 2. Heterophils, Lynphocytes, and Hematocrits
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ABSTRACT The nuclear lines for this experinment were Wite
Leghorns that had undergone | ong-term selection for high (HH) or
| ow (LL) antibody response to sheep red blood cell antigen(s).

Si xt een progeny types consisting of parental |ines, reciprocal F;
and F, crosses, and backcrosses were produced in a single hatch
from age contenporary parents. At 30 days of age bl ood was
obt ai ned from a random sanple of 10 mal es per progeny type
(n=160) and slides prepared for subsequent determ nation of
nunber of heterophils and | ynphocytes. Twel ve days | ater, bl ood
was col |l ected fromrandom sanples of 10 mal es and 10 femnal es per
progeny type (n=320) for neasuring hematocrits. There were no

di fferences between parental |lines for heterophils, |ynphocytes,
or the heterophil/lynphocyte ratio. Reciprocal effects were
evident in the Fi, crosses and directional heterosis was present
in one cross but not the other. Neither maternal heterosis nor
reconbi nation effects were significant for either heterophils or
| ymphocytes. Al though hematocrits were simlar for males and
femal es and parental lines, sex-linked and reconbi nation effects
appeared to be inportant.

(Key words: chickens, SRBC, hematocrits, heterophils,

| ynphocytes).
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| NTRCDUCTI ON

An animal's protection fromdisease is based, in part, on
phagocytic, cell-nmediated, and hunoral inmmunity. |In birds the
het erophil s are phagocytic cells whose nmain role is protection
agai nst invadi ng m croorganisns (Powell, 1987), while primary
functions of |ynphocytes involve cell-nediated and hunor al
immunity. Heterophils increase and | ynphocytes decrease when
chickens are stressed resulting in the ratio between them being a
good i ndex of response to a stressor (Gross and Siegel, 1983;
Siegel, 1995). There is a genetic conponent to heterophil and
| ynphocyte responses to stressors (G oss and Siegel, 1985) and
their ratio has been used as a heritable selection criterion for
heat resistance in chickens (Al-Miurrani et al., 1997). GCene
action nodels for heterophils and | ynphocytes in nonstressed
chi ckens, however, have not been investigated.

Rel ati ve hematocrit values (packed cell volune) are
guantitatively inherited with heritabilities of 0.39 and 0.27
frompaternal and maternal half-sib correl ations, respectively
(Washburn, 1967). Although Shlosberg et al. (1996) denonstrated
in chickens that hematocrit val ues could be changed through
sel ection, information on gene action nodels for this trait is
| acki ng. This paper reports on the nodes of inheritance of
het erophils, |ynphocytes, and hematocrits as neasured in nucl ear

lines selected for high and | ow anti body response to SRBC, their
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F., F,, and backcross popul ati ons.
MATERI ALS AND METHODS
This experinment involved two |ines of Wiite Leghorn

chi cken derived fromthe sane base popul ati on but sel ected

di vergently for high (HH) and low (LL) antibody response 5 days
after a single intravenous injection of 0.1nL of 0.25% suspension
of SRBC antigen(s) (Siegel and Gross, 1980; Martin et al., 1990).
The net hods of mating and husbandry for the chicks used in this
experinment were described by Boa- Anponsemet al. (1998). Briefly,
mat i ngs were nade between age-contenporary chickens fromthe S,
generation of these lines to produce the parental |ines and

reci procal F; crosses. These 4 popul ations were then mated to
produce 16 progeny types consisting of parental, reciprocal F;,
F., and backcrosses. At hatch, 100 straight-run chicks of each
progeny type were w ngbanded, vaccinated for Marek's di sease and
pl aced in floor pens with woodshavings as litter. Chicks were
provided ad |ibituma nmash diet containing 20% crude protein and
2685 kcal ME/ kg. Lighting and water were avail abl e continuously.

At 30 days of age, blood was obtained fromthe brachial vein

of 10 mal es from each mating conbi nation and m xed wth ETDA as
the anticoagul ant. Slides were prepared for determ ning the
nunber of heterophils and | ynphocytes as descri bed by G oss and
Siegel (1983). Al slides were coded and a total of 60 cells were

classified as heterophils or |ynphocytes by the sane individual
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(AY). At 42 days of age, blood was collected fromthe brachi al
vein in heparinized mcrohematocrit tubes from 10 femal es and 10
mal es from each mating conbi nation. Duplicate sanples were spun
and t he percentage packed cell volune was taken as the

hemat ocrit.

Hemat ocrits and heterophil/lynphocyte ratios were
transforned to arc sine square roots prior to analysis. Genetic
anal ysis for heterophils, |ynphocytes, and heterophil /Il ynphocyte
rati os were conducted for males only. Cenetic anal yses for
hematocrits were conducted within sexes and with sexes pooled in
order to obtain informati on on sex-linked and nmaternal effects.
The nodel s used for conparing paternal |ines, reciprocal effects,
heterosis, maternal heterosis, and reconbination effects were the
sanme as those described by Boa- Anponsemet al. (1998) with
speci fic conparisons shown in Tables 2 and 4. Cal cul ations for
scaling tests A, B, and C for an additive-dom nance nodel (Mather
and Jinks, 1982) were consistent wth those of Boa- Anponsem et
al. (1998). The fornmul ae were: A=2BCwn— HH —[(HL+LH)/2)], B= 2BC
— LL — [(HL+LH)/2], and C = 4F ,- 2F; —HH —LL where, BC, = (HHHL +
HHLH + HLHH + LHHH)/ 4 and BC,_. =(LLHL + LLLH + HLLL + LHLL)/4.

RESULTS
Het erophil s, Lynphocytes and the Ratio
Mean heterophils, |ynphocytes, and heterophil/lynphocyte

ratios for males at 30 d of age are presented in Table 1 with
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genetic contrasts in Table 2. There were no differences between
parental lines for these traits. Reciprocal effects were
significant and of opposite sign, being negative for heterophils
and positive for |ynphocytes with the negative ratio between them
approachi ng significance (P<0.06). For heterophils and the rati o,
val ues were greater for the LH than the HL cross. In contrast for
| ynphocytes the nean was greater for the HL than for the LH
cross. Directional heterosis was significant for the HL cross but
not the LH cross for heterophils, |ynphocytes and the ratio
between them The heterosis for the HL cross was negative for
het erophils and positive for |ynphocytes. Neither maternal
het erosi s nor reconbination effects were significant. None of
scaling tests was significant wwth A= -0.28 £ 2.62, 0.28 + 2.62,
and -0.02 + 0.10, B=1.91 + 2.69, -1.91 + 2.69, 0.05 = .10, and
C=-3.97 £ 4.76, 3.97 £ 4.76, -0.15 = 0.18 for heterophils,
| ynphocytes, and the heterophil/lynphocyte ratio, respectively.
Hemat ocrits

Mean hematocrits at 42 days of age are presented for progeny
types in Table 3 with genetic contrast in Table 4. There were no
differences in hematocrits between males (35.2 = 0.2% and
females (35.5 £ 0.2% nor between parental |ines. Reciprocal
effects were highly significant for nmal es and when sexes were
pool ed with values higher for the HL than LH cross. Although

heterosis was significant for males but not fenales of the HL
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cross, there was no evidence for heterosis for the LH cross.
Mat er nal heterosis was not significant for either sex or when
sexes were pool ed. Both neasures of reconbination effects were
strongly positive for nmal es and when sexes were pool ed, whereas
for females there were significant reconbination effects in the
conpari son of the F, popul ations with backcrosses but not for the
F wwth the F; generation conparison. Scaling tests were not
significant for A and B. Values were: A = 0.016 £ 0.014, 0.002 %
0.012, -0.007 + 0.009, B =-0.013 + 0.014, -0.020 + 0.012, -0.016
+ 0.009 for females, males, and sexes pool ed, respectively.
Scaling test C was significant wth correspondi ng val ues being -
0.005 £+ 0.025, -0.064 + 0.022, -0.080 + 0.017.
DI SCUSSI ON

This study was designed to exam ne nodes of inheritance of
het erophils, |ynphocytes, and hematocrits under routine husbandry
where there were no known stressors. The parental lines differed
in response to the SRBC antigen and resistance to several
di seases (G oss et al., 1980). The traits nmeasured in this
experinment are nodified by stressors and di sease agents, but
information is | acking on genetic variation for themprior to
i nposition of these environnental insults.

In this experinent, nunbers of heterophils and | ynphocytes
showed no difference between lines. O her reports, however, have

described differences anong lines for |ynphocyte nunber. In
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turkeys, Bayyari et al. (1997) found | ynphocyte nunbers were
lower in a line selected for heavier BWthan in a |line selected
for increased egg production. Biozzi et al. (1971) reported
hi gher | ynphocyte nunbers in spleens of mce selected for high
than for |ow anti body response to SRBC. The |ack of differences
for heterophils, |ynphocytes, and the ratio between them may be
because under our husbandry there was an optimum | evel of stress
where the ratio was about 0.5, in contrast to ratios of <0.2 and
>0.8 which indicate low and high | evels of stress, respectively
(G oss and Siegel, 1993). Heterophils have been reported to
phagocyt ose and di gest Escherichia coli, Bacillus negaterium and
St aphyl ococcus aureus (Goss, 1962). Even though Line LL resisted
t hese pat hogens better than Line HH (G oss et al., 1980), there
was no line difference in nunber of heterophils in this
experinment where the chickens were not infected wth these
organi sms. This may be because alterations in nunbers of
heterophils that may be Iine specific, occur by infection or
stressors (Gross and Siegel, 1983) and suggests that genetic
variation may exi st in the i mmunoconpetence of heterophils. The
nmodes of inheritance of spleen weight, before and after
infection, in these selection lines were also different (Boa-
Amponsem et al ., 1998).

Di vergent selection for antibody response to SRBC di d not

result in a correlated response in hematocrits which may be an
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exanpl e of stabilized selection. Chickens may benefit from
i nternmedi ate hematocrit val ues, as shown by Shl osberg et al.
(1996) who reported that selection for high hematocrits was
associated wth an increased incidence of ascites while nortality
from causes other than ascites was greater when sel ection was for
| oner hematocrits. In this experinent, the |ack of sexual
di nor phi sm for hematocrits was consistent with those of Washburn
and Siegel (1963) where, in BWselection |lines, values for males
were simlar to those for females until sexual maturity. Al so,
Shl osberg et al. (1992) did not observe sexual dinorphismfor
hematocrits at 42 and 49 days of age in a fast-grow ng strain of
broilers.

Al t hough sex-1linked and maternal effects may influence
reci procal effects, maternal but not sex-linked effects, should
af fect both sexes simlarly. For hematocrits, analyses for sexes
showed that sex-linkage was inportant. Also, reconbination
effects appeared to be inportant for hematocrits, as evidenced by
measur es unbi ased by maternal heterosis as well as the
significant scale test C. The effects, however, were probably a

reflection of the sex-linkage for this trait.
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TABLE IV 1. Mean nunber of heterophils, |ynphocytes, and
het erophi | /| ynphocyte ratios at 30 days of age for cockerels from
all mating conbinations of lines HH and LL'

Progeny“ Het er ophi | s” Lynphocyt es” HL ratio’
Parental |1 nes and F
HHHH 20.7 39.3 0. 56
HHLL 14. 4 45. 6 0.33
LLHH 19.9 40.1 0.51
LLLL 17.7 42. 3 0. 45
Backcross to HH parental line
HHHL 19.8 40. 2 0. 53
HHLH 18.6 41. 4 0. 47
HL HH 18.5 41.5 0. 47
L HHH 18. 3 41.7 0. 47
Backcross to LL parental line
LLHL 20.2 39.8 0. 52
LLLH 17.5 42.5 0. 45
HLLL 18. 4 41.6 0. 45
LHLL 17.3 42. 7 0.42
F2
HLHL 20.2 41.6 0. 47
HLLH 17.5 41.1 0. 47
LHHL 18. 4 45. 6 0. 34
LHLH 17.3 43.0 0.41
Pool ed SEM 0.4 0.4 0.2

* HH and LL were selected tor high and | ow anti body response to
SRBC, respectively.

2 The first two letters designate the sire and the second two
| etters the dam popul ation for the mating conbi nati on.

% Genetic contrasts are shown in Table 2.
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TABLE |V 2 Genetic effects (in 9% on heterophils, |ynphocytes,
and heterophil/lynphocyte ratios at 30 days of age for males
according to contrasts involving various mati ng conbi nati ons of
lines HH" and LL'

_Contrast ~~ Heterophils  lynphocytes — H/'I ratios

Parental lines (P)
HH LL 17 7 25
Reci procal effects
HL- LH -28* 14 * -36 T
Het erosi s
HL- (HH+LL) / 2 -25* 12 * 35 *
LH ( HH+LL) / 2 4 -2 1
(HL+LH) - ( HH+LL) -11 5 -17
Mat er nal het er osi s?
HHF - F1HH 4 -2 8
LLFi- FLL 4 2 11
(4BC-2F,-F-P)/20 5 2 6
Reconbi nati on
2(R,- )0 0 0 1
A(E,-BC)0 8 3 -1

! HH and LL were selected for high and | ow antibody response to
SRBC, respectively.

2 HHFi- FiHH = ( HHHL+HHLH) - ( HLHHFLHHH) .
LLF;- FiLL = (LLHL+LLLH) - ( HLLL+LHLL).

T P<0.06; * Pg0.05.
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TABLE IV 3. Mean hematocrits (% at 42 days of age by sex and
W th sexes conbi ned for chicks fromall mating conbi nati ons of
lines HH and LL'

Progeny“ Mal e Femal e Sexes pool ed”
Parental |1 nes and F;
HHHH 35.9 36.2 36.0
HHLL 39.2 34.8 37.0
LLHH 34.3 35.3 34.8
LLLL 36.5 36.8 36. 6
Backcross to HH parental line
HHHL 35.2 36.2 35.7
HHLH 35.7 35.7 35.7
HLHH 36.2 36.0 36.1
LHHH 35.0 35.1 35.0
Backcross to LL parental line
LLHL 35.2 35.0 35.1
LLLH 38.1 34.9 36.5
HLLL 34.0 34.1 34.0
LHLL 36.6 35.8 36.2
F2
HLHL 33.3 34.0 33.6
HLLH 32.9 33.0 33.0
LHHL 34.0 34.4 34.2
LHLH 36.2 35.3 35.8
Pool ed SEM 0.2 0.2 0.2

* HH and LL were selected tor high and [ ow anti body response to
SRBC, respectively.

2 The first two letters designate the sire and the second two
|l etters the dam popul ation for the mating conbi nati on.

% Genetic contrasts are shown in Table 4.
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TABLE IV 4. Cenetic effects (in % for

hematocrits at 42 days of

age by sex and sexes conbi ned according to contrasts involving

vari ous matingconbi nati ons of

I'i nes HH' and LL?

Cont r ast Mal e Femal e Sexes pool ed
Parental Tines (P)

HH LL -2 -2 -2
Reci procal effects

HL- LH 14%* -1 6 **
Het erosi s

HL- (HH+LL) / 2 g** -5 2

LH (HH+LL) / 2 -5 -3 -4

(HL+LH) - ( HH+LL) 2 -4 -1
Mat er nal het er osi s?

HHF - F1HH -1 1 <1

LLFi- FLL 4 0 2

(4BC-2F,-F-P)/20 1 1 1
Reconbi nati on

2F-F)O S 7* -2 -5

4(|_:7_'B_C)O -GHxx* -3 * -4 x*

SRBC, respectively.

2 HHF;- FyHH = ( HHHL+HHLH) - ( HLHH+LHHH) .
LLF:- FaLL = (LLHL+LLLH)- ( HLLL+LHLL).

* Pg0.05; ** Pg0.01.

HH and LL were sel ected for

hi gh and | ow anti body response to
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Paper V

Devel opnental Stability in Different Genetic Stocks of Wite Rock
Chi ckens

85



Abst ract

Asymmetries were determ ned for several bilateral traits in
females froma |line of chickens selected for 39 generations for
| ow 56-day body weight (LWS) and in a subline of LW where
sel ection had been rel axed for four generations (LWR). Because of
reduced food intake under ad libitumfeeding, some LWS fenal es do
not commence egg production, a condition that can be overcone by
rel axi ng selection for a generation or two. Bilateral traits,
measured at 240 days of age in LW5 nonl ayers, LWS |ayers, and LWR
| ayers, were shank | ength and di aneter, distance between the
auditory canal and the posterior junction of the upper and | ower
mandi bl e, and wei ght and length of the first primary w ng
feather. O her traits nmeasured were body weights at 56, 168, and
240 days of age and age at first egg. Fluctuating asymetry, a
good overall neasure of devel opnental stability, was |lower in the
rel axed than selected line. Means of relative asynmetries were
also lower for LWR femal es than LWS | ayers and nonl ayers whi ch
were simlar.
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| NTRODUCTI ON

Fluctuating asymetry (FA) occurs when an individual is
unabl e to undergo identical devel opnment on both sides of a
bilaterally symretrical trait. FA has been studied in a variety
of organi sns and appears to have prom se as a tool in studies of
evol ution, conservation biology, and animal breeding (Ml ler et
al . 1995; Pal mer 1996; Pal mer and Strobeck 1986; Parsons 1992;
van Val en 1962).

As a devel opnental stability measure of environnmental and
genetic stressors, FA reflects small random devi ations from
symmetry in bilateral characters with a normal distribution and a
zero nean. Considerable research has been conducted on
environmental stressors in poultry (e.g., Ben-Nathan et al.

1976; Freeman 1985; Garren and Shaffner, 1956; Siegel 1995;

Wl ford and Ri nger, 1962; Zulkifli and Siegel 1995). Although
Lerner (1954) in experinments with chickens pointed out that
selection for specific traits disrupted honeostasis, information
on genetic stressors in poultry remains quite limted. Genetic
stressors include | oss of genetic variation frominbreeding or
from bottl enecks of founders, hybridization, incorporation of a
new mut ant or major gene, and directional selection (Leary and
Al l endorf, 1989; Mdller et al., 1995, Parsons, 1990).

I ntense directional selection has been hypothesized to
i ncrease the overall |evel of developnental instability as
measured by FA because it directly affects alleles that control
devel opnent al honeostasi s and agai nst genetic nodifiers that
control devel opnment of extrenme phenotypes (Mller et al., 1995).

Dunni ngton and Si egel (1996) reported negative correl ated
responses in reproductive capabilities of chickens selected for
38 generations for | ow 56-day body weight. As responses in the
selected trait progressed, noticeable alterations occurred in the
proportion of individuals that survived during the early
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post hatch period (Noble et al. 1993), and of the survivors, in
the proportion that achieved sexual maturity (Siegel and
Dunni ngton 1987). Those chicks that died did so because they
sinply did not eat. Since generation 25, from25%to 50% of the
females failed to reach sexual maturity by 275 days of age
(Dunni ngton and Si egel 1996). Those which did not mature when
provi ded food ad |ibitumcould be brought into egg production by
force-feeding (Zel enka et al. 1988). Al so after only one or two
generations of relaxed selection essentially all pullets would
enter lay when fed ad libitum (Liu et al. 1995) suggesting
enhanced devel opnental stability. To evaluate this, we report in
this paper on asymetry anong pullets fromthe selected |ine that
had either comenced or not commenced egg production and for
pullets in a subline where selection had been rel axed.
Mat erial s And Met hods
Cenetic Stocks and Husbandry

The chickens used in this experinment were from generation
S;g of a line mass selected for | ow 56-day body wei ght (LW5) and
a subline of LW where sel ection had been rel axed (LWR) for 4
generations. The base popul ation for the selected |line consisted
of crosses of 7 inbred |lines of Wiite Plynouth Rocks (Siegel
1962). The nunbers of sires and dans selected to produce the LW5
line were 8 and 48 respectively through the S, generation, 12 and
48 fromthe Ss to Sys generation, and 14 and 56 fromthe S
generation onward (Dunnington and Si egel 1996).

I n generation 35, random sanples fromthe LW5S |ine were
t aken before choosing parents for reproducing the |line and
selection was relaxed to formline LMR This |ine has been
mai nt ai ned as a cl osed population by artificially insem nating 30
to 35 fenmales with pooled senen from 10 to 15 nmales in each of 4
gener ati ons.

For this experinment chicks fromboth |ines were hatched on
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the sane day (March 5, 1996) from age-contenporary parents. Upon
renmoval fromthe hatcher chicks were w ngbanded, vaccinated for
Marek's di sease and placed in floor pens. At 56 days of age sexes
were separated and the fermales were transferred to floor pens in
anot her buil di ng where they remained until 140 days of age. They
were then randomly assigned to individual cages in a |ight
controlled roomwhere they remained until the end of the
experinment. Lighting to 56 days of age was artificial and
continuous. From56 to 140 days fenal es were exposed to natural
dayl ength. Thereafter, the photoperiod was from 0600 to 2000
hours. Water and feed were always avail able. Crude protein (%
and net abol i zabl e energy (kcal/kg) of diets were 20.0 and 2685 to
day 56, 14.0 and 2827 fromday 56 to 140, and 16.1 and 2572 from
day 140 onwar d.
Traits Measured

Body wei ghts were obtained at 56, 168, and 240 days of age,
and age at first egg was recorded for each individual that
comenced egg production by 245 days of age. All chickens were
consi dered healthy. At 240 days of age, data were obtained for
several bilateral characters. These were length (.1nmm of the
met at ar sus (shank), dianmeter (.1mm of the shank perpendicular to
the spur, and distance (.1nm between the auditory canal and the
posterior junction of upper and | ower mandi ble (face |length). The
sanme neasurer and hol der nade all neasurenents. After renoval
the length (.1mm and weight (.01g) of the left and right first
primary wi ng feather were obtained. Wen bl ood was present in the
quill of a feather, the hen was classified as in nolt and feather
| ength and wei ght were not recorded. FA was defined as nean zero
with normal distribution. Directional asymmetry (DA) was defined
as nean not zero with normal distribution. Antisymetry (AS) was
defined as nean zero with a distribution that was not nornmal.
Statistical Analyses
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Anal yses of variance (SAS Institute 1985) were conducted for

all nmeasurenents using the conpletely random zed nodel: Y;; = u +
g + ej , wierei =1, 2, 3 groups (LWS layer, LWS nonlayer, LWR
layer) and ] =1, 2 ... nindividuals. Al LWR fenmal es had

comenced | ay by 245 days of age. Wen neans were significantly
different at P<.05, nultiple neans were separated by Duncan's
test. Asymmetries were tested by Levene's test (Pal ner 1996).
Body wei ghts were transfornmed to common |ogarithnms prior to
analysis. Relative asymmetries (|L-R/ [ (L+R) / 2] ) x 100
expressed as a ratio were transforned to arc sine square roots
prior to analysis. Each signed (+ or -) bilateral asymetry (L-R)
was tested for normality with mean zero by the Shapiro-WI k
statistic Wand by one-sanple t-tests (SAS Institute 1985). The
mean of the relative asymmetries of the different characters was
calcul ated as an overall neasure of relative asymetry. Product-
nmoment correl ati ons between bilateral traits (left+right)/2 and
relative asymretry with body weights at various ages and age at
first egg were cal cul ated within groups.
Resul ts
Ef fects of selection

In line LW5 58% (25/43) of the femal es had commenced | ay by
245 days of age. The nean age of 207 days at sexual nmaturity of
this group was not different fromthe mean of 200 days in |line
LWR where all 33 femal es had entered lay (Table 1). Body wei ghts
of LW5 nonl ayers were consistently |lower than those of LWS | ayers
at 56, 168, and 240 days of age. Between | ayers, body weights
were |lower at 56 and 168 days but not at 240 days for line LW5
t han LWR. Shank | engths of LWS5 nonl ayers were shorter than those
of LW5 layers which did not differ fromLWR | ayers. Shank
di aneters differed anong groups with ranking in descendi ng order
bei ng greatest for LWR layers > LW5 | ayers > LW5 nonl ayers. Face
length as well as feather weight and feather |length wAS simlar
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for the three groups. There were, however, 5 LW5 nonl ayers with
nolted feathers and 1 LW5 layer in nmolt. No LWR pullets were in
nmol t.
Normality of bilateral traits

Bil ateral differences for shank | ength and shank di aneter
had a normal distribution, zero nean, and exhibited FA (Table 2).

Face length also showed FA in line LWR and for LWS nonl ayers,

with DAin LW | ayers where the distribution was normal but the
mean was not zero. Feather weight and feather length in LWS
nonl ayers exhi bited FA. LW5 | ayers exhi bited DA whereas for LWR
femal es there was AS with a nean of zero and a distribution that
was not normal .
Ef fects of selection and rel axed selection on the |evel of
asymmetry

Rel ative asymmetry was sim | ar anong the three groups for
shank | ength, shank dianeter, and face length (Table 3). Val ues
for feather weights and | engths were higher for both LW groups
than for LMR The overall nean of asymetries was higher for LW5
| ayers and nonl ayers than for LWR fenal es.

Ef fects of selection on proportional devel opnent

Correlations of bilateral traits with body wei ght and age at
first egg calculated within groups are presented in Table 4.
There were highly significant positive correlations of shank
| ength at 240 days of age with body weight at 56, 168, and 240
for LMR pullets. Although these correlations were positive, they
were | ower at each age for both LWS | ayers and nonl ayers.
Correl ations of shank length with age at first egg showed a
simlar negative pattern for both the selected and rel axed |ines,
with that for the relaxed |ine being highly significant. For
shank diameter, the pattern anmong groups was a highly significant
positive correlation with 56-day body weight for LWR but not LWS
| ayers and nonl ayers. At 168 and 240 days, the correlations were
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hi ghly significant and positive for all three groups. The
negative correlation for shank dianeter and age at first egg was
not significant for LW5 pullets and was highly significant for
LWR pull ets. Although correlations for face length with body

wei ghts were positive and with age at first egg negative, none
was significant.

O the 27 correlations (data not shown) between relative
asymmetry of shank | ength, shank dianmeter, and face length with
body wei ght at 56, 168, and 240 days of age, only the correlation
of .41 for shank |l ength and 56-day body wei ght for LW5S | ayers was

significant (P£. 05 and it may be due to chance. O the 6
correlations between relative asymmetry of these bilateral traits
with age at first egg, 2 were positive, 4 were negative, and none
was significant.

Di scussi on

Devel opnental priorities

For any organismthere wll be a devel opnental order which
will influence prioritization of resources. Juveniles
preferentially allocate resources to skeletal and muscul ar growth
and devel opnent and adults to reproduction. These early
associ ations anong traits may al so be noted at ol der ages when
resources allotted to themare primarily for nai ntenance. Thus,

di fferences anong groups in shank | ength and shank di aneter at
240 days of age corresponded to the pattern observed for body
wei ght at all ages. That is, |lower body weights were associ ated
with small er shanks.

Face |l ength and weight and length of the first primary w ng
feather were simlar for all groups. For the forner, it is
reasonabl e that the general area of the head which includes the
brain should have priority developnment wwth [ittle change (Oyan
and Anker-N|lssen 1996). As far as simlarity anong groups for
the primary wing feather at 240 days of age, the juvenile nolt
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and growt h occur after the age of 56 days when sel ection was nade
for body weight. Perhaps nore inportantly froma resource
all ocation point-of-view, resources allocated to feather
devel opment woul d be at a critical physiological margin essenti al
for thermal stability with little roomfor variation in chickens
(Dunni ngton and Si egel 1984).
Selection and different types of FAs

Fromthe results reported in this paper, overall FA provided
a good neasure of devel opnental stability in these chickens.
Feat her weight, in particular, showed a relative asymetry of
11.5%in selected line LW5S pullets and only 4.5% when sel ection
was relaxed in line LMR Relative asymetries for the other
traits nmeasured were in the 1% to 6% range. Al though shank | ength
and di ameter exhibited FA in all groups, feather weight and
l ength exhibited FA in LW nonlayers, AS in LWR and DA in LW5
| ayers. Neither logarithm c, square root, arcsine, nor other
transformations inproved the fit to normality for size or
asymmetry neasures. The observation that not all traits were
normal Iy distributed was consistent with reports by Lacy and
Horner (1996) and Thoday (1958), but not that of Mdller et al.
(1995). The former two reports involved the effects of genetics
(selection and inbreeding) in Drosophila and mce, respectively.
The report of Moller et al. (1995) invol ved speci nens of Red
Jungle fow and comrerci al neat-type chickens which were crosses
of selected |ines.
Honeost asi s and FA

In long-termsingle trait directional selection experinents,
reduced and irregul ar responses may be directly or indirectly due
to greater sensitivity to environnental factors which could be
reflected by devel opnental error (Cayton et al. 1957; Lerner
1954; Moller et al. 1995; Parsons 1990; van Val en 1962).
| ncreased FA inplies disturbances in devel opnental honeostasis at
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t he nol ecul ar, chronosonal, and epigenetic |levels (Pal ner 1996;
Parsons 1990). How much and when sel ection responses occur are

| ess predictable in later than earlier generations of artificial
sel ection. Hence, overall FA and honeostatic thresholds could aid
i n eval uating consequences of selection.

In the experinent reported here, attenpts were nade to

m ni m ze environnental changes by reproducing lines at the sane
tinme each year (the first Tuesday in March) and feeding the sane
dietary formul ati ons throughout all generations. No environnment
trends were noted for 56-day body weight in a control popul ation
during this experinment (Liu et al. 1994). Therefore, the sharp
escalation of FAin line LWS may be due to genetic stress per se
or genetic stress resulting fromnore sensitivity to
environnental factors because sel ecti on nay have been agai nst
genetic nodifiers that influenced devel opnental honeostasis
(Parsons 1990; Moller et al. 1995). Thirty-nine generations of
sel ection have reduced nean 56-day body weight from 710 to 160 g.

Rel axi ng sel ection quickly reduced relative asymmetry and
i ncreased body wei ght. Because a proportion of the selected |ine
(those having | owest body weights) did not enter lay, there is a
reversal of selection due to reaching a selection limt (Siege
and Dunni ngton 1987). This suggests that selecting individuals
with lower FA may provide a way to enhance recovery of
homeost asi s.
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Table V 1. Mean =+ SEM of traits for females that had either
commenced (|l ayer) or not commenced (nonlayer) egg production by
245 days of age

LWs' LWR?
Trait Nonl ayer Layer Layer
Body weight (g) at age in days
56 135+ 8c 188 + 9 b 225 £ 11 a
168 532 £ 33 ¢ 849 £ 39 b 976 + 38 a
240 878 £ 46 b 1241 + 26 a 1317 %= 31 a
Age at first egg (days) - 207 = 4 a 200 + 4 a
Shank® ()
l ength: |eft 86.55 + .81b 91.56 + .58a 90.98 £+ .51a
right 86.70 + .87b 91.82 + .64a 90.96 £ .50a
di ameter:left 8.83 = .19c 9.74 + .10b 10.16 + .09a
right 8.82 + .17¢c 9.70 £ .10b 10.04 = .09a

D stance (mm) between junction of upper and | ower mandi bl es and
audi tory canal
(face 1ength)?®

| eft 20.59 + .40a 20.74 + .26a 20.80 £ .22a
right 20.82 + .39a 21.32 + .30a 21.18 £+ .26a

First primary wing feather weight (g) and length (cm?®
wei ght: | eft . 262+ .010a . 248+ .008a .269+ .008a
right . 261+ .012a . 272+ .008a .272+ .007a
l ength: | eft 17.50 £+ .20a 17.46 + .16a 17.87 £+ .14a
right 17.51 £+ .22a 17.76 =+ .15a 17.89 =+ .14a

a-cneans in arowwth no coomon letter differ significantly
(Pg. 05).
LLWs - selected 39 generations for |ow 56-day body weight.
2LWR - subline of LWS where selection was rel axed for 4
generations; all had entered egg production.
3 Measured at 240 days of age.

98



Table V 2. Mean = SEM of bilateral difference (left mnus right)
and type of asymretry' for females that had either conmenced
(layer) or not comrenced (nonlayer) egg production by 245 days of
age

LW LWR?
Trait? Nonl ayer Layer Layer
Shank (nmm
| ength -.150 £ .375FA -.264 £ .250FA .021 =+ . 261FA
di anet er .011 =+ .082FA .048 + . 094 FA .127 + . 066 FA

D stance (mm) between junction of upper and | ower mandi bl es and
audi tory canal
(face length)
-.2278+ . 3235FA -.5800+ .2672DA -.3818+ .2481FA
First primary wing feather weight (g) and length (cm

wei ght . 0015+ . 0107FA -.0242+ . 0065DA -.0029+ . 0037AS
| ength -. 0077+ . 1689FA -.3042+ . 1388DA -.0129+ .0771AS

YFA - fluctuating asymetry; DA - directional asymmetry; AS -
anti symetry.

2LW5 - sel ected 39 generations for |ow 56-day body weight.

®LWR - subline of LWS where selection was rel axed for 4
generations; all had entered egg production.

* Measured at 240 days of age.
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Table V 3. Relative asymretry' for femal es that had either
commenced (|l ayer) or not commenced (nonlayer) egg production by
245 days of age

LW LWR?
Trait? Nonl ayer Layer Layer
Shank (nmm
| ength 1.39+ .27a 1. 15+ . 15a 1.32+ .17a
di anmet er 2.90+ .61la 3.88+ .57a 3.14%+ .42a

D stance (mm) between junction of upper and | ower mandi bl es and
audi tory canal
(face length)
5.42+ .88a 5.38+ .82a 5.21+ .78a

First primary wing feather weight (g) and length (cm

wei ght 11.78+2. 21a 11. 22+2. 10a 4.46+1. 21b
| ength 2.40x .64a 3.03+ .61la 1.39+ .34b
Mean® 4,78+ .63a 4,93+ .52a 3.10+ .35b

a,b nmeans in arowwth no comon letter differ significantly (P

05).
iE([]l-Rm [ (L+R) / 2] ) x 100, where L is left and Ris right.
2LWs - sel ected 39 generations for |ow 56-day body weight.
® LWR - subline of LWS where selection was rel axed for 4
generations; all had entered egg production.
* Measured at 240 days of age.
> Average of the 5 relative asymmetry val ues.
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Table V 4. Correlations of bilateral traits with body wei ght and
age at first egg for females that had either commenced (| ayer) or
not commenced (nonlayer) egg production by 245 days of age

LWs' LWR
Traits Nonl ayer Layer Layer
Shank | ength® (m) with
Body weight (g) at age in days
56 .33 .19 47 **
168 . 46 . 30 .64 **
240 .24 .52 ** .62 **
Age at first egg (days) -- -.39 - 47 **
Shank dianeter® (nm wth
Body weight (g) at age in days
56 . 05 .18 .43 **
168 .88 ** .41 .68 **
240 .83 ** .56 ** .73 **
Age at first egg (days) -- -.23 -.50 **

D stance (mm) between junction of upper and | ower mandi bl es and
auditory canal (face length)® with
Body weight (g) at age in days

56 . 20 . 30 .22
168 . 45 . 20 .32
240 .10 .13 . 26
Age at first egg (days) -- -.07 -. 27

* ** gsignificant at P<.05 and P<.01, respectively.

LW - selected 39 generations for | ow 56-day body wei ght.

2 LWR - subline of LW5 where selection was rel axed for 4
generations; all had entered egg production.

% Measured at 240 days of age. (left + right)/2.
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Paper VI
COVPARI SONS OF PARENTAL LI NE BRO LER BREEDERS AND CROSSES
AMONG THEM FOR VEI GHT OF BODY AND ORGANS AT HATCH
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Abstract 1. Body, yolk sac, left and right shanks with toes,
enpty left and right ceca, left and right lungs, heart, and bursa
wei ghts were obtained for 50 chicks at hatch fromeach of five
commercial broiler parental lines and three F; crosses invol ving.
2. Effects of stock and sex were inconsistent anong mating

conbi nat i ons.

3.Correl ations of yolk-free chick weight with shank wei ght was
high, wth heart and |lung weights, internediate, and with ceca
and bursa weights | ow.

4. Heart/lung ratios of all F;, crosses were greater than those for
their respective parental |ines.

5.Heterosis for nost traits was different anong popul ati ons.

6. Devel opnent as neasured by %relative asymmetry was | ess stable
intw sire parental lines than in their respective damlines

and F; crosses.
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| NTRODUCTI ON

In the poultry industry marketing changes are common and
require continuous changes in the design and inplenentation of
breedi ng prograns. A delay of years between devel opnent of
initial selected popul ations and production of sal eabl e products,
however, requires that poultry breeders predict future markets.
Strategies for devel oping specific sire lines, damlines, and
crosses anong themwhich differ in production traits (Mav, 1966
a,b,c; Mav and HIl,1966; Mav and Mdav, 1966) continue today
(Ewart, 1993). Inplenentation of this breeding strategy has
facilitated rapid genetic changes in broiler traits (Havenstein
et al., 1994).

Intense within-line selection with enphasis on specific
traits can result in lines that may be very different, with
conpl enentary effects occurring in crosses anong them |Intensive
selection for rapid growth not only conprom ses reproductive
ability and i munoconpetence, but also contributes to skeletal
and netabolic disorders as a consequence of a disruption of
honmeost asi s (Si egel and Dunni ngton, 1997). Also, asymmetries of
bilateral traits and devel opnental instabilities can be
i nfluenced by both genetic and nongenetic factors (Ml ler and
Swaddl e, 1997). Lacking are conpari sons of the honeostasis of
comercial sire and damlines and their crosses which may be

estimated from heterosis of various traits and by neasuring
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asymmetries of bilateral traits (Pal nmer and Strobeck, 1986;
Parsons, 1992; Moller et al., 1995; Palnmer, 1996).

Thi s paper reports on conparisons made at hatch for various
traits fromfive commercial pure lines and three crosses
involving them Criteria for neasuring devel opnental stability
and overall quality were heterosis and asymmetries of bilateral
traits. Traits included yol k-free body wei ght and representative
conponents fromthe skeletal, circulatory, digestive,
respiratory, and i nmune systens.

MATERI ALS AND METHODS
Stocks and traits

The stocks used in this experinment included three sire lines
(AA, Cl1C1, C2C2), two damlines (BB, DD), and three F; crosses
between the sire and damlines (AB, CLD, D). In matings the
sire line is shown first and the damline second. Eggs fromthe
ei ght stocks were shipped to Virginia Tech and incubated in one
machi ne for a single hatch. Data were obtained from 50 chicks
fromeach stock wwth a m ni num nunber of 20 for each sex. At
hat ch, each chick was wei ghed and then killed by cervica
di sl ocation. Weights (to nearest 0.01 g) were obtained for yolk
sac, left and right shanks with toes, enpty left and right ceca,
left and right lungs, heart, and bursa. Sex was determ ned by
macr oscopi ¢ i nspection of gonads.

Statistical analysis
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Data were anal yzed by anal ysis of variance with stock, sex,
and the interaction between themas main effects. Wen
di fferences anong stocks were significant, nmeans were separated
by Duncan’s multiple range test. Wen interactions of sex by
stock were significant, conparisons between sexes were nade
wi thin each stock and anong stocks within each sex. Significance
of heterosis was determ ned by the contrast of the Fiwith the
average of its parental I|ines.

Three categories were defined for left mnus right (L-R
bilateral differences. Definitions were nean zero and nor nmal
distribution for fluctuating asymetry (FA), nmean not zero and
normal distribution for directional asymmetry (DA), and nean zero
wth a distribution that was not normal for antisymetry (AS).
Rel ative asymmetry (RA) was defined as the ratio of the absolute
val ue of asymmetry (L-R) over bilateral trait weight: RA = (|L-R
/[(L+R)/2]) x 100.

Prior to analysis RAs were transforned to arc sine square
roots. Each signed (+ or-) bilateral asymetry (L-R) was tested
for normality with nean zero by Shapiro-WIlk statistic W(sanple
size <60) and by one-sanple t-tests (SAS, 1985).

RESULTS

Prelimnary anal yses showed that results for nost traits

were specific for each mating conmbi nation. Therefore data are

presented by mating conbination i.e., parental lines and the F;
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cross between them
AA, AB, and BB nati ngs

Means and percentage heterosis for traits frommatings AA
AB, and BB are shown at Table 1. Sex by stock interactions were
not significant for any of the traits neasured. The only traits
wher e sexual dinorphismwas present were absolute left |ung
wei ght and lung weight relative to body weight. In both cases
wei ghts were heavier for males than fenales.

Body and absol ute shank wei ghts were |ower for AA and AB
than BB chicks for these matings. Yol k sacs of AB and BB chi cks
were heavi er than those of AA chicks. Absolute weights of other
organs were simlar anong mati ngs.

Correl ati ons of yol k-free body weight with other traits
vari ed. Those between body wei ght and shank wei ght were highly
significant correlations which ranged fromO0.80 to 0. 86.
Correl ati ons of body weight wth bursa and with ceca wei ghts,
whil e positive, were not different fromzero for AA and BB
matings. For the AB cross, however, there were significant
correlations of body weight with bursa (0.36) and body wei ght
with ceca (0.31). Correlations of body weight with |ung wei ght
were highly significant for AA chicks (0.45) and significant for
BB chicks (0.37). Heart with body weight correlations were highly
significant being 0.45, 0.44, and 0.61 for AA, AB, and BB chi cks,

respectively.
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Rel ative to body wei ght, yolk sacs of AA chicks were
lighter than those of AB and BB chicks, while ceca and bursa
wei ghts were heavier for AA than AB and BB chi cks. Shanks of BB
chi cks were heavier than those of AA and AB chi cks.

Heterosi s, both on an absolute and a rel ative-to-body-wei ght
basis was lowwith left and right shank wei ghts being the only
traits show ng significant heterosis.

C1Ci, C1D, DD mati ngs

Means and percentage heterosis of traits where there was no
interaction of sex by stock for matings Cl1Cl, C1D, and DD are
presented in Table 2. Absolute weights of ceca and of ceca,
shank, and bursa weights relative to body weight did not differ
anong matings, and heterosis for these traits was |low. Left and
right lungs of nmales were heavier than those of females. In both
sexes, lungs of C1Cl chicks were heavier than those of DD chicks
whi ch were heavier than those for C1D chicks. This sanme pattern
was observed for absolute weights of the yolk sac and left and
ri ght shanks, as well as yolk sac weight relative to body weight.
Heterosis for all of these traits was negative and significant
with the exception of right |ung weight for males. Absol ute
wei ght of the bursa was also greater for C1Cl than DD and ClD
chicks which did not differ fromeach other. The overal
correlation of body weight with shank weight was 0.80 with a

range from0.77 for C1Cl chicks to 0.82 for C1D and DD chi cks.
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Means and heterosis of traits where sex by stock
interactions for these matings were significant are presented at
Table 3. C1Cl1 nul es were heavier than C1D and DD nual es, while
Cl1Cl femal es were heavier than DD fenal es which, in turn, were
heavi er than the F; cross. Al though there was no sexual
di nor phi sm for body wei ght of CLD and DD chicks, C1Cl nal es were
heavi er than C1Cl fermal es. Heterosis for body wei ght was negative
and highly significant for both sexes.

On an absolute basis, hearts of C1Cl chicks were heavier
t han those of C1D and DD chicks which did not differ. The
interaction resulted from sexual dinmorphism (male>female ) for DD
chicks and no difference between sexes for CLCl1 and C1D chi cks.
In contrast, relative to body weight, hearts of C1ClL and Cl1D
chi cks were heavier than those of DD chicks. The pattern for
sexual di norphi sm however, was the same as that observed for
absol ute heart weights, wth the only significant heterosis being
that for absolute heart weight of fenules.

Al t hough weights of lungs relative to body wei ght were
simlar for males of the three stocks, heterosis was negative and
significant. Relative to body weight, lungs were heavier for CILCl
femal es than for the other two matings with heterosis being
significant and negative. Wthin each mating, |ung weights
relative to body weight were heavier for CLD and DD nal es than

femal es while there was no sexual dinorphismfor CLCl chi cks,
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causing the significant sex by stock interaction. Ratios of heart
to lung weights for males were greatest for CLD chicks and | east
for DD chicks with C1Cl chicks internediate. For ferales, ratios
were | ower for CI1Cl chicks that for C1D and DD chi cks. Sexua

di nor phi smwas noted only in DD chicks with val ues higher for
femal es than males resulting in the sex by stock interaction.

Al t hough heterosis was positive for both sexes, it was
significant only for males.

Correl ations of body weight with ceca and with bursa wei ght
for C1Cl, C1D, and DD matings were |low and not different from
zero. For body and shank weights, correlations were highly
significant for all matings ranging fromO0.77 to 0.82. Although
of a | ower magnitude than those with shank, correl ations between
body and | ung wei ghts were significant for C1ClL (0.32) and DD
(0.35) chicks and highly significant for CLD (0.51) chicks. O a
simlar magni tude were correl ations between body and heart
wei ghts which were significant for C1Cl1 (0.30) and highly
significant for C1D (0.40) and DD (0.38) chicks.

C2C2, C2D, and DD mati ngs

Means, SEM and % heterosis for matings C2C2, C2D, and DD
are presented in Table 4 for traits when the sex by stock
interactions were not significant, and in Table 5 when the
interaction was significant. There were no differences anong

stocks for absolute weights of left shank, left and right ceca,
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and right lung weight as well as shank ,ceca, and bursa wei ght
relative to body weight. Body weights of males, and yol k sac and
heart weights for both males and fermal es were | ower for DD than
for C2C2 and C2D chi cks. Body wei ghts of femal es and bursa

wei ghts were |lower for DD than C2C2 chicks, with C2D chi cks
internedi ate and not different fromeither parental |ine. Right
shank wei ght was heavier for C2C2 than C2D and DD chi cks.

Left lung weights of C2D mal es and fermal es were |ighter than
those of their parental lines. Relative to body weight, |ungs
were heavier for DD chicks of both sexes than those of chicks
fromthe other two stocks. In contrast, heart weights relative to
body wei ght were heaviest in C2D and |lightest in DD chicks, with
those for C2C2 chicks internediate and different fromthe other
two. Yol k sac weights relative to body weight were lighter in DD
than in C2D chicks with weights for C2C2 chicks internedi ate and
not different fromchicks of the other two natings. Heterosis was
positive and significant for absolute yol k sac and heart weights
of males, as well as their weights relative to body wei ght for
yol k sac, lungs of males, and hearts in both sexes.

Correl ati ons between body and organ wei ghts were stock
specific. For the C2C2 mating the correlation of body weight with
shank wei ght was highly significant (0.77) while correl ati ons of
body weight with ceca (0.06), lung (0.03), heart (0.23) and bursa

(0.19) were not significant. The associ ati on between body wei ght
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and organ weights was simlar for C2D and DD mati ngs.
Correl ati ons of body weight wth shank, ceca, lung, heart, and
bursa were 0.76, 0.17, 0.48, 0.41, and 0.10, respectively, for
C2D chi cks. Respective correlations for DD chicks were 0.82,
0.12, 0.35, 0.38, and 0.25. Al were significant or highly
significant except those involving ceca and bursa.

The sex by stock interaction for ratio of heart-to-Ilung
wei ght was significant (Table 5) because in nmales ratios were
hi ghest for C2D and | owest for DD matings with the value for CC2
intermedi ate and different fromthe other two stocks. In
contrast, the ratio was |ower for DD than C2C2 and C2D femal es.
Compari sons of sexes within matings reveal ed higher ratios for
C2C2 and DD nal es than females with no difference between sexes
for C2D chicks. Heterosis for the lung to heart ratio was
positive for males and females with the forner being highly
significant.

Bil ateral asymmetry
Asymetry types and heterosis for % RA were generally

specific for each mating conbi nation (Table 6). For AA, AB and BB

mat i ngs, shank wei ght exhibited AS in the parental |ines and FA
in the F, cross. Cecal weights were AS for both parental |ines
and the F;. There was AS for lungs in the BB parental |ine and

the F1 with FA for the AA parental line. Percentage RA while

| ow for shank wei ght, exhibited significant heterosis. Al though %
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RAs were higher for ceca and lung than for shank, heterosis was
not significant.

Asymetries of shank weight for matings CLCl, C1D, and DD
were FA for CICl and C1D chicks and DA for DD chicks. Cecal
wei ght exhibited AS for all matings. For lung, there was FA for
C1D and DD chicks and DA for CLCl. Heterosis of % RA for shank
wei ght was negative and significant. Percentage RA did not differ
anong matings for ceca, while for lungs parental |ine CLCl had a
hi gher % RA than matings C1D and DD. Heterosis of % RA was
positive for ceca and negative for lung weight with neither being
significant.

Shank wei ghts of C2C2 and C2D chi cks exhibited AS while DD
chi cks showed DA. Ceca and | ung wei ghts were AS and FA,
respectively, in all matings. Percentage RA was much | ower for
shank than for ceca and |lung weights. Heterosis for % RAs for
shank and ceca were negative and positive, respectively, with
nei ther being significant. For lungs, % RA was greater for C2C2
than C2D and DD chicks with heterosis being negative and
significant.

DI SCUSSI ON

G owm h of specific organs may occur sinultaneously or
sequentially. Although devel opnental control is specific for
traits rather than for the whole organism allonorphic growh of

each trait is an orderly process. Tenporal devel opnment of organs
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shoul d be recogni zed when neasuring asymmetries of several traits
at a specific chronol ogical age (Kinball et al., 1997). In our
experinment, asymetries and heterosis of traits involved
conpari sons anong genetic stocks at the same chronol ogi cal age
and physiol ogi cal stage (i.e., at hatch) for weights of
conponents representing the skeletal (shanks), circul atory
(heart), digestive (ceca), respiratory (lungs), and i mmune
systens (bursa). The sire and dam parental lines in this
experinment had undergone intense selection for growth and
associated traits with F; crosses anong them based on econom c
consi derations of conmbining ability. That results were mating
conbi nation specific was not surprising. Yol k-free body wei ght at
hatch was i nconsistent across matings. There were cases of no
sexual di norphism mal es being heavier than fenmales, and fenal es
bei ng heavier than males. This lack of generality of sex
di nor phi sm for body weight at hatch was consistent wth that
reported by Burke (1992). Lower percentage yol k sac wei ght
relative to body wei ght corresponded to | ower body wei ght stocks
whi ch agreed with the report of Yang and Siegel (1997) in lines
of White Leghorns divergently selected for sheep red bl ood cells.
Heterosis for yol k-free body and shank wei ghts was vari abl e
reflecting the trait and popul ati on specific characteristics of
heterosis. Neither bursa nor ceca weights exhibited heterosis.

Heterosis for lung and heart weights both on an absol ute and
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relative to body wei ght basis was consi derable and significant
for sonme matings with the direction of heterosis being negative
for lung and positive for heart. The rel evance of this may have
practical inplications to netabolic disorders in broilers.

Lungs and hearts, critical organs for the incidence of
ascites (Julian, 1993), exhibited sexual dinorphismw th an
interaction of sex by stock. Specifically, lung size may be
especially inportant because, due to skeletal |limtations, it
cannot be enlarged proportionally with increasing rapid growh
t hat requires higher oxygen exchange. In all cases heart/|ung
rati os were higher in Fpcrosses than in their respective
parental |ines suggesting a poorer anatom cal structure for
resistance to ascites. For the bilateral traits nmeasured,
regardl ess of mating conbi nati ons, % RA was considerably | ess for
shank than ceca and | ung weights which were simlar. Heterosis
for % RA of shank varied in significance anong mating
conbi nation, while for ceca it was consistently positive and for
| ung consistently negative. Lines CI1ClL and C2C2 had significantly
hi gher RAs for lung weights than damline DD and F; progeny
suggesti ng poor honeostasis in response to genetic stressor(s)

whi ch may reflect higher selection intensities in sire |lines.
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Table VI 1. Mean, SEM and % heterosis for traits at hatch for mating
conbi nati ons AA, AB, and BB

Mat 1 ng conbl nat 1 ons Pool ed
Trait! AA AB BB SEM Het erosi s
Absolute wt (g)
Body? 37.8 b 38.4 b 40.7 a 0.3 -2
Yol k sac 3.9 b 4.9 a 5.2 a 0.1 7
Shank, L3 1.11 b 1.14 b 1.25 a 0.01 -3
R 1.11 b 1.13 b 1.25 a 0.01 -4
Ceca, L 0. 067 0. 060 0. 065 0. 002 -9
R 0. 067 0. 060 0. 065 0. 002 -6
Lung, L M 0. 186 0.183 0.195 0. 004 -4
F 0. 169 0. 167 0. 185 0. 004 -6
R 0.173 0.179 0.181 0. 003 -3
Heart 0. 33 0.33 0.34 0.04 -2
Bur sa 0. 050 0. 049 0. 043 0. 002 5
(Heart/lung) x 100 0.89 1.02 0.91 0.01 2
Rel ative wt = (organ/body) x 100
Yol k sac 10.38 b 12.78 a 12.69 a 0. 37 7
Shank 5.88 b 5.91 b 6.15 a 0.03 -2
Ceca 0.35 a 0.31 b 0.32 b 0.01 -7
Lung, M 0.98 0.94 0.94 0.02 -2
F 0.88 0.90 0.84 0.02 2
Heart 0. 87 0.85 0.83 0.01 0
Bur sa 0.127a 0.110b 0.112b 0. 005 8
- Sexes pool ed except when significant (P < 0.05) difference between _
and _.
2 Live wt nminus yolk sac wt.
L= left; R=right.
Wthin a row neans with different letters differ (P < 0.05).
P < 0.05.

Menal e F=Fenal e
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Table VI 2. Mean,

SEM and % heterosis for

traits at

hatch for mating

conbi nati ons C1Cl, C1D, and DD
Mat 1 ng conbl nat 1 ons Pool ed
Traith? cic CiD DD SEM Heterosis
Absolute wt (Q)
Yol k sac 4.8 a 2.7 ¢c 3.9 b 0.1 -38**
Shank, L2 1.20 a 1.04 c 1.11 b 0.01 -10**
R 1.21 a 1.03 ¢ 1.10 b 0.01 -11**
Ceca, L 0. 066 0. 058 0. 059 0.01 -7
R 0. 063 0. 060 0. 058 0.01 -1
Lung, L M 0.210a 0.163c 0.183b 0.004 -17**
F 0. 206a 0.147 c 0.170b 0.005 -22**
R M 0.195a 0.165¢c 0.182b 0. 003 -12
F 0.189a 0.150c 0.163b 0. 004 - 15*
Bur sa 0.047a 0.041b 0.039b 0. 001 -5
Rel ative wt = (organ/body) x 100
Yol k sac 11.72 a 7.49 c 10.30 b 0.3 -32*%*
Shank 5.84 5.78 5.76 0.02 0
Ceca 0.31 0.33 0. 30 0.01 8
Bur sa 0. 115 0.114 0.102 0. 003 5

Sexes pool ed except when significant (P < O. 65) di fferencé bet ween Ml e

, and Femal e.

3 L= left;

P < 0.05; ** P < 0.01.
MeEMal e F=Fenal e

heart/lung rati o,

letters differ
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Mati ng conbi nation by sex interactions were significant
body and heart w,
body wt (see Table 3).
R = right.
Wthin a row neans with different

(P < 0.05) for

and lung and heart w. relative to

(P < 0.05).



Table VI 3. Mean, SEM and % heterosis for traits at hatch for mating
conbi nati ons C1Cl, C1D, and DD where the mating conbi nati ons by sex
i nteractions were significant

Mat 1 ng conbl nat 1 ons Pool ed
Trait ClC1 CiD DD SEM Het er osi s
Absolute wt (Q)
Body!, M 42.0 a 36.1 b 37.6 b 0.4 -9 **
* NS NS
F 40.4 a 35.4 ¢ 38.7 b 0.4 -10 **
Heart, M 0.35 a 0.29 b 0.27 b 0.01 -6
NS NS * %
F 0.33 a 0.29 b 0.31 ab 0.01 -9 *
(Heart/lung) x 100
M 0.87 b 0.90 a 0.74 c 0.02 12 **
NS NS * %
F 0.85 b 0.98 a 0.97 a 0.01 7

Rel ative wt = (organ/body) x 100
.97

Lung, M 0 0.91 0.98 0.01 -7
NS * * %
F 0.98 a 0.84 b 0.85 b 0.02 -8 *
Heart, M 0.83 a 0.81 a 0.71 b 0.01 5
NS NS * %
F 0.82 a 0.81 a 0.79 b 0.01 1

~ Live wt mnus yolk sac w.

Wthin a row neans with different letters differ (P < 0.05).
P < 0.05; ** P<0.01; NS P > 0.05.

M=Mal e F=Fenal e
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Table VI 4. Mean, SEM and % heterosis for traits at hatch for mating
conbi nati ons C2C2, C2D, and DD
Mat 1 ng conbl nat 1 ons Pool ed
Traith? 2 C2D DD SEM  Heterosis
Absolute wt (Q)
Body® M 39.2 a 39.2 a 37.6 b 0.3 2
F 40.9 a 39.1 ab 38.7 b 0.3 -2
Yol k sac 4.8 a 5.0 a 3.9 b 0.1 15 *
Shank, L* 1.14 1.11 1.11 0.01 -1
R 1.14 a 1.10 b 1.10 b 0.01 -2
Ceca, L 0. 058 0. 055 0. 059 0.001 -6
R 0. 057 0. 059 0. 058 0. 002 3
Lung, L M 0.183a 0.170b 0.183 a 0. 003 -7
F 0.164a 0.154 b 0.170 a 0. 004 -8
R M 0.071 0.175 0.182 0. 004 -1
F 0. 062 0. 156 0. 163 0. 004 -2
Heart, M 0.32 a 0.35 a 0.27 b 0.01 19 **
F 0.35 a 0.34 a 0.31 b 0.01 8
Bur sa 0. 048a 0. 045 ab 0.039b 0.001 3
Rel ative wt = (organ/body) x 100
Yol k sac 11.83 ab 12.85 a 10.30 b 0. 30 6 *
Shank 5.68 5.65 5.76 0.03 -1
Ceca 0. 29 0. 29 0. 30 0.01 -2
Lung, M 0.90 b 0.88 b 0.98 a 0.02 -6 *
F 0.80 b 0.79 b 0.85 a 0.02 -4
Heart, M 0.83 b 0.88 a 0.71 c 0.01 12 **
F 0.85 b 0.89 a 0.79 ¢ 0.01 8 *
Bur sa 0.119 0.116 0.102 0. 003 5

Sexes pool ed except when significant (P < O. 65) di fferencé bet ween _

and
2

3

P < 0.05; ** P <
MeEMal e F=Fenal e

0. 01.

letters differ
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(P < 0.05).

Mati ng conbi nati ons by sex interaction was significant (P < 0.05) for
heart/lung ratio (see Table 5).
Live wt mnus yol k sac wt.

“ L= left; R=right.

Wthin a row neans with different



Table VI 5. Mean, SEM and % heterosis for heart/lung ratio at hatch for
mat i ng conbi nati ons C2C2, C2D, and DD where the mating conbi nati ons by sex
i nteraction was significant

Mat 1 ng conbl nat 1 ons Pool ed
Sex c2C2 C2D DD SEM Heterosis
M 0.94 b 1.03 a 0.74 c 0.02 23 **
* % NS * %
F 1.09 a 1.11 a 0.97 b 0.01 14

Wthin a row neans with different letters differ (P < 0.05).
** P < 0.01; NS P > 0.05.
M=Mal e F=Fenal e
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Table VI 6. Asymmetry types!, %relative asymmetry (RA)? and % heterosis of RA for shank, ceca, and
| ung wei ghts at hatch by mating conbinations

Shank Ceca Lung
Mat i ng Asynmet ry % % Asynmet ry % % Asynmet ry % %
conbi nat i ons type RA het erosi s type RA het erosi s type RA het erosi s

AA AS 1.5 AS 15. 7 FA 15. 5
AB FA 2.0 29 * AS 20.5 18 NS AS 11.1 -16 NS
BB AS 1.6 AS 18.8 AS 11.1

cica FA 1.8 AS 15.9 DA 15.8 a

Cl1D FA 1.0 -35 * AS 19.6 15 NS FA 11.4 b -17 NS
DD DA 1.3 AS 18.3 FA 11.7 b

ce2 AS 1.6 AS 18.9 FA 20.3 a

c2D AS 1.2 -17 NS AS 20.8 12 NS FA 10.9 b -32 *
DD DA 1.3 AS 18.3 FA 11.7 b

1 AS = antisymmetry (nean zero, not nornmal distribution);

T]
>
T

fluctuating asymmetry (nmean zero, normal distribution);
directional asymmetry (nmean not zero, normal distribution).
2 RA=(|]L-R / [ (L+R [/ 2] ) x 100.
Mean % RA within a mating conbination with different letters differ (P < 0.05).
* P <0.05 NSP>0.05.
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GENERAL SYNTHESI S

During the last half of this century, the poultry industry
has devel oped into very sophisticated conpl exes for producing
meat and eggs. Breeding prograns consi st of crossing specialized
sire and damlines in various conbinations to produce stocks that
differ in their conplenent of production traits. Intense within
line selection is an essential conponent of the strategies used
in breeding poultry for either neat or eggs. Extrenely intensive
selection for rapid growh to market weight or high intensity and
persi stency of egg production has increased skel etal and
met abol i ¢ di sorders such as |eg disorders, cage fatigue, ascites,
and sudden death syndrone. Thus, breeders face the continuous
chal | enge of paying attention to nmechani sns involved with
honmeost asi s.

Honeostasi s, indicating the tendency of the internal
envi ronment of an organismto be nmaintained as a constant, can be
broken down into two el enents: canalization and devel opnent al
stability. Canalization is regarded as a property of the genone
that tends to ensure that a devel opnental pathway remains on its
i ntended trajectory, whereas devel opnental stability is the
phenot ypi ¢ outcone of that genetic property.

VWays in which devel opnental stability has been assessed
i nclude nmonitoring the frequency of deviant phenotypes and
measuring variation in trait size. Indices constructed from
conparisons of bilateral in the sane individual provide estimates
of devel opnental stability that control for genetic and
environnental differences. Fluctuating asymetry, a m nor
deviation fromotherw se perfect symmetry, is nost likely to
reflect for genetic and environnental differences as the two
sides of a bilateral trait grow sinultaneously. This concurrency
m nimzes the probability that environnental conditions are
di fferent during the devel opnent of each el ement.
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In this dissertation (Papers I, IIl, IIl, and V),
fluctuating asymetry of bilateral traits was investigated during
different stages of the life cycle in Wite Leghorn chickens
selected for high or |ow antibody response to SRBC anti gen(s).

O her nmesurenent criteria used in the research included heterosis
of several traits, the ratio of heterophils to | ynphocytes, and
hematocrits. In Paper V of this dissertation, asymetries of
bilateral traits were neasured at 240 days of age in fenmales from
a line of Wiite Pol ymouth Rock chickens sel ected for | ow 56-day
body wei ght (LW5) and in a subline of LW5 where sel ection had
been rel axed for four generations. In Paper VI, relative
asymmetry (an index of relative differences anong several
bilateral traits) was neasured at hatch in commercial neat-type
chi ckens. The experinment involved three sire |ines, two dam
lines, and three crosses between them

Results obtained in Paper | showed that with one exception
(at hatch)lungs exhibited fluctuating asymretry. The degree of
fluctuating, but not relative, asymetry varied with age. G owth
patterns of the lungs and heart differed with Iung weights
heavier in line with heavier body weight while there were no
di fferences between lines for heart weights. Relative to body
wei ght, both heart and | ung wei ghts declined wth age, with
hearts larger in the |l ower versus heavier body weight line to
five days after hatch with no differences thereafter. Lungs,
however, were simlar in both l[ines until five days after hatch,
after which they were larger in the line with heavier body
wei ghts. Bilateral traits nmeasured in Paper Il were 39-day |ength
and weight of the first primary wi ng feather, 39-and 49-day shank
| ength, ceca |l ength and 56-day wei ghts of shank, and | ung.

Het erosi s was positive for organ sizes and negative for degree of
bilateral asymmetry. Sum of bilateral asymetries was | ower for
crosses than their parental |ines which, |ike heterosis,
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reflected greater biological stability and honeostasis.

In Paper 111, shank |length and dianmeter, weight and | ength
of the first primary wing feather, and face | ength were neasured
at 150 days in the two lines selected for response to SRBC, their
respective relaxed |lines, and reciprocal crosses (HL and LH)
bet ween them Relative asymmetry of the five traits showed that
the two selected |lines and their respective relaxed |ines
exhibited greater relative asymetry than the F, crosses. The
experinment described in Paper |1V conpared results obtained from
relative asymretry nmeasures to those obtained for heterophils,
| ynphocytes, heterophil/lynphocyte ratios and hematocrits which
are routine criteria for nmeasuring stressors. Sixteen progeny
types consisting of parental lines, reciprocal F, and F, crosses,
and backcrosses were produced in a single hatch from age
contenporary parents. Chicks fromthe parental |ines and
reci procal F; crosses were randomy chosen fromthe same stocks
described in Paper Il. Simlar to results reported in Paper I1,
parental lines were simlar for these traits. Reciprocal effects
in the F; crosses and directional heterosis were present in cross
HL but not in its reciprocal. Cross HL had negative heterosis for
relative asymretry (Paper 11) and both negative heterosis of
het erophi | /| ynphocyte ratios and positive heterosis of
hemat ocrits (Paper 1V).

There are several points to be drawn fromthese four papers:
(1) The types of bilateral asymmetry have strong trait associ ated
tendenci es which vary with stages of life cycle. Lung weight and
l ength, wdth, and wei ght of shank generally exhibited
fluctuating asymetry regardl ess of age, while first feather
| engt h and wei ght showed anti symmetry at both 39 and 150 days of
age. (2) Relative asymmetries were |less age related than trait
rel ated. Shank | ength and wei ght exhibited less than 2% rel ative
asymmetry in all experinents while relative asymetries for |ungs
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were generally 10% or higher. (3) Fi1 crosses exhibited | ower
relative asymretries than their parental lines (4) Wile
heterosis for traits was positive, it was negative for relative
asymmetry denonstrating greater biological devel opnental
stability for crosses as well as hybrid vigor. (5) Relative
asymmetry is an effective neasurenent of genetic stressors.

In Paper V, females within a line were separated as to
whet her or not they had commenced egg production by 245 days of
age. Previous studies had shown that the nonlaying condition at
this age could be overcone by force-feeding or by rel axing
sel ection. Although relative asymetry was simlar for |layers and
nonl ayers, in both groups it was higher than in a subline where
sel ection for | ow body weight was rel axed.

Results presented in Paper VI showed that at hatch relative
asymmetry in comercial broiler parent |lines and crosses between
themwas different fromthat in Wite Leghorn chickens sel ected
for high or low response to SRBC. The relative asymetries of F;
crosses which would be the parents of commercial broilers were
not significantly |lower than their parental damlines.
Fluctuating asymetry for |ung weight was higher in sire |ines
than in the F, crosses and damlines. The results denonstrate
that the extremely high selection intensity in sire |ines reduced
their devel opnental stability.

I n concl usi on, norphological traits such as shanks and
primary wing feathers exhibited |lower relative asymmetries than
traits such as lungs; results of detecting genetic stresses hy
relative asymmetries were supported by those from heterosis and
het erophi | s/ | ynphocytes ratios; the relative asymmetry of
bilateral traits is a reliable indicator of devel opnental
stability.
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