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THE STATISTICAL ANALYSIS OF REPRODUCTI VE DATA FROM GRAZI NG EXPERI MENTS
| NTRODUCTI ON
P. K O ROURKE*

Research designed to inprove reproductive efficiency in cattle and sheep is
large in scale, covers several years and is expensive. Efficiency in
experimental design and data analysis requires the use of sophisticated and often
conplex statistical nethods. This contract reviews these nmethods, and describes
how t hey can maxim se the benefit fromresearch effort and their contribution to
practices readily adoptable by the producer.

Breeding systems have reproduction, survival and growth as interacting
conponents. Research projects may | ook at changes to the comrercial systemin
its environnental context or they may seek detail ed understanding and expl anation
of one component. The forner projects tend to be of sinple design and oriented
towards direct adoption by producers while the latter often use conpl ex designs
and neasurements to aid interpretation of basic principles. Data for statistical
analysis are of two types, continuous, as for liveweight, or categorical, as for
conception. Analysis of variance is traditionally used to anal yse continuous
data but nmethods of analysis for categorical data range fromuse of contingency
tables to analysis of variance and |og-linear nodelling. Unequal sub-class
nunbers conplicate each of these fornms of anal ysis through non-orthogonality and
problens in nodel selection.

This contract addresses the statistical analysis of reproductive data froma
broad perspective. O Rourke and Howitt introduce the initial steps of planning
and design which set up the analytical methods and scope for interpretation and
practical use of results fromthe research project. Rudder reviews nethods for
data recording, storage and managenent, which consume up to three-quarters of
analytical time. Mayer introduces |og-linear nodelling for categorical data and
conmpares this new nethod with the traditional use of analysis of variance.
Shepherd discusses nodel selection and the pitfalls involved in it. Finally,
McCosker considers extrapolation from research results to the conplete breeding
system and extension of these results for use by producers.

PLANNI NG AND DESI GN OF REPRODUCTI VE EXPERI MENTS
P.K O ROURKE AND C.J. HOWITT*

The planning and design of research projects is the initial step, dictating
the form of analysis, limts for interpretation of results and qualifiers for
extrapol ation. These aspects will be reviewed here.

PLANNI NG OF REPRODUCTI VE EXPERI MENTS

Reproductive data from grazing experinents have a wide range of potential
response variables but it is nost efficient to select a variable which gives the
best early indication of response. Breeder nortality, weaning rate and growth
rate of progeny are of nost consequence to the producer. However, they are
relatively insensitive response indices for research. Earlier and nore sensitive
indicators are conception, birth and survival to weaning, with conception being
the most critical of these. Lactating aninals are known to be capabl e of
conceiving and are nost susceptible to nutritional stress; hence, conception rate
anong | actating aninals provides the best early indication of response to a
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treatnent.

On extensive properties, cost, size and managenent may set limts on what
and how often neasurenents may be nade. Mistering may not be possible during the
wet season, during calving or lanbing or at other stressful times. costs of
conplete nusters may be prohibitive. Fencing may be insecure so that animals are
lost from their paddock or conceive outside the schedul ed breeding season. Data
on birth difficulties, date and weight at birth, date and cause of nortality and
abortion are frequently unavailable. Two nusters per year wth measurenent of
pregnancy status, lactation status, |iveweight and fleece weight (sheep) should
be considered mniml for breeders. Mistering efficiency should be adequate to
allow estimates of breeder nortality based on absence at two consecutive nusters.
Nunbers and weaning weight of progeny should also be obtained at nusters.

Background managenent options nust be conpatible with problem definition,
specific objectives for the research project and the target population. The
sel ection of continuous or seasonal joining ‘nust reflect the population to which
results will be extrapolated. Sinilarly, appropriate choices nust be mde for
weaning, culling and replacements. Each of these managenent options is likely to
interact with the response variables and so influence interpretation.
Alternatively, basic research may establish principles which need further
devel opnent and denonstration by extension officers before adoption by industry.

EXPERI MENTAL  DESI GN

The first issue in designis identification of the experimental unit as
ei ther the paddock, group or individual animal (Blight and Pepper 1982; Blight
1984). The animal may be considered as the experinental unit only when it
receives its treatment individually and perforns independently of other aninals
inits group. These conditions are often appropriate for reproductive
experiments conducted under commercial conditions. Aternatively, nutritional or
managenent experiments often have paddocks as the experimental unit.

Designs for reproductive experiments are sinple ones, such as randoni sed
block or conpletely random sed designs. Replication rates are required to yield
at least ten degrees of freedomfor the estinate of experinental error so that
tests of significance have adequate power to recognise as significant,
differences which are large enough to be of practical inportance. This is
probl ematical when paddocks are the experinental unit but easily achieved
otherwise. Methods to estimte the nunber of paddocks and animals per group are
given by Blight (1984). Wen the response variable is binary, as for conception
rate or nortality rate, large nunbers of animals are needed to identify
moderately sized differences as significant. For instance, if the conception
rate of a control group is 60%, 135 animals per group will be needed to have a 15
percentage point response significant at p<0.05 with probability 0.80.

Met hods used to allocate aninmals to paddocks and treatments nust be
conpatible with the objectives of the research project. Mxed ages of breeders
relate well to commercial practice, giving results of wide generality with little
added cost; but research with a single cohort provides easy interpretation.

Al location to groups is usually by stratified randonisation based on age,
lactation status, stage of pregnancy, body weight or fleece weight. These
criteria for stratification must be chosen so that either they will not interact
with the intended treatnents or their influence can be isolated and tested during
analysis. Stratification will only be nore efficient than conplete randoni sation
when it renoves a substantial proportion of the residual variation in the ngjor
response variables. Selection of replacements for dead, missing or culled

ani mal s should be specified as part of the allocation. In reproductive
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experiments the worst treatment is likely to have high nortality and | ow
conception and weaning rates, so that a high level of replacement is required.
This contrasts markedly with the needs of the best treatnent. Cear
specification of replacement policy, in line with the objectives and problem
definition, is necessary to cover these extrenes.

Reproductive experinments typically extend over at |east three breeding
cycles to sanple a range of seasons. Some treatnents only exhibit their
superiority under adverse seasonal conditions, while favourable rainfall during
the dry season will tend to elininate or mask other effects. As well as seasonal
factors, previous reproductive history, particularly recent lactation, wll
influence response, so that long term experiments are required. |If weaning rate
of previously lactating animals is the response variable, the animal's history is
required over the previous two years under the conditions ofsthe experinent.

Five years are required to collect data on three breeding cycles.

Contrasting exanpl es of nmajor reproductive experinents are given by Hol royd
et al. (1983) and McCosker (pers. comm.). Holroyd et al. conpared six treatnents
in four paddock replicates over 900 ha with a single group of 288 heifers. They
confounded age with seasonal effects over four years. Their experiment was run
at swan's Lagoon, which made possible close managenent and supervision of the
animal s and gave accurate records of births and deaths. Measurenments were nade
at nmonthly nusters. McCosker used ten paddocks and 900 breeders grazing 14000 ha
at Mt Bundey. Data were collected at nusters twice per year for five years.
Al'though it is difficult to achieve close herd managenent on conmerci al
properties in northern Australia, seasonal mting and weaning were achieved.

Repl acerment policy for these m xed-age herds was a conplex issue. Both
experiments related well to their objectives so that results could be
extrapolated to relevant sectors of the comrercial industry.

RECORDI NG, EDI TI NG AND STORI NG REPRODUCTI VE DATA
T.H RUDDER*

Many research workers and nost administrators under-estinmate the work and
noney needed to prepare sets of reproductive data for anal yses, and the tinme
taken by bionetricians to edit and correct data files that have been poorly
designed and edited. Experience has shown that bionetricians spend up to three
quarters of the time with a set of reproductive data coping with inconsistencies
in format and coding, and checking atypical data values with research workers.

Until recently, the bionetrician was the only nmenber of the research team
with access to conputing resources to thoroughly edit data. Therefore, there
were limtations to editing at the field level. During the past three to five
years microconputers with word processing and sort-merge capabilities have been
distributed to many research centres and this has given these research workers
the capacity to edit data thoroughly and present files in a format conpatible
with analytical needs. This paper discusses procedures designed to reduce the
tine spent in data managenment by both the research worker and the biometrician.

REQUI REMENTS FOR RECORDI NG SYSTEMS

Reproductive projects may involve the accunul ation of large quantities of
data over nany years. Data are collected to assist project decision making and
for statistical analysis. Miintaining large data collections requires data to be
assenbled in a logical and systenmatic manner.

*oppI Beef Cattle Husbandry Branch, Brisbane, Qd 4001.
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It is nost inportant that the systemused is conmpatible with the skills and
resources available at the field level. Generally, research workers have skills
and aptitudes biased towards the biological aspects of the experinents and have
limted skills or inclination towards use of conputers. Therefore, the system
nust be based on available user-friendly software packages.

The finished file nust give data in a form suitable for analysis.
Historically, biometricians have been involved in experimental design and
subsequently in analysis and interpretation of results, but have made very little
contribution to the design of data records. This aspect should be considered
before the project conmences by the bionetrician and research worker.

Finally, whatever systemis used it nust be well docunented and changes in
format and coding not made without adequate consultation. This is particularly
important in reproductive experinents because |arge nunbers of animals are
required to obtain reliable estinmates of treatnment effects and these nunbers are
usual ly accumulated by replication over years. In turn, this nmeans that records
may be kept by two or nore workers which frequently introduces discontinuity in
format and coding of the response variables.

RECORDI NG DATA

Historically, data have been recorded in a row and colum format in books or
‘loose sheets of paper. Mst research workers can relate to this approach,
therefore it seems preferable to base conputer files on it. It is a mistake to
try to fit either too much data, or unrelated data on one record and preferable
to maintain a nunber of smaller records. These smaller records can be merged
depending on the set of data being analysed.

There is a nunber of measurements that can be included in reproductive
studies and typical data include:

(i) Pedi gree records which contain all the unalterable information at birth,
plus details of the animal's survival to weaning, e.g. aninal
identification, dam and sire identification, breed, date of birth, sex,
birth weight, nultiple or single birth, natural or assisted birth.

(ii) Liveweight records.

(iii) Joining records which contain starting date of joining, period joined,
sire joined, joining method, pregnancy status and date tested, |actation
status, mating outcone.

(iv) M scel | aneous records, e.g. tick, worm e.p.g., blight, rectal tenperature
neasurenents, fleece weight, wool growth rate, fibre dianeter.

(v) Di sposal records that contain |ive weight, carcase weight, fat thickness,
reason for disposal.

The same categories can be successfully adopted for extensive field
projects. Uncontrolled mating situations and inconplete nusters can be
encountered resulting in nmissing data, and recording procedures for this and for
including replacement aninals are required.

After the format and content of the records have been determ ned the next
step is to plan data entry. Data collection sheets can be generated
automatically after the aninmal identification is recorded. Ideally, automatic
data capture units that would interface with a mcroconputer woul d be used, but
their general use seems to be some tine away at present.

Records shoul d be updated i mediately new information is collected because
errors, onissions and inconsistencies are nore easily detected and resol ved than
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at a later date. Inspection of records shows that many entries are comon to
groups of animals. Therefore, with a little planning, data entry can be
streamined. For exanple, starting date, period, sire and nmethod of joining are
common for groups of breeders. Mst word processing packages have adequate find
and replace functions to allow accurate entry of repetitive data.

EDI TI NG

Errors and inconsistencies in format and coding will always occur
irrespective of who enters data. The inportance of thorough editing cannot be
over-enphasised and is the responsibility of whoever collects the data. The
biometrician will mke numerous checks for apparently spurious val ues. However,
this way of finding errors is costly in terms of labour and conputi ng.

There is no general recipe for editing data that will substitute for
observation and conmonsense. Strategic sorting by treatment groups or other
unique categories can be used to aid detection of errors. Constraints can be set
in nost sort-nerge packages to isolate biologically inprobable occurrences, e.g.
liveweights outside predeternmined ranges, non-pregnant breeders being credited
with an offspring the follow ng year.

Wile every effort should be made to minimse mssing values, they will
occur. If the value can be logically and unanbi guously estimted and only a
smal | proportion of values is involved, the biologist could estimate the value,
e.g. a cow missing at pregnancy diagnosis and is at the next nuster with a calf.
M ssing |ivewei ghts should be recorded as nissing and dealt with by the
bi ometri ci an. Thi s subject should be discussed by the biologist and bionetrician
at the start of the research project.

STORI NG DATA

Research data are expensive to collect; therefore security and conplete use
of the information these data contain are inportant. Experinents involving
reproductive data usually extend over a number of years and contain information
not necessarily directly related to the inmediate objective. In some cases
subsequent experinents may have a comon link with previous ones |leading to the
opportunity to obtain extra information, e.g. heritability estimtes, data to
conpare analytical options, seasonal influences on productivity. M croconputer
disks are suitable for only short to mid term storage, and microconputers have
limtations for sorting and merging large data sets to produce analytical files.
Storage of data on a main-franme conputer is highly desirable for ease of data
mani pul ation to produce analytical files and for security of data.

There is limted information to assist the decision for the best means of
storing and retrieving biological data. The use of early database packages was
expensive in ternms of conputer and operator tine to update and retrieve files for
analyses and required a relatively high degree of programming skill. Conplete
testing of the current generation database packages is still needed to assess
their value for animal data. Wile data base packages have the potential to
streanline manipulation of large data sets, careful planning is needed with
regard to the choice of package and the staff needed to operate and maintain it.

Experience with reproductive and |iveweight data stored in a fixed format
has shown that this system can be used effectively. The nmmin advantages are that
updating and retrieval of subsets for anal yses can be inplenmented by novice
conputer operators. The nmjor disadvantage is that it uses storage space |ess
efficiently than free format.
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ANALYTI CAL METHODS FOR BI NARY RESPONSE DATA
D.G MAYER*

Revi ews of avail able analytical methods and conparisons between these are
not common, although Cox (1970) gives a theoretical overview  For sinpler
experinental designs, chi-square and other non-paranetric tests, and binonial and
Poi sson nodel s have been used, although results tend to be simlar to those from
the more widely used analytical nethods (Haseman and Kupper 1979). For nore
conpl ex experinmental designs, such as factorials, statistical nodels based on the
above distributions become difficult, and analytical techniques need to be nore
general i sed.

Anal ysi s of variance (ANOVA) is a comonly applied anal ytical nethod when
the experimental units are taken as cell proportions. The arc-sine
transformation (ASINE) can be used if some cell proportions tend towards 0 or 1.
For unequal cell nunbers, a weighted avova is required, with weights usually
being the nunber of observations in each cell. This method can encounter
problenms in obtaining adequate degrees of freedom for the error term

If the individual animal is taken as the experinental unit, anNova of the raw
bi nary data (raw.aN) has been proposed as a practical nethod of analysis,
provided certain precautions are observed (Lunney 1970, Harvey 1982). The long-
accepted rule is that where n and p are the nunber of observations and
proportion of success, respectively, in each cell both np and n(1- p) should be
greater than or equal to 5. Mre recently, Lunney (1970) has denonstrated the
i mportance of error degrees of freedom suggesting that if p |ies between 0.2 and
0.8, 20 degrees of freedomfor the error termare sufficient, but if plies
outside this range there should be at last 40 degrees of freedom  Subjecting raw
data to an anova has a nunber of advantages, such as ease of analysis and
interpretation, automatic weighting and high error degrees of freedom

The validity of this method of analysis is somewhat questionable, however,
as two of the assunptions of the anova are violated when binary data are
considered. The first is that the data are distributed normally. Binary data
have a two-point distribution, which is decidedly skewed when p is close to 0 or
1. The second is that treatnments have equal variances. Treatment variance is
p(1-p), which gives a maximumof 0.25 at p = 0.5 wth variance tending to 0 as p
tends to 0 or 1. GCenerally, violation of the first assunption results in the
met hod under-estimating the true level of significance, i.e., giving too many
significant results. Violation of the second assunption is nore inportant |eading
to loss of efficiency in estimtion and significance tests of treatnent
differences. Statistical nethods are available for partitioning the error
variance into honmpbgeneous conponents. However as this is not readily available
on nost anNova packages, it is seldomused. \Wen data which violate one or nore
of the underlying assunptions are subjected to aNova, it is general practice to
regard the significance levels as approximate only. However, as ANOVA is quite
robust with respect to departures fromthe assunptions of normality and equal
vari ance (Boneau 1960; Lunney 1970), this approximtion my be quite good.

Mre recently, generalised |inear nodels using logits (LOGIT) have energed
as a nethod of analysing binary response data (Fienberg 1980). This approach
involves an iterative weighted regression technique using binomal error and the
logit link, as found in GENSTAT and GLIM (Baker and Nelder 1978). A series of
main effects and interactions is fitted, up to the saturated nodel where the
hi ghest-order interaction is involved. This produces an analysis of deviance

*oDPI Bionetry Branch, Brisbane, Qd 4001.
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tabl e, where the deviance of each termis distributed approximtely as a chi-
square variable. The main advantages of logit nodels are that the neans are
constrained to the range O, and partitioning of treatment and interaction
effects in factorial experinents is easy. One feature of-this successive nodel
fitting method is that, as with non-orthogonal anova, the significance levels of
the treatnments alter with the order in which they are fitted.

COVPARI SONS OF ANALYTI CAL TECHNI QUES

Two neasures can be used to conpare anal ytical nethods, nanely power and
significance levels. The power of a test is the probability of rejection of the
null hypothesis, and can only be cal cul ated when the extent of departure fromthe
nul | hypothesis is known, such as in Mnte Carlo sinulations with defined
treatment effects. The level of significance of each test can be conpared for
either real or simulated data. Several Mnte Carlo sinulation studies have
denonstrated the superiority of LoGcIT and rRaw.aN over other methods, with little
difference between the former two (Butcher and Kenp 1974; Levy and Narula 1977).

The data used in this conparison came fromfour factorial experiments with
reproductive data. These contributed 16 main effect and interaction terms, and
were anal ysed by 1oGiT, RAW.AN, ASINE, and anNova of cell proportions and Freeman-
Tukey arc-sine transformed cell proportions. The last two nethods gave results
which were sinmilar, but slightly inferior, to asiNg, and these nmethods are
omtted from further discussion. As LoGIT is theoretically the best method, it
was chosen as the 'standard'. It identified nine terms with significance levels
|ess than 0.20. These are listed in Table 1, which also includes the nean
absol ute departure (MAD) fromthe logit regression significance levels, and the
correlation coefficient (r) against the logit significance |evels.

Table 1 Significance levels (P) of the test statistics, nmean absol ute departure
and correlation with logit significance levels, for P (logit) < 0.20

Method Term MAD r

1 2 3 4 5 6 7 8 9
Logit model .035 .074 .000 .001 .000 .000 .017 .000 .000 - -
ANOVA (raw data) .053 .076 .000 .000 .000 .000 .000 .077 .026 .016 611
ANOVA (ASINE) .184 .071 .000 .137 .044 .023 .023 .045 .098 .056 <272

As is evident in Table 1, rRaw.aN had far better correspondence with LoGIT
than did asINE in the region of npbst interest (P < 0.20). Performance in the
region P> 0.20 was sinmilar for LoGIT, RAW.AN and ASINE, Wi th average
significance levels of 0.643, 0.668 and 0.692, respectively. Conpared wth
LOGIT, RAW.AN had a narginally |ower MAD than ASINE (0.117 vs 0.138,
respectively) and simlar correlation coefficient (0.775 vs 0.738).

Wil st the 16 terns presented above may seema relatively snall sanple, a
simlar study on binary data from7 horticultural trials investigated a further
26 terms. These showed similar results for the overall treatnent test statistic,
narmely close agreement between LocIT and Raw.AN. Hence, the prelininary aNova
often used to deternine the correct order of inclusion of terms in the logit
model may, under nost conditions, be an acceptable approximte analysis.
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SELECTI ON OF STATI STI CAL MODELS FOR REPRODUCTI VE DATA

R K. SHEPHERD*
Sel ecting nodel s for reproductive data is not straightforward when the
nunber of animals in each subclass is unequal. The unbalanced data cause |ack of
i ndependence between the terms in any statistical nodel. This lack of

orthogonality is discussed here, with the conpanion issues of parsinmony, nunber
of possible nodels, hierarchical nmodels, marginality and nodel selection nethods.
The issues are illustrated in an exanple for both | east squares and logit nodels.
Conputer programs for fitting these nodels are discussed.

PROPERTI ES OF A STATI STI CAL MODEL

Statistical analysis of reproductive data aims to construct a nodel of the
response variable (e.g. conception) in ternms of explanatory variables. The
expl anatory variabl es may be design variables, such as treatment, or
observational variables, such as sex of calf.

The nodel provides fitted values for each observed val ue of the response
variable by mninmsing some criterion like the residual sumof squares, which is
the goodness of fit criterion for |east squares nodels. For logit nmobdels the
goodness of fit criterion is called the deviance. A conplicated nmodel involving
| arge nunbers of paraneters always fits the data nmore closely than a sinpler
nmodel containing a subset of those parameters. However the sinpler nodel is
often preferred as a better summary if it excludes unnecessary paraneters but
still fits the data reasonably well. Such a model is called parsinonious and is
nore useful as it allows the researcher to think nore clearly about the data and
provides better predictions.

The nunber of possible nodels increases as the nunmber of explanatory
variables increases. For exanple, with three factors there are nine hierarchical
model s in which all main effect terms are included while for four factors there
are 113 such models. Hierarchical nmodels are constructed using the marginality
principle (Nelder 1982). For four factors a,B,c and D, the principle requires
the main effects A and B to be included in any nodel containing the aB
interaction term and it also requires terns for a,B8,c, AB, AC and BC to be
included in any model containing the three factor interaction ABC

Selection of terms to be included in | east squares nodels is not a problem
when the number of animals in a subclass is equal as the resulting statistical
analysis has the property of orthogonality. This guarantees the independence of
the various terns of the analysis of variance and provides a sinple arithnetic
nmet hod for the calculation of the sumof squares for the effect of each term
Wth unequal sub-class nunbers, these properties do not hold. For exanple, the
effect of age group on conception rate in a non-orthogonal analysis of variance
woul d depend on the presence or absence of terms |ike year and genotype in the
model .  Hence in the analysis it should be stated clearly whether the effect of
each termis adjusted for all, sone or none of the other terns in the nodel. Two
common net hods used in conputer programs are the "elinminating all other terns"
met hod and the "ordered sequential fitting" method. The first method adjusts
each term for all other terms in the model. In fitting ordered sequences of
terns, a termis only adjusted for preceding terns in the sequence. There is
some controversy in the literature (Nelder 1982) regardi ng which adjusted terns
should be used in a non-orthogonal analysis of variance.

*opPI Biometry Branch, Townsville, Qd 4810.
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As a result of the non-orthogonality, the non-significant terns inflate the
variances of other terns, and so should not be selected in the final nodel.
However marginality nust be taken into account when del eting non-significant
terns. For exanple, if the ABinteraction is significant then the A and B nmain
effects nmust remain in the nodel regardless of their significance.

MODEL SELECTI ON METHODS

The "best" nodel will contain a balance between goodness of fit and
parsinony. One method of finding the "best" nodel is to fit all possible nodels
and on the basis of goodness of fit and parsinony, choose the "best" one. This
method is usually not used as it requires too much conputer tine. There is no

alternative method for selecting the "best"™ nodel. McCullagh and Nel der (1983)
di scuss a stepwise regression nethod which conbines forward selection and
backward elimnation of terns in the nodel. Wth forward selection, the best

unsel ected termsatisfying a criterion is included next until no nore such terns
remain. Backward elimnation begins with all the terms and del etes the worst
ones from the nmodel until all remaining terns are necessary. Two other nethods
are Brown's nethod of calculating two test statistics for each term and the

nmet hod of standard paraneter estimates for the full nodel including all terns
(Fienberg 1980). All these nethods will determine a nodel but there is no
guarantee that it will be the "best". |In practice, I use a stepwise nethod which
uses forward selection followed by backward elimnation while adhering to the
principle of marginality. The procedure is not precise but allows for perception
and imagination during the nodelling process. In fact, McCullagh and Nel der
(1983) state that nodelling renains, partly at least, an art.

COVWPUTER  PROGRAMS

Most conputer prograns for analysis of data with unequal sub-class nunbers
do not incorporate automatic procedures for nodel selection. Rather they will
fit the sequence of nodels requested by the user. The program GLI M (Baker and
Nel der 1978) is ideal for evaluating the fit of various |east squares or 1logit
model s.  The Queensl and Department of Primary Industries has a nodified version
of program HARVEY (Harvey 1968) which fits |east squares nodels, evaluates
adjusted means and perfornms protected t-tests. Model selection for |east squares
analyses is easier using GLIM than HARVEY. O her conputer packages which can be
used include CGENSTAT, SAS, BMDP and SPSS. Wen interpreting the results, it is
important to know how t he conputer package constructs the analysis of variance or
the analysis of deviance table.

EXAVPLE

A study was conducted between 1977 and 1983 on the conception rate of 458
Bos indicus cross cows on swan's Lagoon. Al cows were at |east four years old
and were lactating at the start of mating. Conception rate was anal ysed by
codi ng established pregnancy as 1 and non-pregnant as 0 for each cow.  The four
explanatory factors were year of mating, genotype, tine of calving pre-mating
(nonth) and whether a calf was weaned |ast season. A stepwise nethod was used to
select terms for inclusion in both the logit nmbdel and the |east squares nodel of
the binary response variable.

The chosen nodel s are shown in Table 1 with the uninteresting main effects
of year, genotype and weaning omtted. The mean squares for month of cal ving and

the two interactions were adjusted for all other terms in each nodel. The three
factor interaction, year by weaning by nonth, was significant (P = 0.045) in the
| east squares nodel. It was excluded fromthe chosen nodel as the significance

was marginal and no two factor interaction involving these factors was

73



Proc. Aust. Soc. Anim. Prod. Vol. 16

signif icant. The significance of each termin the logit nodel is given by its
deviance which is distributed approximately as a chi-square. The three factor
interaction, year by weaning by nonth, was not significant (P = 0.25).

Table 1 Least squares and logit anal ysis of conception rate

Source d.f. M.S. (least sguares) Deviance (logit)
Month 2 1.8 ** 20.6 **
Year x Genotype 6 0.68 ** (P = .001) 22.5 ** (p = .001)
Genotype x Weaning 1 0.77 * (P = .04) 4.2 * (P = .04)
Residual 440 - 0.18 481

The two nodels gave sinilar predicted conception rates. For the genotype by
weaning table these were:

Brahman Sahi wal
Weaned Not weaned Weaned Not weaned
| east squares 72% 53% 43% 43%
logit 80% 57% 41% 39%

A problemw th the |east squares mbdel was the finite (O|) range of the
probability of conception. O the 458 cows, 25 had an estimated probability of
conception greater than one using the chosen |east squares nodel. Fitting a
logit nmodel is an iterative process which requires considerably nore conputer
tinme than fitting a least squares nodel, For exanple, seven times nore conputer
tinme on a CYBER 76 was required to select the logit nodel than was required for
the least squares nodel. This cost needs to be taken into account when choosing
a selection method and bal anced against the cost of collecting the data.

| NTERPRETATI ON  AND EXTENSI ON OF RESULTS
T. H McCOSKER*

Experiments are designed so that their results apply to a target population,
but conclusions are generally extended in a wider context. Interpretation of
results is dependent upon several factors which include the experinental design,
frequency and precision of data collection, and anount of data available for
analysis. Statistical principles set confidence linits on results and help
ensure that biologically inportant and practical sized differences reach
reasonable levels of statistical significance.

Effective extension is dependent upon the differences between the research
property and the recipient property in managenent, clinmate, soils, phenotypes
used and nutrition and also on the attitude of the extension officer. Results
from experiments conducted in a comrercial environment with managenent options
aligned with those of industry are nore readily adopted by producers.

*Resource Consulting Services Pty Ltd, Darwin, NT. 5794,
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| NTERPRETATI ON

Grazing experiments are usually large, which |eads to the problem of paddock
variability. In the dry tropics, a low stocking rate increases the probability
of paddock variability, whereas, in tenperate regions, very high stocking rates
have a sinilar inpact. The effect of paddock variability may be reduced by stock
rotation, by increasing the nunber of replicates, or by running the paddocks
without treatments for a period. These renedies, however, are not always
possible due to the trial design or treatments, physical, financial and tinme
constraints. A large data base combining data fromseveral years for a large
nunber of animals |eads to more confidence in the results, especially if the
scale of operation and managenent are conpatible between research and producer.

Interpretation is constrained by both experinental design and managenent.
Interpretation of results fromexperiments using atypical management practices is
very narrow, and in a conmercial sense may be invalid. Mnagement factors such
as mating policy, weaning, culling, replacenent policy, mustering techniques and
nutrition need to be carefully considered in an experinent to bal ance the
conflict between the requirements of an experiment or design and the industry
practice. For exanple, it is simpler to interpret reproductive data froma
controlled mated systemand therefore nost experiments are conducted on that
basi s, but extensive livestock producers rarely have nmating control.

Extrapol ation from experinments with 60-90 day mating periods is of particular
concern here. This type of conflict |eads to problems with extension of
experimental data into a different set of management circunstances.

Data such as conception, survival and weaning weight and rate need to be
interpreted collectively and economically. A high conception rate neans little
if there are heavy | osses of foetuses or offspring between conception and point
of sale. An inproved weaning rate is of little use if coupled with higher dam
loss, low weaning weight and higher weaner nortality. A high survival rate does
little for profitability if associated with |ow reproductive rates. In the
extensive livestock industries, where poor nutrition and poor husbandry are
frequently the norm a gain in one paraneter usually means |oss in another. For
instance, weaning in north Australia has increased branding rate but it also
increased nortality and |owered |iveweight gain of the calf (McCosker et al.
1984). A productivity index, such as weaner weight per breeder mated, could be
appropriate to integrate these conpeting conponents of reproductive response. |t
nust always be borne in mnd that the purpose of inproving reproductive
performance is to sell nore neat. or wool and inprove a property% gross nargin.

EXTENSI ON

Extension of experinental results falls into two conceptual areas. The
first is to recoomend a researched practice in such a way that the producer
expects to achieve results sinilar to those on the research station. The second
approach is to recommend the principle of a practice with the expectation that it
will inprove a producer's situation to a degree unknown. Neither approach
provi des a producer wth objective biological and financial decision-making data.
Bot h approaches are limted by the individual and interactive effects that
different management and nutritional regimes have. Stage of property devel opment
interns of both range and herd nanagement inposes a further constraint upon the
application of new techni ques (McCosker et al. 1982).

There are several exanples in the extensive beef industry which illustrate
the inportance of interactions which occur in the practical setting, but which
are not always quantified by research. On Mt Bundey Station, results showed that
with controlled mating, non-weaning gave a 50 kg/head advantage to two year old
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of fspring nmass per breeder over weaning on the sane plane of nutrition.

Uncontrol l ed mating plus weaning gave hi gher weaning wei ghts and rates than
controlled mating plus weaning (20 kg two-year offspring mass per breeder). The
point here is that if one were doing a nutrition experiment, then the results
would differ with management regines, certainly in absolute if not relative
terns. A second exanple of extension pitfalls arises from conbining uncontrolled
mating, a single weaning tinme and Bos indicus breeders. \aning has led to
cycling in the dry season, which has led to an out of season calf, resulting in
snal | er unweanable cal ves at weaning tine and higher breeder nortalities a year
|ater (D.G Robertson, pers. comm.).

Tayl or and Rudder (1982; 1984) investigated, through herd nodelling, the
long termeffects of technol ogi cal change on breeder herds, and increased drought
susceptibility from yearling heifer mating. This has shown the value of herd
nodelling as a tool to better understand the biology and interactions which occur
within a breeding unit. Dynamic herd nodelling can act as the missing link
between an experinent and an extension situation. However, this approach is
limted by the scarcity of suitable data from uncontrolled mating.

The use of npbdels in reproductive research and extension can occur at two
levels. Firstly, there is a need for researchers and extension personnel to
nmodel experinental result's with various assunptions to firnmy establish the
principles involved. This approach has been illustrated by the work of Baker et
al . (u983). Secondly, there is need for extension officers to use models to
devel op packaged recomendations in conjunction with producers at an individual
property level (Lishman et al. 1984).

Mbdel ling alternatives at the property |evel can overcome several of the
probl enms which occur at that level. Firstly, differences in nmanagement systens
and competency can be accounted for. For exanple, it is quite probable that
there are practices which would not be recormended to an inconmpetent nanager.
Secondly, allowance could be made for changes in scale of operation. Research
groups may conprise from4 to 100 individuals, while comercial groups could
range from 50 to 5,000. Larger herds or flocks introduce biol ogical
i nefficiencies which are generally not measured in experinents, e.g. mis-
not hering due to handling |arge mobs, higher stress, |onger periods without feed
and water, and greater walking distances. Thirdly, while an extension officer is
working with a manager, the problem of different definitions can be resolved.
Finally, it would be useful to the producer if the researcher or his extension
col | eague published results and recommendations in both the scientific and
popul ar rural nmedia, with the latter using industry |anguage and definitions.

SUMVARY AND CONCLUSI ONS
P. K. O ROURKE

Researchers contenplating the planning, design, analysis or interpretation
of large scale reproductive research projects shoul d seek assistance from an
experienced biometrician at each of these stages. Measurenment of conception rate
for lactating aninmals provides the nmost efficient, early indication of response
to a treatment. Issues in experinmental design are conplex and include
specification of the experimental unit, replication rate, nmethod of allocation
and policy on replacenents.

Met hods of data measurement, recording, storage and managenent can now be
largely automated through conputers, but the researcher retains responsibility
for their accuracy and efficiency. Data base packages are available for large
scal e reproductive experiments to produce tinely sunmaries and to retrieve data
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for statistical analysis.

Logit analysis is a newer, nore rigorous analytical nethod than analysis of
variance for the binary response variables from reproductive experiments. The
simlarity of probability levels fromthese two forns of analysis denonstrates
once again the robustness of analysis of variance even when its major assunptions
are violated with binary data. There is no best nethod for nodel selection, so
gui dance is required froman experienced anal yst to take into account issues such
as non-orthogonality, nodel parsinony, marginality and features of the computer
program  The anal yst often must show some perception and imagination in fitting
model s.  Prelimnary model reduction for large sets of binary reproductive data
using least squares analysis of variance through GLIM is recomended. Further
refinements can then be made, if considered necessary, by fitting the selected
nodel using logit analysis. This conclusion and recommendati on was al so reached
by Nicholls and Tyrrell (1980).

Researchers and their col |l aborating extension officers nust be nindful of
the use to which their results can be put by a whol e range of producers whose
managenent regimes and conpetency vary, whose property devel opnent varies and
whose physical resources and objectives vary, Reproductive experinents should be
designed to provide basic data for nodelling and to validate mbdels as well as
for the traditional hypothesis testing objectives. Extension of results from
reproductive experiments is dangerous due to varying nanagement regines,
nutritional levels, physical resources and definitions. Use of dynanic herd
nodel s is a way of honing extension recomrendations to individual property needs.

REFERENCES

BAKER, R J., and NELDER, J.A. (1978). The Glim system Release 3, Ceneralized
|inear interactive nodelling. Oxford: Nunerical Algorithnms G oup.

BAKER, J.F., SMTH, G.M. and CARTWRIGHT, T.C. (1983). J. Anim Sci. 57: 144,

BLI GHT, G.w. (1984). Proc. Aust. Soc. Anim Prod. 15: 52. -

BLI GHT, G.w. and PEPPER P.M (1982). Proc. Aust. Soc. Anim Prod. 14: 297.

BONEAU, C A (1960). psychol. Bull. 57. 49 -

BUTCHER, D.F. and KEMP, X.E. (1974). "AEppl. Stat. 23: 190.

COX, D.R (1970). In "analysis of Binary Data . <(Methuen: London).

FIENBERG S.E. (1980). In *"Analysis of Cross-classified Categorical Data". 2nd
ed. (M7 PRESS: Canbridge, Massachusetts).

HARVEY, WR. (1968). In "Instructions for Use of Least Squares and Maxi num
Li kel i hood General Purpose Progranf. (Chio State University: Colunbus).

HARVEY, Ww.R. (1982). J. Anim_ Sci. 54: 1067.

HASEMAN, J.K. and KUPPER, L.L.(1979). Bionetrics 35: 281.

HOLROYD, R.G., O ROURKE, P.X., CLARKE, MR and roxTon, |.D. (1983). Aust. J.
Exp. Agric. Anim Hush. 23: 4.

LEVY, K J. and NARULA, S.C (7977). J. Statist. Comput. Simul. 5= 239

LI SHVAN, A W, PATERSON, A.¢. and BEGHIN, S'M (1984). s. Afr. J. Anim Sci. 14:
164.

LUNNEY, G.H. (1970). J.__Ed. Meas. 7:_263.

McCOSKER, T.H., EMERSON, C A and GERRARD, A.E. (1982). Proc. Aust. Soc. Anim
Prod. 14: 333.

McCOSKER, T.H., EGANGTON, AR and DOYLE, F.W (1984). pProc. Aust. Soc. Anim
Prod. _15: 452.

McCULLAGH, P. and NELDER, J.A (1983). In "Generalized linear nodels" (Chapman
and Hall: London).

NELDER, J.A (982). Uilitas Mathematica 21B: 141.

NICHOLLS, P.J. and TYRRELL, R N. (1980). Proc. Aust. Soc. Anim Prod. 13: 337.

TAYLOR, W.J. and RUDDER, T.H (1982). Proc. Aust. Soc. Anim Prod. 14: 261.

TAYLOR, W.g. and RUDDER, T.H (1984). ©Proc. Aust. Soc. Anim Prod. 75: 62o0.

77



	ASAP Home
	TOC Vol 16

