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EXPERI MENTAL DESIGN IN CATTLE RESEARCH WHEN
RESOURCES ARE LI M TING

| NTRODUCTI ON
GW BLIGHT*

In conventional agrononic experiments with pasture or crops grown in plots
the cost per experimental unit is |ow conpared with, say, animal experinents.
The capital cost involved in establishing a well designed |arge-scale field trial
with cattle can easily exceed available resources. Consequently the replication
rates of paddocks and aninals per treatment may not be as high as we would Iike,
and the treatment responses we can expect to detect as statistically significant
in the experinent may be larger than desired.

Adequate replication rates (nunber of animals per treatment) are likely to
be attainable in grazing trials where, because of the nature of the treatnents,
all of the experinental animals graze a commopn pasture. However, in mlti-
paddock grazing trials such as stocking rate or pasture conparisons, where it is
the paddock which is the experinmental unit, cost often prohibits setting up the
necessary nunbers of paddocks of sufficient size. In this contract the papers by
Haydock, Duncalfe, Pepper and Mayer are concerned with the design of grazing
experiments where constraints on resources are limting opportunities to conduct
research; Seebeck's paper reviews the additional design requirements when body
conposition information, nmeasured at slaughter, is required from grazing
experiments. In the last paper of this contract O Rourke devel ops guidelines for
the design of survival feeding experinents in pens.

CONSEQUENCES ARI'SING WHEN THE DESIGN OF A GRAZI NG
TRIAL |'S NOT |DEAL

K. P. HAYDOCK**

Gazing trials can be very expensive requiring finance to (i) acquire
animals (ii) purchase and install fencing and watering points (iii) supply seed,

plant and establish pastures (iv) control |ivestock diseases and parasites
(v) build nustering yards and (vi) buy scales to weigh animals. Large resources
of land are required for even a sinple trial One often finds that in order to

fit in with budgetary constraints the size of a trial needs to be curtailed from
that which was considered ideal.

In this paper, nethods of size reduction are discussed together with some of
the consequences. Sonme suggestions are nade to obtain an estimate of error and
to aid the extrapolation of the results.

METHODS OF SIZE REDUCTI ON

(1) Herd size One conpromise is to reduce the herd size. A mininum herd size
generally Is considered to be three; any aberrant behaviour of one or two animals
may be detected by comparing the behaviour of the three. Single animal herds
have been used successfully (Yates et al. 1964 ; Bryan 1968; Jones 1982). It is
considered essential that the paddock sizes be small so that several animals are
in view of each other in order for behaviour patterns to be normal (Mannetje et
al. 1976). This approach is nore relevant where the primary objective is to
assess the effect of grazing on pastures. Wth single animals, any sickness can
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have a serious effect on animal production.

The reduction in paddock size will decrease the precision of the trial for
two reasons. Firstly, the variation between paddocks increases as the size of
the paddock decreases (Smith 1938; Hatheway and WIliams 1958). Secondly, the
variance of nmean |iveweight change/paddock increases as the nunber of
ani mal s/ paddock is reduced.

(ii) Reduced replication Another conpromise is to reduce the nunber of
replicates. This also reduces the precision of a treatment nean. In a region
which is variable with respect to factors affecting pasture growh, using a snall
number of replicates would give wide confidence linmits for a treatnent effect.
Restricting the region across which a trial is established would inprove
precision but would limt the applicability of the results. A preferable
procedure would be to develop a regression nodel relating the variate of
interest, e.g. liveweight gain or mlk yield/ ha, to the factors of the trial and
to growth factors associated with each paddock. Factors affecting growth which.
easily come to mind are rainfall (anount and pattern), tenperature (maxinmum and
mninum, soil noisture, botanical and chemical conposition of the pasture,
aspect of the paddock (northerly or southerly)) soil type and depth of soil.

Such a nodel is of inherent biological interest and would have general
applicability. In its sinplest formit ampbunts to a covariance adjustment for
diverse paddock effects. For this purpose we should note that pasture production
is affected by rainfall, tenperature, paddock aspect, soil noisture, soil type
and dept h. The dry weight of green material has been shown to affect |iveweight
change (WI1oughby 1959; Roe et al. 1959; Yates et al. 1964; Mannetje 1974).
Simlarly, chemcal conposition of a pasture is influenced by tenperature, soil
noi sture, botanical conposition and soil fertility (Andrew and Fergus 1976;
Ludl ow 1976) . Howard et al. (1962) showed that mineral composition of a pasture
was correlated with protein content. They used chenmical conposition to explain
the variation in animal production over seasons of the year. Thus, a sinple form
of the nodel suggested would involve only animal production, dry weight of green
material and protein content of the pasture.

A reduction in the size of an experiment also may be achieved by reducing
the replications of some treatnents. The greatest replication would be
mai ntained for the treatnent of npost interest. For exanple, if the purpose of a
trial was to determine the optinum stocking rate for a number of pastures, the
stocking rates initially judged to be near the optinum could have the nost
replication.

(1i1) No replication In any grazing trial there is a need for an unbiased
estimate of random error. A trial without replication usually would preclude the
estimation of an error term One exception is where a treatnent (say A) has
quantitative Ilevels. Provided three or nore levels are used, one can fit a
suitable response nodel to the levels of A e.g. linear. Othogonal polynonials
shoul d be used so that independent suns of squares for the parameters of the
model can be calculated. The deviation fromthe response nodel (pEv) may be used
as an estinate of error. If other factors are also being tested in the trial,
the error termcould be conposed of DEV and interactions of the form DEV X
factor, after testing for hormpgeneity.

Error degrees of freedom usually are few and they may be increased by
transforming the levels of the factor to linearize the response. In this way
only one degree of freedomis assigned to the factor A effect and any interaction
effects involving A wll be adequately tested. If a polynomial is not a
bi ol ogically neaningful nodel, one may fit an appropriate nodel to the response
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after determining the reality of any interactions,

For unreplicated grazing trials in which a paddock is the experinental unit,
an analysis of variance is possible using the variation between animals wthin
paddocks as an error term However, the effects of treatments and of paddocks
are confounded; also it is difficult to extrapolate the results to sone
popul ation as nost research workers would desire to do.

Unreplicated experinents wusually are used inthe early stages of an
i nvestigation. Exceptions to this were the work of Shaw (1961) and Shaw and
Mannetj e (1970). These workers conpared aninmal production from native pasture
with that from native pasture and Townsville lucerne with and without fertilizer.
Five fold increases in production/ha were obtained and the results were enhanced
by running the trial for seven years using replacenent aninals each year. There
is little doubt that the results were accepted as real because the change in
production was large, biologically meaningful and consistent over seven years
with different sanples of aninals. W night say that the magnitude of the
difference was greater than any which could arise by chance due to any
conceivable random effects of paddocks and animnals. Were the differences are
much smaller, the problem reduces to one of elimnating the confounding effects
of paddocks and of having an estimate of the underlying random error.

If the regression nodel relating animal production to environmental and
growth factors has been developed, it could be used to adjust animl production
for the confounded paddock effects. An estimate of error nust be conposed of two
conponents, one due to paddocks and one due to animals w thin paddocks. A
conponent due to paddocks night be estinmated by collecting information on the
variance conponent for paddocks from experiments reported in the literature and
from unpublished results. If these conponents have a narrow distribution one
could use with confidence their weighted mean as an estimte of paddock variance;
if they exhibit a wide range, their values mght be associated with paddock size,
as found by Smith (1938) for dry matter production of different crops. As well,
the paddock variance conmponents night be associated with soil type, region etc.
If this is the case, an estimate of the variance component for paddocks, for the

appropriate conditions of a particular trial, could be nade. A conponent of
variance for animals also should be estinmated. In this regard, the standard
devi ati ons/ ani nal for cunulative liveweight change, in lb/ac, for one year old

animals after periods of four weeks, produced by Haydock (1964) from data
gathered by the late M.c. Franklin, should prove useful.

Even if these efforts are successful in constructing an error variance,
there would be many research workers who would prefer to conpare treatments using
information based on genuine replication.

PADDOCK ROTATI ON AND REPLI CATI ON RATES
FOR DAIRY PRODUCTI ON EXPERI MENTS

F. DUNCALFE*
BACKGROUND

Thi s paper exanines the design of long-termdairy production experiments
in which paddocks, each of which is subjected to a specific pasture treatnent,

are grazed for a whole lactation by dairy cows. W show that the resource
requirements of such experinents are very large when the experinmental wunit is
taken to be the herd of animals and its associated paddock. In many cases the

* QDPl Bionetry Branch, Brisbhane, Qd 4001.
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requirements would linmit research opportunities.

In a typical experimental set-up, treatnents are assigned to paddocks and a
herd of lactating cows is allocated to each paddock. During the course of the
experiment each herd of cows has to be taken to the dairy, nilked and then
returned to the sane paddock. Measurements related to dairy production, such as
mlk production, butter fat yield and solids-not-fat, are made for each animal in
each herd. Herds of five cows are comonly used by QDPI officers to sinulate a
commercial herd, and to mininize possible within herd correlation. An experinent
designed to conpare eight treatnments, wth a mninal replication rate of two
paddocks per treatment, will have sixteen herds of animals to be handled twce
daily seven days a week for the duration of the experinent, Thus even ni ni nal
replication and a herd size of five produces an experiment with |arge labour
requi rements.

A nornmal management practice used by dairy farmers and also in some
experiments on irrigated inproved pastures, involves the rotation of a herd of
animal s sequentially through a series of paddocks. For exanple, with a rotation
sequence of one week in and three weeks out for each paddock in turn, a herd of
animls becomes associated with a set of four "sub-paddocks", each being one
quarter of the size of the original paddocks. Wile paddock rotation my involve
a lot of extra fencing and extra work in the planning stages, it offers a
reduction in size of the error mean square, and thus inproved power in
significance tests, through extra blocking and random zati on. For eight
treatments and four rotations, there are 32 sub-paddocks for each replicate. For
two replicates, rotational grazing involves blocking the 64 sub-paddocks into
ei ght honogeneous "sub-blocks", each of eight sub-paddocks. Since the sub-block
is one quarter of the size of blocks in an experiment without rotation, the
experimenter my be able to take advantage of the smaller size to create nore
uniform sub-blocks. In order to be able to block effectively, sonme know edge of
the expected productivity of different parts of the available land is required.
Even when such information is not available, the extra randonization in
allocating treatments to sub-paddocks will tend to remove the confounding between
treatnent and paddock effects. If the experimental area is conpletely uniform
no gain in power of significance tests would be achieved by rotation.

METHCDS AND RESULTS

& can use the estimates of paddock error variation from past experinents to
calculate the probability (power) of detecting significant differences between
treatments for a specified replication rate and true difference between
treatments. Three rotationally grazed randomized block experinents conducted at
Ayr in North Queensland, having 3 or 4 treatnents, 2 or 3 paddock replicates and
2 or 3 rotations have been studied in an attenpt to quantify the power of such
experinments. The approxi mate power when a 5% level significance test is applied
were calculated for a range of replication rates and true differences, for an
experiment with eight treatments and a herd size of five. The calculations were
based on Tang's tables (Kempthorne 1952). Coefficients of variation were
calculated from paddock nean squares for 12 week milk production data from these
experiments. The paddock mean squares are associated with only 3 or 4 degrees of
freedom and so power is poorly determined. Coefficients of variation ranged from
12% (1 2 week summer production) to 70% (12 week winter production) for the three
experiments, and these two values were used in the calculations of power.

our study suggests that unless the researcher is |ooking for gross
di fferences, he is wunlikely to be able to obtain reasonable power in his
significance tests. To achieve an 80% chance of detecting comercially inportant
differences in milk production (say 0.5 kg/cow day for inexpensive treatnents to
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1.5 kg/cow day for expensive treatnments), the necessary replication rates are
inmpractical (nore than five replicates). The conclusion that can be drawn is
that the cost of establishing experiments of the type considered in this paper is
extremely large; equally, the ongoing labour requirenents are likely to be beyond
avai l abl e resources. This is especially so for winter nmlk production, which is
an inportant subject of investigation. The lack of dairy grazing experinments
having sufficient replication to assure reasonable power is surely a consequence
of the factors discussed above.

The researcher often has to be content with an experiment without paddock
replication, particularly where a nunber of treatnents are proposed e.g.
factorials. The technique of rotation as described above renoves the confounding
of treatnments and paddocks, but does not provide a valid error termfor use in
treatment conparisons since the experimental unit is the herd and its associated

paddock. Investigation of data from available replicated grazing experinents
indicates that the animal error term provides a satisfactory approxination,
although the results are not conclusive. | consider that the design of dairy

grazing experiments needs to be the subject of further research.

REPLIcaTION RATES FOR GRAZI NG EXPERI MENTS W TH BEEF CATTLE
ON NATIVE PASTURES I N CENTRAL AND NORTH QUEENSLAND

P.M PEPPER* AND R.J. MAYER*

Cattle growth rate data fromtwo environnental ly diverse sites in north and
central Queensland (Nng and CQ  respectively) were analysed to deternmine suitable
replication rates for grazing experiments. For this purpose, probability tables
were derived which show the chance of detecting true differences between
treatment means; the probability values have been calculated for treatnent
differences within a size range considered to be of practical inportance.

MATERI ALS AND METHODS

At the NQ site near MIlaroo, there were three series of experiments which
included two series of supplenentary feeding experiments of randomised bl ock
design (5'or 6 treatments x 2 replicates) over 7 consecutive years, followed by a
uniformity trial on the same paddocks for 2 years. Each year a fresh draft of
Brahman cross steers grazed speargrass pasture growing on solodic soils and
uni form sands at .47, .43 or .33 beasts/ha, respectively, for the three series of

experinents. In the second year of the uniformity trial 10 of the paddocks,
being long and rectangular, were fenced in half and stocked at the sane rate (.33
beast/ha) as in the previous year. For all experinments each year was divided
into dry and wet seasons; average daily gain was calculated for these two periods
and the overall period. The dry period corresponds to the supplenmentation
period.

The CQ site is near Gayndah in the Burnett valley, on an open forest site
dominated by speargrass and forest bluegrass. A stocking rate experinent of 4
replicates x 3 stocking rates in a randoni zed bl ock design was conducted over 9
consecutive years at the sane site. Each year a new draft of Hereford weaners

grazed at the 3 rates (0.74, 1.24, 2.47 beasts/ha) during the active pasture
growi ng periods (Decenber-Muy).

In all experiments animals were allocated to paddock groups by stratified
random sation on the basis of fasted |iveweight. The effectiveness of this
strategy for controlling variation in growth rate was tested by analysis of

* (QDPI Biometry Branch, Brisbane 4001 and Toowoonba 4350, Qd, respectively.
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variance. . Simlar tests determned if grouping the paddocks into blocks could
increase precision by isolating variation from the experinmental error. For each
site, Bartlett's test for honogeneity of variances was used to determine if the
experinmental error could be pooled over years. Fromthe expectation of the mean
squares, the conponents of wvariance were calcul ated and Tang's tables were used
to determne the approximte probabilities (power) of detecting true treatnent
differences of various magnitude when using a 5% significance level test
(Kenpt horne 1952).

RESULTS AND DI SCUSSI ON

NQ site  Analyses of the first year's data of the uniformity trial, which used
the larger paddocks (30 ha) showed that contiguous paddocks grouped into blocks
only succeeded in isolating variation for the dry season. For the supplenmentary
feeding trials variation due to blocks on these sane 30 ha paddocks, was
significant in only 3 out of 21 analyses. Hence for experiments on these 30 ha
paddocks where the paddock is the experinental unit, a conpletely randon sed
design would be preferable; since the number of degrees of freedom for error
woul d be small, losing precious degrees of freedom with no conpensating reduction
in error nmean square would decrease the power of significance tests. In the
second year of the uniformity trial with the smaller 15 ha paddocks, bl ocks did
effectively isolate variation from the paddocks error variation because there was
a significant difference between the back and front halves of the 30 ha paddocks.

Because poor and good perform ng paddocks had been noticed in the
suppl ementation trials, the effect of choosing replicates on previous performnce
rather than position was investigated. The performance fromthe first year of
the uniformty trial was used to group the 30 ha paddocks into replicates. From
the analyses of the second years data, this did not prove to be a successful
strategy, as the sets of paddocks did not maintain their relativity across years.

Blocking animals on initial fasted weight was effective in reducing aninal
variation in only three of the 27 analyses at the NQ site, which indicates that
animals could have been allocated to paddocks conpletely at random

The paddocks variance conponents for the 30 ha paddocks fromthe first year
of the uniformity trial were sinmlar to those for the 15 ha paddocks in the
second year. The "all trials" estimates of paddock and animal conponents of
variance (Table 1) were calculated from mean squares pool ed over years of both
the supplenentation and uniformity trials. The "all trials" variance conmponents
were used to calculate power values given in later tables.

TABLE 1 Conponents of variance

Uniformty trial Al trials
paddocks (yr 1) paddocks (yr 2) paddocks ani mal s
dry season 3086 2366 1959 3597
wet season 2394 2148 1315 7614
overal | 1015 1007 740 2619

CQ site Variation. due to the replicates and animal blocks terms were not
significant in any of the nine analyses. Bartlett's test showed that the paddock
mean squares could be pooled over years; sinilarly the animal nean squares were
pool ed over years. Conponents of variance of 3453 for paddocks, and 5955 for
animals, were cal culated from nean squares pooled over the 9 analyses. The
paddock conponent is larger than the corresponding figure from NQ (1315) and may
be due to the much snaller paddock sizes. These were: 1.21, 2.430r 4.05 ha,
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depending on the stocking rate treatnent.

Both sites  For experinments where the paddock variation is the appropriate
error, such as stocking rate trials, approximate probabilities of detecting true
treatnent differences of various magnitudes in average daily gain are given in
Table 2. The probabilities are for an experiment of a random sed block design
with 6 treatnments.

TABLE 2 Approximte probabilities (%) of detecting true differences between
treatment means as significant (p=0.05)

No. of No. of True difference (average daily gain, kg/hd/day)
animals/ paddock NQ (wet season) CcQ
paddock replicates 1 .15 .2 1 .15 .2
5 2 33 61 83 22 42 64
3 54 87 98 38 68 90
4 69 95 99 49 82 97
10 2 42 73 92 25 47 69
3 67 94 99 42 74 92
4 81 o8 99.9 54 87 98

Increasing the number of aninmals does not have the same dramatic effect as

increasing the nunber of paddock replicates. Hence, smaller paddocks with 5
animals each are to be recormended in preference to larger paddocks with 10
ani mal s each. The nunber of replicates needed is deternmined by the size of true
treatnent differences which the experimenter considers neaningful and would Iike
to be able to detect as significant. Al though stratifying animals on initial
fasted |ivewei ght was not effective in the experinents considered here, it is a

reconmended precaution especially if there are only 5 aninals per paddock and an
ani mal needs to be renoved for any reason.

Probability estimates are given in Table 3 for experinents where the animal
carries the treatment with it and the animal wvariation is the appropriate
experinental error. Probabilities are calculated for two treatnments in a
conpl etely random zed design where all experimental animals graze together.

TABLE 3 Approximate probabilities (%) of detecting true differences between
treatment neans as significant (pP=0.05)

No. of True difference (average daily gain, kg/hd/day)

animals/ NQ dry NQ wet NQ overall cQ

treatment .05 1 .05 1 .05 1 .05 .1
10 43 93 - 67 54 98 30 81
20 72 99.5 43 94 84 99.9 52 98
30 87 99.9 58 99 95 99.9 68 99.3

The variation for animals was higher in the NQ wet season than in the dry
season and this is reflected in the |ower chance of detecting a true difference.
In experiments where the animal variation is the experinmental error there is
usually little problemin obtaining enough animals to give an acceptable chance
of detecting treatnment differences of a nmgnitude regarded as economcally
i nportant.
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CGUI DELINES FOR THE DESIGN OF EXPERI MENTS | NVOLVI NG MEASURENMENT
CF BODY COWPCSI TI ON

R M SEEBECK*
BACKGROUND

The design of body conposition experinents, incorporating the |atest
biometrical methods for expressing changes in body conposition, has been recently
discussed by Seebeck (1983). The present paper is intended to provide guidelines
for the design of experinments involving effects of some treatnent on aninal
production, where the primary aimis to give information on body weights and/or
economic returns, but where some subsidiary information is desired on body
conposition nmeasured at slaughter. Aspects of body conposition that may be
considered in this type of experiment include dressing percentage, yield of
saleable neat, dissected or chemical conposition of a sanple joint, conplete
dissection of a side, or even the proportions of the different grades of carcass.

Col lecting neaningful information at slaughter from experiments involving
growing stock requires much nore rigorous experinental designs than those where
information on live weights is the only requirenent. The main reason for this is
that the conposition of an animal changes with increase in size. Therefore any
difference in conposition that results from a treatment should be partitioned
between what was caused by a sinple weight difference and what was not. If this
is not done, nonsensical statements are often made, such as (when referring to an
experinment where all animals are slaughtered at the same time), "not only did
treatment A (e.g. the highest stocking rate) decrease the live weight of the
steers at the end of the period, but there were less first grade carcasses (or

they were less fat or whatever)". The second part of the statement may have been
just because they were smaller, or there may have been another effect operating
separately from the effect of size. A nore appropriate experiment and anal ysis

woul d have been able to clarify this point.

Al'though size is the major determnant of body conposition if one considers
animals over a reasonable part or all of their growing period, body conposition
is also affected by growth rate (Seebeck 1983), presumably minly by variation in
nutrient intake. In some cases, e.g. if the treatment is a hornonal one, one
should try to isolate the growth rate effect fromthe treatnent effect. In other
cases, the inclusion of a variate for growh rate may elinminate the significance
of the treatnment effect that appeared in an analysis wthout that inclusion.
This is, initself, a worthwhile conclusion.

DESI GNS AND ANALYSES

Gener al If probability values are required for treatnment differences in body
conposition, then both the design and statistical analysis have to be conpatible
with this desire. This requirenent means that the design includes variation in
size and possibly also growh rate and is such that it can be analysed by
regression techniques. O her statistical techniques, such as factor analysis,
while they nay better represent patterns of developnent, have limted
capabilities for conparing groups. To achieve a range in size unconfounded with

gromh rate, serial slaughter designs have to be used. These designs can be set
up by slaughtering groups of animals at a series of either weights or ages, the
latter necessitating that a rate of growth effect be renoved statistically to
enable estimation of development patterns in an unbiased form (Seebeck 1983).
Rermoval of the rate of growh effect is also desirable when slaughtering at a

= CSIRO Tropical Cattle Research Centre, Rockhanpton, Qd 4701.
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series of weights, because it is difficult to kill animals at exactly the sane
size, due to variation in gut fill, etc. (Seebeck 1983). The allocation of
animals to the slaughter groups nust be done on a random basis (preferably
stratified on the basis of initial live weights) before the start of the
experi ment.

It is suggested that a treatnent group should consist of at |least 10
animals, spread over at least 3 and preferably 5 slaughter groups. This will
give results that will be able to be partitioned into treatment, size and rate of
growth effects. If the treatnent is inposed at or near the start of the
slaughter programme, the treatment wll have a progressive effect and the
regression of conposition on size (and/or growh rate) will be expected to have
different slopes. The different slopes can be dealt with in the analysis by
conparison of regression line techniques, or in the general |east squares sense
by including treatment x covariate interactions.

Wth experiments involving an inposed treatnment(s), it is useful to know
what the conposition of each animal is at the start, so that the change in
conposition, adjusted for size and rate of growh for each animal, can be
det er mi ned. However, using such an initial slaughter group to calculate the
conposition of each other aninal is not very satisfactory, because the
calculation is only based on the average aninal. The aninals that would have
conprised the initial slaughter group are best slaughtered at a subsequent time
spread over the treatments and used to better define the treatment effects.

A nore useful strategy is to performone or nore in vivo estimtes of
conmposition on all animals at the start of the experiment (such as TOH
injection), slaughtering some of the animals then as an initial slaughter group,
and repeating the in vivo neasurenents on all other animals at least at the tinme
the individual is slaughtered. This type of information can greatly inprove the
precision of estimation of changes within an animal.

Using serial slaughter, rather than killing all animals at the same weight
or time, naturally decreases the information available from the experinent

directly concerning that particular weight or tine. However, with a good serial
slaughter design, the loss of accuracy is not very great and is conpensated for
by nore information at other weights or tines. If a specific weight or time is

of particular interest, there is nothing to stop the experinenter slaughtering
more animals at that point than at other points.

Pen experinments  Wth pen experiments, the use of serial slaughter reduces the
information on feed efficiency conparisons, because of the different tines that
the aninmals are on feed. Consequently, it is probably better to space the
sl aught er programme unequally, with an initial slaughter group and, say, as a
conprom se, slaughter at weights or times corresponding to 50, 75 and 100% of the
total experinmental period envisaged. Initial in vivo conposition estimates are
almost a necessity wth this type of experinent. For experinents that are
reasonably short, say of six months or less duration, the slaughter of the
animals may be better done on a weight gain or time basis rather than on a weight
basis. This is because the range of initial weights may be large conpared to the
wei ght gain over the experinment. However, the range of initial weights should
probabl y not be artificially restricted because the treatnent may  have
differential effects on animals of different initial weights.

Grazing experinments The major constraint on body conposition information from an
experiment with grazing animals is that slaughter of sone animals during the
experiment, as a consequence of serial slaughter, will change the grazing
pressure. This is of particular inportance if the experinment involves treatnents
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in different paddocks, such as a stocking rate experinment. The only practical
solution to this is to have a matching group of animals, nenmbers of which can be
brought in to maintain the grazing pressure. Such a scheme presupposes that

there are sufficient animals in a paddock that can be slaughtered at three (or
certainly a mnimmto two) different times or weights. To have any variation in
rate of growth at least two animals have to be killed at each point, so that the
mni mum nunber of animls per paddock is four. If other constraints put the
nunber at less than that, it would be better to forget any thought of doing body
conposi tion estimates.

Were paddocks are the experimental unit, as in stocking rate or pasture
evaluation trials, then the variation between paddocks treated alike is used as
the error for between treatment conparisons. Regression slopes, between
conposition and size and between conposition and rate of growth (if fitted) will
almost  certainly have to be estimated by pooling across replicates because of
limtations on degrees of freedom Howe v ebefore pooling across treatnents,
treatment differences in slope should be tested.

REPLI CATI ON RATES FOR SURVI VAL FEEDI NG EXPERI MENTS I N PENS
WTH WEANER BEEF CATTLE

P. K. O'ROURKE*

The contributions to total variance of |iveweight change fromreplicates,
pens , liveweight strata and aninmals have been collated from 12 survival feeding
experiments carried out in the pen conplex at Swan's Lagoon, north Queensland.
Reconmendations have been derived for the number of pens per treatnent and
animals per pen which give a high probability of significance for detecting a
specified difference between treatments. Quidelines for the design of survival
feeding experiments are devel oped.

MATERI ALS AND METHODS

Brahman  cross weaner steers aged 9-12 nonths were used in all 12

experiments. The nunber of animals, their nmean initial |iveweight and standard
deviation are summarised in Table 1. A low quality diet of either rice straw or
native pasture hay was fed daily and ad libitumon a pen basis. Experi ment s

conpared a range of nitrogen and energy supplenents w th an unsuppl enented
control group. The length of the feeding period and rate of change in |iveweight
for the control group are given in Table 1.

The pen conplex at Swan's Lagoon consists of 24 identical pens, each 6 mx
9m Experinments generally used a random zed block design with two replicates,
one on either side of a central laneway. The exceptions were Experiments 6 and
12with two and three replicates, respectively, in conpletely randonized designs.
For Experiments e6and 7 animals were allocated to pens conpletely at random

Stratified randonmization on initial l|ivewight was used for all others. I'n
Experinments 3, 4 and 7 the major stratification into heavy and [light aninmals
corresponded with pen replication; otherwise stratification was across all pens.
Four animals per pen were used except for Experinent 3 which used five. The

nunber of treatnents ranged from 3to 12 and may be inferred from the residual
pen degrees of freedomin Table 1.

Daily change in liveweight, calculated frominitial and final unfasted
liveweights, was analysed for each experiment to separate variation due to
treatnents, replicates, pens, liveweight strata and animals. Degrees of freedom

= (QDPl Bionetry Branch, Brisbane, Qd 4001.
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TABLE 1. Initial Iivewight (kg), control group average, residual pen and aninal
nmean squares for average daily gain (qg)

Initial Residual Residual
liveweight Pen Animal
(kg)
Expt. Control No
no. group of days Mean Mean
n Mean SD ADG (g) feeding DF Square DF Square
1 40 193 16.5 -127 126 4 4420 27 5020
2 24 206 19.6 77 63 2 2374 15 5929
3 100 190 20.8 -336 112 9 4839 71 5778
4 96 194 18.9 -283 112 11 8592 65 4586
5 80 190 16.0 -227 84 9 17385 57 8162
6 32 198 19.7 -434 120 4 11853 22 8076
7 64 163 21.8 -319 60 7 30597 46 14177
8 72 196 10.7 -407 71 8 9244 47 31572
9 80 208 16.3 -96 64 9 23301 57 29137
10 64 174 1.5 -206 57 7 47718 45 12038
11 72 215 16.6 -421 65 8 41385 50 35803
12 72 148 11.2 -273 65 12 27462 51 23625
Pooled 796 189 16.9 -261 83 90 20632 553 16111
Median 72 193 16.5 -280 68 - 14619 - 10100
Minimum 24 148 10.7 -434 57 - 2374 - 4586
Max imum 100 215 21.8 77 126 - 47718 - 35803
and nean squares for residual pen and animal ternms are given in Table 1. The

descriptive statistics pooled nmean, nedian, nininum and maxi num summarise the
data from individual experinents.

RESULTS AND DI SCUSSI ON

The randoni zed block design did not increase precision in that the replicate

effect was not significant (p>0.05) in any of the experinents. Hence, the
conpletely random zed design, which would also contribute extra error degrees of
freedom  should be preferred. A significant proportion (p<0.05) of the animal
variation in experiments 3, 4 and 10 was accounted for by |iveweight strata.
Thus stratification is a worthwhile precaution which involves little extra
effort. The residual pen term was significantly greater (p<0.05) than the

residual animal termfor Experiments 5 and 10.

Bartlett's test for hompgeneity of variances was applied across the 12
experiments. Both the residual pen mean squares and the residual animal nean
squares showed heterogeneity with chi-squared values of 23.2 and 147. 6,
respectively (p<0.05); however, the pooled nean squares provide the nost
appropriate basis for general reconmmendations on replication rates for future
survival feeding experiments in pens. Variance conponents of 16111 for aninals
and 1103 for pens have been estimated from the pool ed nean squares for use in
calculation of appropriate replication rates.

The procedure outlined by Cochran and Cox (1957) has been used to cal cul ate
the approxinmate probabilities (power) of detecting a significant difference
(P<0.05) between treatnent means for a specified true difference, nunber of pens
per treatnment and aninmals per pen, and error degrees of freedom Ten has been
used as a conservative and recommended mininum value for the error (residual pen)
degrees of freedom Probabilities have been set out in Table 2 for a range of
the other three paraneters. Al probabilities are much higher when the true
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TABLE 2 Approximate probabilities (%) of detecting a significant difference in
treatment neans for a range of true differences, nunbers of pen
replicates and numbers of animals per pen and using 10 for the residual
pen (error) degrees of freedom

True No. of pen
difference replicates No. of animals
(g/day)
2 3 4 5 10 20
100 2 13 17 21 25 38 52
3 18 25 31 36 55 71
4 24 32 40 47 68 83
200 2 45 60 7 78 93 98
3 63 78 87 92 98 100
4 76 89 94 97 100 100
difference is increased from 100 to 200 g/ day. Since the variance conponent for

animals is so much larger than that for pens, the major determinant of power is
the total number of animals per treatment; for a fixed total there is little
benefit in increasing the nunber of pens and reducing the nunber of animals per
pen. On the other hand, increasing the number of animals per pen and minimnising
the nunber of pens is likely to be nore cost efficient. However, this nust be
bal anced against the need to retain sufficient pen replication to generate a
m ni num of ten degrees of freedom for the residual pen term

The 12 experiments wused to generate the probabilities in Table 2 had
basically two replicate pens, each of four animals per treatnent. Hence, they
have probabilities of 21% and 71% of picking up differences between treatments of
100 and 200 g/day, respectively. The corresponding probabilities for four pens
with two animals in each, are 24%and 76%; this illustrates the marginal
advantage to be gained by maxinising the nunber of pens for a fixed total nunber
of animals.

Experinents 1-6 had feeding periods which were, on average, 39 days |onger

than those used in the nore recent experinents. In spite of sinilar handling,
type of animal, nean and standard deviation of initial |iveweights, the nmean
squares for rate of Iiveweight change during the feeding period were nuch |arger
for experinents 7-12. The variance conponents of 759 for pens and of 6131 for

animals, estimated fromthe pool ed nean squares for experinents 1-6, were |ower
than the corresponding variance conponents of 1122 and 24776 for experinents 7-
12. Hence, one <cost of a shorter feeding period could be markedly higher

variability, particularly for the animal conponent. Calculations simlar to
those presented in Table 2 could be repeated for variance conponents from any
i ndi vi dual experi ment. The lower probabilities of detecting specified

differences for experiments with shorter feeding periods need to be bal anced
agai nst the reduced cost, time and physical effort for shorter experinents.

In survival feeding experinents the residual pen termis the appropriate
estimate of experimental error. The potential exists to use animal variation as
the error term thereby taking advantage of higher error degrees of freedom The
opportunity to reduce costs by having only a single pen replicate of each

treatnent is also available. Nei ther of these approaches is recommended. Since
the pen conponent of variance is positive, to ignore it could lead to overstating
levels of significance. As well as this statistical consideration, the penis

the |ogical experinental unit in this type of experinment for other data, such as
feed intake, which is typically collected on a pen basis.
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CONCLUSI ONS
GW BLIGHT

If constraints on resources fix the nunber of replicates at what are thought
to be inadequate levels, there are two artificial ways to increase the power of
tests of significance of treatnment differences. Firstly, change the test e.g.
carry out 10%Ilevel tests instead of the traditional 5% (or 1%) level test of
signi ficance. Secondly, increase the size of the true treatnent difference that
we wish to be able to detect. Ot herwi se accept a reduced power, say 50%, rather
than a power figure of around 80% - the usually accepted figure.

Investigations of replication rates for grazing experinments with beef cattle
suggest that power is maxinmized for a given area of land and total nunmber of
animals if paddock group sizes are kept to a mininum (3-5 animal s) and the nunber
of paddocks per treatment increased. For survival feeding experinents in pens it
is the total nunber of animals per treatment which affects power and it is cost
efficient to increase the animal nunbers per treatment by having |arger pens;
two pens per treatnent was reconmended provided this was sufficient to give ten
degrees of freedom for the residual pen error term In pen experinents and multi-
paddock grazing experiments in |arge paddocks (30 ha) a conpletely randonm zed
| ayout of pens or paddocks is preferred to a randonized blocks layout; having
replicates in blocks was found to be inefficient and wasteful of precious error
degrees of freedom Blocking animals on initial weight classes was reconmended
for both pen and grazing experinents.

Were body composition information neasured at slaughter is required, the

ideal experiment wll probably never be done. In the face of conpeting
experimental requirenments, there are some good design principles that can be
followed to achieve the best conpromise. In particular, serial slaughter designs

should be used if a range in size unconfounded with growh rate is to be
achi eved.

with grazing experiments, a lack of uniformty amongst paddocks often is a
problem using animal unifornmity data at the design stage as a criterion for
assigning paddocks to blocks was shown to be ineffective in north Queensland.
There nay be an opportunity to use sinple regression nodels, relating animal
performance data to herbage quality and quantity covariates, to disentangle
confounded paddock and treatnment effects in wunreplicated (or inadequately
replicated) grazing experinents. There would still remain the difficult problem
of constructing an error variance. The devel opment of (i) regression nodels to
adjust animal production for the confounded paddock effects and (ii) nethods for
constructing an error variance, may be worthy of further research in the case of
dairy production experiments, where resource requirements rarely pernmt adequate
paddock replication rates. ‘

In concluding his address given at the last biennial conference, the
President of this Society affirmed that the conpetitive advantage in overseas
markets enjoyed by Australia's pastoral industry depended on |ow cost production

(from extensively grazed systens). Queensl| and's beef industry is based on
lightly stocked native pastures in central and northern environments - typical
| ow cost production systens. Good quality research aimed at inproving the
productivity and managenent of these native pastures is essential. Research in

whi ch conparisons are nmade between stocking rates or fertilizer levels or pasture
additives, requires adequately replicated experinments in multi-paddock |ayouts if
the results are to be statistically and scientifically acceptable.
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