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ADLSTHACT

Factors influencing the metabolic rate of Rocky Hountain bighorn
sheep were apnalyged by mulbtiple claseification analysis. Faccars
considered were sex, date, body weight, exposure temperature, adapration
temperatire, time since last feeding, and previcus gross emergy intake.
Tha overall mean ensrgy expesditure was 2632 keal.d™l (110 keal.kg™ 75.470).
Whan factors were tested Independently, body welght, sox and exposure
temporature, in order of imporcance, contributed slgnificantly to differ-
ences In energy expenditures, The total statistical model accounted
for B7L of varlance in the rate of energy expenditure,

INTROMMTION

Energy metabolism represents an important adaptation of wild ruminants
to thelr enviroment, The value of being able to predice energy expend-
itures of free-ranging animals has been highlighted in a pumber of studies
on the consequences of behavioural patterns and, particularly, the impact
of haragsment, Unfortunately; energy expénditvre fs difficult to
measure in wild species and information has accumilated slowly.

The uwsual procedure used to estimate energy expenditure is to estimate

bagal matabolism from body seight, increément it arbitrarily to obtain
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resting metabolic rate, the appropriate base, and then add the astimaced
energy costs of activity and thermoregulation, However, a mumber of
factors Influence resting métabolic rate, These [nclude bedy weight,
age, sex, season, mitritional status, smbient temperature, and adapraclon
to prevalling thermal enviromments. Several studles on wild ruminants
have attempted te determine the Importance of these factors. In the
Cervidag, most studies have dealt wich seasonal cycles of energy metabolism
{Silver et al., 1971) or the effects ol exposure temperature (Holter et al,,
1975}, age (Wesley gt al., 1973) and feeding level (Welmer, 1977).

Rather than determine the importance of these [actors In controlled
experlments, wve have attempted to develop a predictive equation based
on measurement of energy expenditures of bighorn sheep under a variety of
condltions throughout the winter season. Thls study represents an
extenslon of an approach applled by Grahem et al. (1974) In a study on
domestlic sheep.
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METHODS

Animals avallable for this geedy Included bwe sdultb male and two
adult female Hocky Mountain bighorn sheep (Ovis canadensis), One ewe
wag captured In Jasper Matlonal Park while the remaining subjects weré
reatéd In captivity, They were held in a large enclosuré ind maintained
on grass hay and a pelleted alfalfa-barley ration throughout the peried

of study (Chappel, 1978).
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Indirect calorimetry, using the respiratory pattern anmalyzer
duscribed by Young ¢t al. (1973), was used to determine metabollec rates
at contrelled temperatures of 10° to -M9C, Oxygen consumption and carbon
dioxide production were converted to an energetic eqgulvalent uslng che
equation of Brouwer (1963). From September to May, measuremencs of RMRE
and TMR (afver a 72-hour fast) were made at monddy intervals, and body
welghts and mean envirommental temperatures for three days prior to the
trail were recorded, Mean gross energy Intakes of the pelleted ration
were recorded In Individual feeding stalls for the two weeks preceding
each trial. A total of 124 measurements of metabolic rate provided the
data base for chls study.

Explanation of varlabllity In enerpgy expendliuvre, under a varlety
of experimental comditims, was sought through multivariate analysls of
the interrelationship of the dependent variable (metabolic rate) and
several independent variables (body weight, sex, month, exposure temperature,
adaptation température, time since last feeding, and previous gross energy
intake), Multiple Tlassification Analysis (MCA,Andrews et al, 1973) was
chosen to exmmine the correlation of a set of predictors with the dependent
variable in the context of i lipnesar additive model,

Several stablstlcs were emploved to determine the fit of both in-
dividual predictors alone and with others of the seme ser. The Eta-
aquared coafficlent (correlation racio) demored the proportions of
variance explained solely by that predictor. Beta coefficients expressed
the valus of each predictor after adjusting for the effects of all other

predictors, Category cosfficiencs were abtained through solucion of
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least sguares equation (Andersem and Bamcrofc, 19532). The fit of the
total meodel wvas determined by an RB~squared value. Signilicance wag
tested using the F test.

This analysis produces a coefflclent for each category of every
predicter in the model, The sum of coefficlents for the appropriate
categories, plus cthe value of the grand mean, provide a prediction of
metabolic rate.

RESULTS AND DISCUSSION

The grand mean metabolic rate of bighom sheep was 2632 keal,d"L,
Collectively, the geven independent variables accounted for B7T of
variation,

Whon effects were sxsmined independently, body weight, sex, ambient
temparature at the time of measurement and month accounted for
significant varlation (Table 1), When effects wére partiticned, month
emerged as one of the most {mportant variables followed by exposure
temperature, body welght, adaptation temperature messured 3 days prior
to the trial, sex, previous nutrition and time since last feeding,

Body Weight

As an independent effect, body weight explained the greatest pro-
portion of wvarlance in metabolic rate. When variance was partitioned,
it lost soese of its formar importance., Least squares-adjusted means of
metabolic rate as a function of body welpght are showvn in Figure 1.  Ower
the restricted range of weights observed, the increase per unit body
welght was approximately linear, Expressed on the basis of metabolic

rate the overall msean metabolic rate was 110 keal.w= Ti,d‘l.
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TAELE 1

STATISTICAL SUHMARY OF FACTORS INFLUENCING METABOLIC RATE
OF BICHORN SHEEP

Prediceor varinble Class
and categories Btu’ Beta Coefliclents
Body weight (kg.) 0.40 0.36
50-62 =285.91
63-65 =122.60
G670 31.74
71=75 B7.08
TE=-EE 1.9
Bexn 0.3 0.20
Female =117,45
Hale 177,45
Dace .17 0.53
Eillt-"l:ﬁl:t. '93-23
Hﬂ;'?tb- '15ﬂ+‘-'l':|'
HI'I’-'.HII.’- I&DJD
May=June 864,13
Expogure femperature 0.28 0.45
=3% to =20 1470,00
-0 to =10 =-28,590
=10 ko 0 -38.34
0w 10 =90, 14
Adaptation temperature 0,03 0,23
=35 to =10 5538
=10 to +10 56, 59
10 te 20 = 15957
Fasting 0.0% 0.17
Fed 55,85
Fasted =237.37
Previous nutrition
(kcal kg™ 75.4°1) 0. 04 0.27
55=183 -128.78
183-220 =210, 24
220=256 =531.62
256=130 210
330=-515% L1213, .6&

B2 complete model = 0,87 (PC .001)
Grand mean = 2631.87 keal.d-l
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Fige 1. least squares means of metabolic rates in
relation to body weight (kg). Grand mean
metabalie rate denoted X.

- 393 -



Sex

Rams had setsbolic rates which were 18% higher than those of ewas
even when corrected for body weight differences (Figure 2).  Although,
in many species, the metabolic rate of males Ls higher than that of
females, this apparently is mot always the case with ruminants, perhaps
because of the addirional complexity of metabolic cycles. Silwer st al.
(1969) in a study on vhite-tailed deer did not find significant differences
between does and bucks in summer coats. Wesley ot al. (1970) found no
obvious sex differemces in pronghorn antelope. However, Graham (1968)
reported that Merino rams had an FMA chat was approximately 200 higher
than wethers and ewes, Horden st al. (1970) obrained similar results
in black-tailed dear fawma.

Honth

Month was an imporeant predictor of mecabolic rate whan effects
were fit jeintly. Metabolic rates declined from fall to mid-winter,
then rose to a peak im early summer (Figure 1), The mmplitude of this
oseillation was greater than 40X,

Because data wore mot enlleceed for a complete seasonmal cyele, it
is difficult to compare these results with those reported for northern
cervide, Silver et al. (1969, 1971) ohserved values in white-tailed
deer which were greater than 507 higher in summer than in winter,
soetwhal norrower contrasts were observed by McEwan ond Whitchead (1970)
In caribou., Weiner (1977) found seasonal varlatlons in roe deer that
mmounted to less than 101, while Brockway and Malodiy (1967) did mot

observe seasonal changes of metabolism In red deer. Differences mmong
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these studies may ba related to the enviromméntal conditions under which
animals were held. Photopericd appears to be a dominant factor repgulating
seasonal metabolic cycles in wild ruminants (McBwan, 1975).

Exposuré Témparaburé

The range of exposure bemperabires used in this study included
those whilch invoked & strong thermoregulatory response. The metabolie
response bo cold {& shown in Flgure &. Temperatures as low as =3H00C
were within the thermoneutral zone but, between =207 and -30°C, metabolie
rates roge sharply. Chappel (1978) has reported controlled experiments
on the independent and combined effects of mbient bemperature and wind
oni Rocky Mountain bighorn sheep.

Critical temperatures of bighorn sheep appear considerably lower
than those of a mmber of other species of similar size. In winter
coat, the lower critical température of roe desr, one of che smallest
northarn cervids, ia about 0°C (Weiner 1977). Holeer st al. (1975)
estimated the comfort sone for white-tailed desr in winter to be betwesn
5°C and 20%C. Wesley st al. (1973) found the critical temperature for
fasting pronghorn antelope to be near 0°C and for fed animals to be
berwean -129C and -21°C. The superior cold tolerance of bighorn sheep,
in comparison with deer; may be related to their habitat preferences.
Bighorn aheep select open windswept slopes during winter, whereas white-
tailed snd roe deer seek forest cover where the opportunities to select
favorable micro climates exist, Pronghorn antélope live in apen country
but do not watch the northerly distribution of Rocky Moumtain bighorn

sheep,
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Adaptca Temperature

Prolonged exposuré to low msbient temperatures indoced an upward
adjustment of metabolic rate (Figure 5}, Although mean ambient temp-
eratures at 1 day, 3 days, 1 week, 2 weeks and 1 month prior to merabalie
trials were exsmined, the best improvement of fir of the model was obtained
with mesn sshient temperatures for 3 days prior to measurement,

This factor has received little attemtion in studies on vild ruminants,
However, gradusl incrésses in thermoneutral metabolic rate have been
found in domestic sheep (Webster er al. 1969) and cartle (Young, 1973)
exposed Eo winter weather,

Easting

In this study, bighorn sheep were fasted either B hours (fed group)
or 72 hours (fasted group), The extent of the fast accounted for a
relatively small proporrion  of variance, but mean differences of about
13% were obaerved (Figure 6).

Weiner (1977) found the resting metabolism of non-fasted roe deer
exceeded values for fasting mecabolism by 25-30%, McEwan (1970) estimated
the difference in reindear to be almost 2070 vhoress Wesley et al.
(1973) reported the difference in antelope to be over 50%. In comparing
these valuas, it {a important to recogniza that metabolic rate declines
rapidly following feeding (Chappel 1978) so that differences may be due
entirely to the axact time since the last meal.
Provious Mutrition

The mean intake of gross energy (kcal.kg~ 73) during che previous

2 weak interval gemerally increased energy expenditures of bighorn sheep
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(Flgure 7). The loweat cabtegory was made up largely of rams in Tul.
This may explain the deviation from a direct linear relationship.

The importance of outritional status has been well established in
work on domestic animals, Marxton (1948) found differences between
domestic sheep [ed -.i.l:l“f- at & or 2 tises maintenance requiresents which
wore evident up to 7 days of fasting. OGrahem et al. (1968) also found
g direct sffect of previous energy intake on matabolic rates of
domestic sheep,

Application of the Statistical Madel

To predict the metabolic rate of bighorn sheep within the range
of conditions used in the construction of this model, the appropriaste
class coefficients (Table 1) are summed and added to the grond mean. The
EME of an ani=al weighing 66 - 70 kg, can be estimatred by summing those
coefficients which define the measurement (date of lowest matabolic rate,
thermoneutral exposure temperature; thermoneutral adaptation temperature,
fasred stare and lowest level of previous mucritfon). For males, the
predicred value was 1714 keal.d"l, and for females 1480 keal.d™l.  Using
the mid-point weight, thiz was equivalent to 77 keal,kg™ 75.d°1 and 63
kcal.kg™ 73.d-! for males amd femnles, respectively, This is in agree-
ment with the accepted interspecies mean of 70 keal.kg™ 75.471,
Approximate energy budgets of free-ranging bighorn sheep can be estimated
by choosing the cosfficients relevant to prevalling envirommental comditioms.
Where certain variables cannot be measured in the fleld (e.g.., level of
foraga intake), o value of zero can be substituted as & best catimate

gince the coefficients are simply odded to the overall mean, Since che
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wodel predicts only resting metabolic rate, costs of feeding and locomotiom
must be added. Chappel (1978) estimated the cost of feeding to be
approximately 32% of resting metabolic rate. The énergy expenditure of
bedding animals was 18.9%. Since this model predicts expenditures of
animals vhich were standing,; this incresent is subtracted to obtain the
appropriate value for bedding animals. In our studies, the energy cost
of locomotion of bighorn sheep has not been determined.  However,

activity increments measured in a wide variety of species, including elk
wvhich wa have studied on tresdmilla, suggest a value of 0.5 k:ul.l:!'lr
km=l, This could be used as an approximation until specifie information

on bighorn ihup becomes available.
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