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ABSTRACT

Havstad, K.M. and Olson-Rutz, K.M., 1991. Sample size determinations for studying sclected cattle
foraging behaviors. Appl. Anim. Behav. Sci., 30: 17-26.

Experimentation on livestock foraging behaviors under frec-ranging conditions is frequently con-
strained by few experimental units (animals). Effective research designs require knowledge of ex-
pected sampling variability, but this information relative to range foraging behaviors is lacking. Six-
leen 5-year-old range beef cows were used 1o estimate daily grazing time (DGT) and fecal output
(percentage of body weight, FOBW) for 46 consecutive days during a winter grazing scason. Esti-
mates of components of variability associated with cows, days. and theoretical treatment cffects were
constructed from these data. Implied sample size requirements for a half-confidence-width < 10% of
the mean and a Type | significance level of 0.05 were 7 and 9 cows for DGT and FOBW, respectively,
with day as a fixed cffect. For day as a random effect, implicd sample sizes were 5 days and 5 animals
for DGT. and 5 days and 9 animals for FOBW. Variability among animals was greater when estimat-
ing FOBW than for DGT cstimates. Dctecting differences between two treatments sampled over 5
days with Type | and Type 2 probabilities of 0.05 and 0. 10. respectively, implied sample sizes of five
and > 20 cows for DGT and FOBW estimates, respectively. In general, these data indicated that < S
animals was insufficient and > 20 was excessive, These sample size estimates were obtained from a
relatively uniform set of animals grazing a uniform quality and quantity of forage. Estimates of N
would have been greater under more variable experimental conditions. Given constraints of statistics
and the logistics of range nutrition experimentation. unless sample size requirements can be satisfied
it may not be appropriate to examine certain qucstions with current experimental mcthodologics.

INTRODUCTION

Hypotheses tests of herbivore foraging traits under free-ranging conditions
are frequently restricted by limited experimental units. Yet, the precision of
estimated mean population characteristics partially relies on adequate sam-
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ple numbers. Sample size requirements are dictated by population variance
and the desired precision of estimation. Estimates of the former may be ob-
tained from published information or preliminary experiments. The latter are
selected by the investigator. Generally, the criteria of cost, accepted practice,
and availability of experimental units dictate sampling procedures
(Berndtson, 1989). Prior knowledge of sample size required to obtain a de-
sired degree of precision can clarify requirements of experimental design and
reveal potential limitations of data interpretation.

Methods of determining daily grazing time (DGT) and fecal output (per-
centage of body weight, FOBW) of beef cows grazing winter rangeland in
Montana, U.S.A., are presented. Sensitivities of mean estimates and detecta-
ble differences of DGT and FOBW to animal numbers and variance compo-
nents are identified.

ANIMALS, MATERIALS AND METHODS

Daily grazing time and FOBW were estimated as part of an ongoing winter
grazing study (Beverlin et al., 1989) at the Red Bluff Research Ranch, Nor-
ris, MT, operated by the Montana Agricultural Experiment Station. Sixteen
S-year-old pregnant Angusx Hereford or Tarentaise cows (525-575 kg)
grazed a 324-ha perennial grassland range from 2 December 1986 to 28 Feb-
ruary 1987. The study area was 65% grasses (principally dominated by
Agropyron spicatum, Stipa comata, Festuca idahoensis and Elymus cinerius)
and 35% forb and woody species (Ross and Hunter, 1976). Elevations range
from 1400 to 1900 m with average annual precipitation ranging from 350 to
406 mm (Ross and Hunter, 1976). Dominant southwest winds remove snow
and expose forage throughout winter. The study site is described further in
Ross and Hunter (1976).

The cows grazed native range for 6 months before the trial. They received
no winter supplements but had access to mineral salt. Each cow was fitted
with a vibracorder (Stobbs, 1970) to collect DGT from 8 January to 26 Feb-
ruary 1987. Charts were changed weekly. Grazing time within the intervals
07:01-13:00, 13:01-19:00 and 19:01-07:00 h were rounded to 15 min and
recorded. Interval times were summed to estimate DGT.

Fecal output was estimated daily for each cow from 11 January to 26 Feb-
ruary 1987 using a Cr,0; dilution technique (Raleigh et al., 1980). All 16
cows were bolused with 10 g Cr,O; and rectal fecal grab samples were col-
lected daily. Daily fecal output (FO) per day was estimated from rectal grab
samples based on the following equation: g FO day~'= [ (g Cr,0; fed day—')/
(Cr;05(%) in dry fecal sample) ]. Rectal grab samples were adjusted individ-
ually based on FO from total fecal collections collected from each cow for 4
consecutive days in both January and February. Cows were weighed twice
weekly.
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Means and variance components of cows, days, and error for both DGT
and FOBW were estimated with the model

Y;;=u+Cow, +Day,); +Error

(SAS General Linear Models procedure (Statistical Analysis Systems, 1985)).
The half width of a confidence interval (1) and the detectable difference (J)
among hypothetical treatments were calculated as a function of animal num-
bers for three potential research objectives.

When the research objective is to estimate animal response (DGT or
FOBW) to a specific day, day becomes a fixed effect. Estimation of DGT
response to daily temperature is an example of this objective. Equation (1)
defines the relationship of number of animals sampled (N) to the precision
of mean estimates ( W) (Snedecor and Cochran, 1967).

W=Zo [(s3+52) /NI (1)

Estimates of variance components associated with cow and error are
sz and 57, respectively, and Z follows the standard normal distribution. Pre-
liminary calculations use Z, rather than t, because a lack of precision in deter-
mining sums of squares diminished the importance of degrees of freedom for
calculating 5. However, Z produces narrower half-confidence-widths than ¢.
Snedecor and Cochran (1967) recommend using Z rather than 7 and adding
one or two extra sample units for a more conservative estimate of the N
required.

An alternative research objective might be to estimate animal response over
time; for example, while on winter range. Day is a random variable for this
inference and must be included when calculating the precision of mean esti-
mates as a function of N (eqn. (2)) (Snedecor and Cochran, 1967).

W=Zyp [ (si/N)+ (s3/M) + (53/NM) 12 (2)

M is the number of sample days and s is the variance estimate associated
with day.

A third possible research objective would be to test for a response differ-
ence among treatments. Influence of different dietary supplements on DGT
is an example of this situation. If treatments are applied across the same num-
ber of days to different cows, then eqn. (3) describes the difference detectable
among treatments as a function of animal numbers where N is sample size per

treatment group. The Type 2 probability is [ —f (Snedecor and Cochran,
1967).

02 =2(Zay ¥ Zp)*+ [5i + (s2/M)1/N (3)

This equation has an inherent limitation in determination of sample size.
A desired width of 6 cannot be guaranteed with selected probability unless a
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prior estimate of population variance (with known degrees of freedom) is
available (Li, 1964). Estimates of variance associated with foraging behavior
measurements are generally not published. However, as these estimates be-
come available, other methods for determining sample size, such as described
by Li (1964), can be substituted for eqn. (3) and provide a guaranteed ¢
width with known probability.

To facilitate interpretation of figures, all s terms were replaced by coeffi-
cients of variation (CV =100s/mean) prior to calculation of W and é. Both

W and J are also expressed as percentages of the means. Unless otherwise
stated, «=0.05 and $=0.10.

RESULTS

Coefficients of variation for cow (CV,), day (CVy), and error (CV.,) for
DGT and FOBW were 2.5, 9.3, and 12.8, and 12.8, 5.6, and 7.4, respectively.
The half-confidence-width around a mean, for a fixed day, varies with N for
different CVs (eqn. (1), Fig. 1). The total variation (s2 +s2) determines the
precision of the estimated mean for a given number of animals. The ratio of
CV,.to CV, is immaterial. Under these study conditions, we would need at
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Fig. 1. One-half confidence widths (as a percentage of the mean) for estimates of daily grazing
time (DGT) and fecal output (percentage of body weight, FOBW) for a specific day as affected
by number of experimental units. Relationship are expressed for several different possible coef-
ficients of total variation (CV). Day is treated as a fixed effect. Observed CVs associated with
cow (CV.) and error (CV,) for DGT and FOBW were 2.5 and 12.8%, and 12.8 and 7.4%,
respectively.
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least 9 cows to estimate mean daily FOBW within 10% with 0.95 confidence.
Allowing the level of confidence to reduce to 0.90 implied a reduction of the

number of cows necessary for measurement of FOBW to 8 and DGT to 6 to
retain a W of 10%.

When sampling over séveral days, variance among days influences animal
numbers required (eqn. (2)). From our DGT data, CV, was greater than
CV.. Therefore, adding more days of sampling can increase the precision of
the mean estimate of DGT more than adding more cows to each sampling
day (Fig. 2). For example, if we used 4 cows and increased the number of
days from 3 to 7, we achieve a 10% half-confidence-width. When sampling
days across large environmental gradients, indiscriminately increasing num-
ber of days may not reduce either CV,4 or experimental unit requirements.

If CV_ is greater than CV, as with our FOBW data, then increasing cow
numbers improve mean precision more than sampling over more days (Fig.
3). If we sampled with 11 cows for 3 days, our FOBW estimate would have a
similar precision as sampling with 7 cows for 21 days. As stated above, the
span of sampling days must be increased cautiously. Nine cows sampled for 5
days would result in precision equivalent to the preceding situation. The de-
cision to include more animals or more days depends on the relative cost of
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Fig. 2. One-half confidence widths (as a percentage of the mean) for estimates of daily grazing
time (DGT) over a time interval as affected by number of experimental units. Day is treated
as a random effect. Coefficients of variation for animal (CV.), day (CV,) and error (CV)

were 2.5.9.3 and 12.8%., respectively. Relationships are expressed for several different potential
time spans. Type | significance level was 0.05.
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Fig. 3. One-half confidence widths (as a percentage of the mean) for estimates of daily fecal
output {percentage of body weight, FOBW) over a time interval as affected by number of ex-
perimental units. Day is treated as a random cffect, Coctlicients of variation for animal (CV,),
day (CVy) and error (CV,) were 12.8, 5.6 and 7.4%, respectively. Relationships are expressed
for several ditferent time spans. Type [ significance level was 0.05.
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Fig. 4. Detectable differences (as a percentage of mean estimates) between two hypothetical
treatments for daily grazing time (DGT) and fecal output (percentage of body weight, FOBW)
over a time interval as affected by number of experimental units. Day is treated as a random
cffect. Relationships are expressed for a specific time interval (5 days), a Type | significance
level of 0.05, and three Type 2 probabilities (0.10, 0.20 and 0.50).
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Fig. 5. Detectable differences (as a percentage of mean estimates) between (wo hypothetical
treatments for daily grazing time (DGT) and fecal output (percentage of body weight, FOBW)
over time intervals as affected by number of experimental units. Day is treated as a random
cffect. Relationships are expressed for a Type | significance level of 0.05, a Typc 2 probability
of 0.10. and three time intervals (5, 7 and 10 days).

expanding cow numbers compared with increasing the number of sampling
days.

The balance in the experimental design produced by using the same days
for both treatments allows the variability among days to be removed (eqn.
(3)). assuming treatments are imposed across the same days. CV, becomes
the critical term. At low CV, values, treatment differences can be detected
with relatively few animals (Fig. 4). We could detect a 10% difference in
DGT between two treatments using 9 cows per treatment group (e.g. supple-
ment type) over 5 days («=0.05, §=0.10). However, the Type 2 probability
level does have an effect on the potential difference detectable among treat-
ments, especially when the CV_ is high (Fig. 4). With a high CV_, as noted
for FOBW, the probability of detecting treatment differences decreases. The
Type 2 probability level chosen affects the potential difference detectable
among treatments, especially when CV_ is high (FOBW, Fig. 4). Using 14
cows per treatment over 5 days would allow a 50% chance (=0.50) of a 10%
difference among treatments to be undetected. Reducing the probability of
failing to detect a true treatment difference to 10% (8=0.10) would require
>20 cows over 5 days (Fig. 4). Increasing the number of days sampled does
little to reduce § when CV, is high and is unnecessary at low CV,. values (eqn.
(3) and Fig. 5 for FOBW and DGT, respectively).
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DISCUSSION

Estimates of variability among animals, days, and animals by days are
needed to help design experiments. Although measures of variability are pub-
lished more frequently, measures of precision are not always clearly defined
(Tachaet al., 1982). Also, sometimes s? and s (animal by day) are not ade-
quately separated (Obioha et al., 1970; Lake and Clanton, 1972). Alterna-
tives to published estimates of variance require pre-trial experiments or cal-
culating estimates of variance (Gill, 1978, 1981).

Our values for s7, s3, and s were derived from a uniform group of cows
grazing a relatively stable, dormant forage resource. Therefore, our cow, day
and error components of variability should be relatively low. In comparison,
Phillips and Denne (1988) reported DGT means with CV, and CV, of 24
and 15%, respectively, for 5 dairy cows in repeated 7-day trials over 4 weeks.
Our estimates of animal numbers required are approximately in accordance
with other recommendations (van Dyne and Meyer, 1964; Scales, {972 (in
Cordovaetal., 1978)). Gary et al. (1970) suggested that > 9 cows and 6 days
should be used to estimate grazing, loafing and lying time. These workers stated
that 9 cows and 6 days might be adequate if cows are similar in liveweight,
age and other characteristics. Increasing the number of cows per day is pref-
erable to increasing days if the forage resource is changing rapidly (Obioha et
al., 1970).

Animal variability (and consequently, N requirements) differs depending
on the attribute investigated. Van Dyne (1969) discussed the sources and
magnitude of animal variability for digestion trials. Van Dyne and Heady
(1965) presented numbers of sheep or steers needed to sample specific com-
ponents of animal diet on summer annual range. They reported that from |
to 298 animals are necessary depending on the component of interest. Sheep
are more variable in general than cattle (see Heaney et al. (1968) for a dis-
cussion of sheep intake trials). Fecal output measurement requires more an-
imals than determination of diet composition. However, as available herbage
increases, more animals are needed to sample diet composition whereas less
are needed for fecal output (van Dyne and Meyer, 1964). Sampling cattle
diets for lignin content requires more animals than for percentage nitrogen
(Obioha et al., 1970). Similarly, cell wall content in steer diets varies more
than dry matter disappearance (Lake and Clanton, 1972). Yet, both charac-
teristics vary more among days than among steers, as did our estimates of
variances associated with DGT.

Depending on the study objective, variance estimates are used in eqns. (1),
(2), or (3) to estimate the sample sizes necessary to obtain mean estimates
or detectable treatment differences with relatively high precision. If unrea-
sonable numbers are required to obtain reasonable mean estimates, then crit-
ical review of methodology and experimental animal selection to reduce var-
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iability is required. With our data, 4 to 6 cows are sufficient to estimate a
mean for either DGT or FOBW with reasonable precision only at very low
values of s.

Equation (3), used when testing for treatment differences, not only assists
sample size determination, but also the intensity of treatments to apply. For
example, if the influence of forage quality on intake (related to FOBW) is to
be determined, and only 10 cows are available per treatment group, then for-
age quality must differ enough among treatments to produce an expected dif-
ference in FOBW of 18-20% before it is likely to be detected (Fig. 4). De-
tecting a 5% difference would be improbable, and conducting trials with small
differences in forage quality would lead to inconclusive results. Non-signifi-
cant tests could be due to a lack of treatment effect, or the inability to detect
an effect (Cohen, 1977; Gill, 1981; Rotenberry and Wiens, 1985).

Prior knowledge of necessary sample sizes, precision of estimated means,
and detectable treatment differences can be used to design experiments to
ensure that meaningful data are collected. The relationship in Figs. 1-5 should
also be considered when developing research hypotheses. With the con-
straints of statistics and the logistics of range nutrition field work, it may not
be possible to answer certain questions with current methodologies. The more
heterogenous the experimental animals and more subjective the data collec-
tion methods, the less likely the results will be conclusive.
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