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ABSTRACT

Ten yearling wapiti stags were used to study the effects of winter nutrition on
subsequent performance and behavior on spring/summer pasture. During winter,
five wapiti (high quality winter diet, HW) received alfalfa-brome hay and alfalfa-
barley pellets. The other five (low quality winter diet, LW ) were wintered on native
pasture and alfalfa-brome hay. All animals were given access to feedad libitum. On
April 4 both groups were merged and releasedonto a 1.5 ha pasture.

Supplementation with alfalfa-barley pellets during winter improved the growth of
calves and the HW group entered spring with a 20 kg advantage (P=0.05). LW
wapiti weighed less by late winter but compensatory growth narrowed these
differences and both groups attained similar weights by July. Animals that were light
in early spring due to winter nutrition grew faster than heavier animals. Live weight
gains during spring were 0.30 kg/d and 0.15 kg/d for LW and HW wapiti,
respectively ( P=0.003).

Weight differences were not explained by gut fill, although wapiti in LW group had
significantly higher total gut fill in April and June. Gut fill difference corrected for
dry matter were neither significant nor large enough to account for weight

differences. Measurements of body water by urea dilution suggested that HW
animals had lower fat levels at the end of winter than LW wapiti. Weight gain during,
compensatory growth contained less fat but there was no significant difference in
body composition between the two groups in August. Blood urea nitrogen differed
significantly after the winter feeding period in April (P< 0.001) but not in August.

LW wapiti had smaller frame dimensions at start of spring in April ( P=0.004).
However, compensation was complete by July and linear measurements did not differ
significantly between the groups (P=0.83). Hip width (r2 =0.812) had better
recuperative powers than body length and chest girth.

Compensatory growth was achieved mainly by higher intake (overall, 4.3 and 3.6 kg
dry matter per day for LW and HW wapiti, respectively). The effect was most
striking when intake was expressed on a metabolic weight basis (88.3 kg /BW 0.75
vs 62.8 kg/BW 075 for LW and HW, respectively). Intake differed between
nutritional treatments in April (P=0.027) and May (P=0.04). However, digestibility
and rate of passage did not differ overall(P> 0.1) but digestibility differed in April



(P=0.05) and rate of passage differed in June marginally (P=0.08). Feed conversion

efficiency was unrelated to nutritional history. Using pooled data, energy
requircment for maintenance and live weight gain, were calculated to be 877 KJ/BW

0.75 and 34 kJ/g, respectively.

Higher intakes by compensating wapiti were achieved primarily by foraging longer
(12.7 vs 10.6 h per day), and biting faster (439 vs 40.4 bites/min) for LW and HW
wapiti, respectively. LW wapiti consumed significantly (P< 0.001) more forage per
minute (13.8 g/min) than HW wapiti (12.7 g/mir). They also spent less time in more
energy consuming activities such as walking. Habitat and diet selectivity were

unaffected by nutritional history.

1 concluded that compensatory growth in wapiti isa adaptation that enables them to
exploit scasonally harsh environments and to anticipate and prepare for predictably

changing conditions.
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I. INTRODUCTION

Compensatory growth, sometimes referred to as 'catch-up growth', is the
acceleration in growth that occurs when a period of growth inhibition ends and
favourable conditions are restored (Ashworth and Millward 1986). Compensatory
growth is essentially a self-correcting response which restores the individual to its
original weight trajectory. Compensatory growth has been studied in cattle (Coleman
and Evans 1986; Lofgreen and Kresling 1985; Park et al. 1987), sheep (Thompson et
al. 1982; Ferrell et al. 1986), pigs (Mersman et al. 1987; Pond and Mersman 1990),
poultry (Pokniak and Cornejo 1982; Calvert et al. 1987), and man (Ashworth and

Millward 1986).

Few wild herbivores grow to maturity along classical sigmoid growth curves.
Instead, live weight follows a saw-tooth pattern over time with troughs
corresponding to the timing and severity of feed shortages (Price and White 1985).
Forage seasonality influences both the amount and the quality of feed available to
wild ruminants and these have separate as well as combined influences on growth.
During winter, free-ranging wild ruminants lose weight in the face of declining
quality and availability of native forage. Weight loss occurs mainly in late winter as
snow deepens and forage quality declines to critical levels. The impact in both
absolute and relative terms is greatest for large individuals (Hudson and White 1985).
Over-winter weight loss of up to 30% is common in wild red deer (Cervus elaphus)
(Mitchell 1972; Moore and Brown 1977), white-tailed deer (Odocoileus virginianus)
(French et al. 1956) and black-tailed deer (Odocoileus hemionus columbianus)
(Bandy et al. 1970). During spring/summer, forage quality and quantity is high,
animals gain weight and light animals are able to narrow the contrast in weight with
heavier animals ( Hudson et al. 1985). This seasonal growth pulse is particularly
marked in northern cervids.

Compensatory growth probably represents a survival mechanism and a normal
physiological response in both wild and domestic animals. Therefore, when feed
supplies are scarce or expensive as they are in winter, temporary feed restriction may
be practised without long-term deleterious effects and it may be economically
advantageous to capitalize on compensatory growth the following summer. The
theory of compensatory growth predicts that underfeeding animals for a particular



period will not necessarily result in stunting. But, the risk of permanent stunting is
real if feed restriction in young animals interferes with cell division.

Accretion of body weight results from both an enlargement of the cells (hypertrophy)
and an increase in number of cells (hyperplasia). Severe and prolonged
undemutrition at an early age may result in permanent stunting (Maynard et al. 1979).
At this early age, hyperplasia is still in progress and any interference with it can
result in reduced total number of cells. This would certainly lead to stuntedness
because cells have maximum capacity to hypertrophy (Staun 1972).

The nature and physiological basis of compensatory growth is not well understood
(Wilson and Osbourn 1960; Allden 1970; Reid and White 1977; O'Donovan 1984).
Compensation has been attributed to a number of biological mechanisms; namely,
alteration of the composition of tissue gains (Thompson et al. 1982; Baker et al.
1985), reduced maintenance requirements (Saubidet and Verde 1976), increased feed
intakes (Meyer et al. 1965), high voluntary intake in relation to maintenance
requirements, and increased efficiency of feed conversion (O'Donovan 1984).

The contribution of each of these mechanisms remains unclear due to the divergence
in experimental designs, the interdependency of these mechanisms, and the fact that
few experiments have examined these mechanisms simultaneously. Conflicting
conclusions undoubtedly have resulted from differences in: (a) species of animals and
their physiological peculiarities; (b} maturity of the animals at the times of deprivation
and rehabilitation; (c) the nature, severity and the duration of the period of
undernutrition; (d) physiological requirements of the various tissue groups when
undernutrition and refeeding were imposed; and (€) the breed or sex of animals.

Wapiti have a well-developed capacity for compensatory growth on summer pastures
following winter nutritional restrictions (Watkins et al. 1991). Weight gains from
spring in April until the rut in September are inversely related to the body weights at
the end of winter (Hudson et al. 1985). This characteristic is shared by the wapiti's
European counterpart, the red deer (Suttie et al. 1983, 1984; Adam and Moir 1985;
Milne et al. 1987). This effect is expected to be most marked in young, growing
animals (Blaxter et al. 1974; Mitchell et al. 1976). However, work with red deer
suggests that the ability of young animals to recover fully weight by the following rut

is incomplete.
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Previous work at the Ministik wildlife Research Station has explored compensatory
mechanisms in wapiti (Watkins et al. 1991). In that study, restricted wapiti attained
similar weights by laie June but weight gain was not explained by any one factor.
However, interpretation was complicated by the mix of sexes and ages, pregnancy
and small sample sizes. To avoid these complications, I used a group of nonbreeding
weaned male wapiti calves born in May-June 1989 at the Ministik Wildlife Research
Station. I created differences in body condition by offering medium and high quality
diets during winter. Ithen recorded the performance of these animals on

spring/summer pasture.

Objectives

This study attempts to compare the performance and behavior on summer pasture of
young wapiti stags maintained on either native range and alfalfa-brome hay, or stags
maintained on alfalfa-barley pellets and alfalfa-brome hay.

The objectives were to determine whether:

1) Young wapiti stags have the capacity for compensatory growth on spring pastures
and whether this is due to relative changes in frame size, gut fill weight, or body

composition (Chapter III),
2) Compensation among nonbreeding wapiti might be due to their propensity to:

a) improve feed conversion efficiency by changing digestive parameters
(Chapter IV and V),

b) increase nutrient intake by feeding longer, more rapidly and/or more
selectively within habitats, or by selecting habitats offering superior foraging
opportunities (Chapter V).
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Il. STUDY AREA AND EXPERIMENTAL DESIGN

Study Area

The study was conducted at the Ministik Wildlife Research Station (Sec 26 TP 50 R
21 W4) located approximately 50 km SE of Edmonton, Alberta in the Cooking Lake
Moraine. The station is approximately 265 ha enclosed by a game fence 2 m high.

Ministik is underlain by the Edmonton Formation, an upper Cretaceous bedrock of
shale, sandstone, clay and coal interbedding (Bayrock and Hughes 1962). The
Cooking Lake Moraine overlies the Edmonton Formation and is composed of glacial
debris formed during the retreat of the Wisconsin ice sheet. The area is characterized
by gently rolling to rolling hills and shallow depressions, typical of hummocky dead-
jce moraine. Numerous seasonal and permanent shallow water bodies are found in
the area.

Luvisolic soils, derived from calcareous fine-grained till (Bowser et al. 1962; Crown
1977), predominate in the Ministik area. The forest soils are fairly well-drained
orthic grey soils developed on glacial til of the Edmonton formation. Poorly-drained
mineral soils, humic luvic gleysols, sandy loams, are present in low proportion.

The area is subject to a cool continental climate with short warm summers and long
cold winters (Wonders 1969). Temperature extremes range from -50 to 30 degree
Celsius (Olson 1985). The frost-free period averages 100 days, although
considerable yearly variations occur. Annual precipitation averages 500 mm with
259% as snowfall (Anonymous 1980). The average wind velocity is less than 26 kph.
Generally, snow begins to accumulate in November and persists until April.

Rowe (1972) classified the vegetation as boreal forest, although homesteading in the
early 1900's gives the area the general characteristic of aspen parkland. Gates (1980}
classified the vegetation cover of the Ministik Research Station into five habitat types;
poplar forest, upland and Jowland grassland, sedge meadow and willow.

Habitat distributions in the 1.5 ha paddock used for this study were 62% poplar
forest, 8% lowland and 30% upland grasslands. Balsam poplar (Populus
balsamifera) and trembling aspen (P. tremuloides) dominated the poplar forest.
Bluegrass (Poa spp.) and brome grass (Bromus pupellianus) were dominant species



in the upland grassland whereas, bluegrass, brome, and wheatgrass (Agropyron
spp.) and reedgrass (Calamagrostis canadensis) dominated the lowland grassland.

Spring green-up started in April, with the lowland grassland greening-up first and the
upland grassland last. Snow fell soon after the April green-up and the trial pasture
remained in * or condition until June. In April and May, the forest floor was covered

by volunteer grass but, in June, forbs assumed dominance.

Study animals and experimental design

To create body condition differences, ten weaned male wapiti calves bom to resident
females at the Ministik Wildlife Research Station in May and June 1989 were
assigned to two nutritional treatments (Table IL1). During the winter of 1989-90,
five calves (low quality winter diet, LW) wereru’ 5n native range but were offered
alfalfa-brome hay due to the harsh winter conditions. Five others (high quality winter
diet, HW) were offered pelleted alfalfa-barley ration and hay. Both groups received
the feeds ad libitum (Table. 11.2). To facilitate close observation, I spent several
days each week habituating the calves.

Winter-feeding treatments were started on Dec 7 1989, when significant amounts of
snow had fallen, and terminated on April 4 1990, at the beginning of the spring
green-up period. However, significant amounts of snow fell after the termination of
the treatments and animals were returned to holding pens for two weeks and given

hay ad libitum.

The animals were placed on the same pasture one week before data collection to
accommodate to their new environment. Blood samples and linear measurements
were taken at the beginning and end of the experiment. Parameters used to monitor
performance and behavior of wapiti are described in Chapters I, IVand V.
Throughout the study, the calves were free to forage and were only supplemented
with alfalfa-barley pellets in July when the pastures greatly deteriorated. Animal
#8923 escaped from the trial paddock and was substituted with #8901 after the first

trial period in April.



10

Statistical design

Data on weight gains, linear measurements, percent urca space, blood urea nitrogen,
digestive parameters, forage intake, feeding rates, and habitat selection were
subjected to analysis of variance and (in several analyses) linear regression. Due to
missing observations and substitution of animals, repeated measure design was used
only to compare monthly effects and not treatment effects. Main effects were winter
feeding, trial dates and (in several comparisons) habitat type. Student’s t-test was
used to compare the nutrition treatments on specific trial dates.

Table II.1 Allocation of wapiti calves to winter feeding groups at the Ministik
Wildlife Research Station, 7 Dec 1989- 4 April 1990.

Nane Tag# Initial Name Tag# Initial
wikg) witkg)

Edwin 8901a 174 Elliot 8905 137
Edgar 8903 168 Elvis 8907 142
Eldorado 8911 157 Eric 8909 149
Echo 8913 135 Elmo 8915 140
Emie 8919 143 Euclid 8917 123
Egbert 8923b 129

a Replaced 8923 in 2rd, 3rd and 4th trials
b Used for April 26-28 trial only



‘I'able 11.2. Chemical composition (%) and gross energy of winter feeds. (100% dry-

matter basis). -

Hay Pellets
Dry matter 93.7 90.9
Neutral detergent fiber 62.2 30.2
Acid detergent fiber 32.8 15.3
Lignin 4.07 3.71
Crude protein 129 16.7
Gross energy (kJ/g) 18.8 18.5
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Ill. NATURE OF COMPENSATORY GROWTH

Introduction

Little is known about the nature of the compensatory weight gain of weaned red decr
on summer pasture. Factors involved are not well known but appear to involve the
skeleton as well as soft tissues (Suttie et al. 1984). The capacity for compensatory
gain in red deer stags is remarkable but not unlimited (Suttie et al. 1983, 1984; Suttie
and Kay 1985; Adam and Moir 1985; Milne et al. 1987). Twelve months old red
deer stags on low quality waater diets grow faster on good summer pasture than
better-fed controls, but they do not fully compensate by their first rut at 15 months of
age (Suttie et al. 1983). Consequently, they may not reach pubertal weights and there
is a suggestion that pre-rut weight and frame size have an important bearing on their
ultimate mature size (Suttie et al. 1984).

One result of compensatory gain in red deer is clear: body composition after
compensation is similar to that of continuously growing animals (Suttic et al. 1984,
Milne et al. 1987). In studies on other livestock, animals on restricted feed are
leaner after compensation than those which received adequate feed supplies
(McManus et al. 1972; Drew and Reid 1975).

Although wapiti seem to express well-developed compensatory gain (Hudson et al.
1985; Watkins et al. 1991), neither the magnitude nor the nature of compensatory
gain has been fully explored. Previous studies have been based on mixed sex/age
groups, so comparisons of wapiti with the red deer literature was not possible. The
objective of this study was to assess compensatory growth in young wapiti stags.

Live weight gain has been used as a measure of compensatory growth. This has
serious limitations because of the varying weights of gastrointestinal contents (gut
fill). Live weights do not necessarily reflect body composition and variable energy
content. Therefore, an attempt was made to distinguish whether compensation in
live weight is partly due to an increase in frame size, body water, or gut fill.
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Materials and methods

Nutritional treatments

Ten wapiti stags, born in May and June 1989 at the Ministik Wildlife Research
Station, were assigned to two winter feeding groups. Five wapiti calves (LW, low
quality winter diet ) were wintered on native range and also received alfalfa-brome
hay. The other five (HW, high quality winter diet) received both alfalfa-brome hay
and alfalfa-barley pellets as described in Chapter II. Winter feeding programs were
terminated and groups merged on April 4 1990, when stags were released together
on to pasture for comparisons of changes in live weight, frame size and body
composition. Throughout the study, the stags were free to forageina 1.5 ha
paddock and were only supplemented with alfalfa-barley pellets in July when
pastures greatly deteriorated. One animal in the LW group escaped to an adjacent
paddock and was substituted by another with the same nutritional history after the

first trial at the end of April.

Body weights

Wapiti were weighed weekly, to the nearest kg with an electronic platform scale
(Western model no. DE-1000 Accurate Scale Industries, Edmonton, Alberta). Feed
and water were not withheld prior to weighing so weights included differences in

rumen fill.

Gut fill

Dry matter gastrointestinal fill (GIT) was estimated by administering a single oral
dose of chromic oxide (Cr203) on April 24, May 13, June 26 and July 22. Wapiti
were placed in individual stalls and offered 200 g of chromic oxide labelled alfalfa-
barley pellets (containing 4.04 mg/g chromic oxide) during the first trial and 250 g in
subsequent trials. Freshly voided fecal samples from each individual were collected
before dosing and at 3-4 h intervals post-dosing for 48 hours and 6-12 h intervals for
an additional 3-4 days. The samples were ovendried at 110°C for 24 hours and
ground in a Wiley mill using 2 30-mesh screen (1 mm). Analysis of chromic oxide
was made using an atomic absorption spectrophotometer (Modet 4000, Perkin-Elmer)
with an air- acetylene flame as described by Fenton and Fenton (1979).
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Concentration of chromium in feces with time (Ct) was determined by application of
Stewart-Hamilton or Occupancy Principle (Steele 1971; Shipley and Clarke 1972).
Total mean retention time (MRT), fecal output (F), indigestible dry matter fill (VN)
and GIT were estimated as outlined by Holleman and White (1987). Parameters and
calculations were as follows:

F= DigfCt.dt
MRT= of*t. Ct.dv of°Ct.dt
VN=F.MRT
GIT=VN+VN.A/2(1-A)
where,
D is the marker dose,

of°Ct.dt is amount of marker excreted in time interval (dt) and estimated by the area
under the marker concentration versus time curve for the feces,

of°t.Ct.dt is area under a curve obtained by multiplying the marker concentration in
the feces by its respective time since dosing, and

A is the fractional digestibility of the diet.

Gut fill (g DM) was converted to approximate wet fills, assuming that gut contents of
wapiti are approximately 17 % dry matter, irrespective of season and diet (Renecker
and Hudson 1990).

Frame size

Measurements of frame size were taken to the nearest centimeter using a steel tape on
May 1 and August 2, 1990. Animals were measured while standing in a squeeze.
Total body length was measured from tip of nose to last sacral vertebra. Chest girth
was measured immediately posterior to the axilla. Hip width was measured between
the ischial processes on the right hind leg.
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Body composition

Body composition Was estimated by urea dilution on May 1 and August 2, 1990.
Approximately 132 mg of urea-N/kg live weight was infused as 50% urea (Jones et
al. 1982) dissolved in 0.9% saline solution in the jugular vein over a period of 2
minutes. Samples of blood were drawn before and 12 minutes after infusion with
vacuum containers (SST Gel and clot activator Becton Dickinson Vacutainer systems
142401). Post-infusion blood samples were taken from the contralateral jugular
vein, or in several cases, from the saphenous or recurrent tarsal veins. Animals were
immobilized using xylazine hydrochloride (Rompun) at approximately 1 mg/ke.
Immobilization was reversed with yohimbine hydrochloride (Antagonil).

Urea space (ul /kg) as a percentage of live weight was calculated from the following

formula:

Urea space = (vol x conc / diff)/wt.

where,
vol is volume of urea infused (ml),
conc is concentration of urea solution infused (mg urea-N/100 m1),

diff is difference in blood urea nitrogen taken from the blood before and after urea

infusion (mg urea-N/100 ml), and

wt is live weight (kg).

Due to hemolysis (3 samples) and substitution of an animal, only 2 observations were
available for LW group and 4 for the HW group.

Statistical analysis

Weight gains, frame measurements, blood urea nitrogen and percent urea space (as %
live weight) were subjected to analysis of variance and contrasted over time by
repeated measures design. The main effect was winter feeding and the *within effect”
was trjal date. Comparison between nutritional treatments on specific trial dates was
made using Student's t-test. Changes in measurements between the beginning and
end of the summer grazing trial were related to beginning measurements by
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regression analysis. All relationships were computed and evaluated using General
Linear Model procedures (SAS 1989).

Results
Body weights

The monthly patterns of live weight of young wapiti stags on LW and HW diets are
shown in Fig. IIL.1. At the start of the experiment in December, live wcights did not
differ significantly between nutritional groups (P> 0.1). From December to April,
LW wapiti lost 13 kg (8.9% of their December weight) while HW group gained 18
kg ( 13% of December weight). Despite their lower initial weights, HW wapiti
entered spring weighing 20 kg more than the LW counterparts (t=6.4, P=0.05).
Both groups subsequently lost weight two weeks following release on to pasture as
they adapted to their new environment. During spring/summer, LW wapiti (then
yearlings) gained weight rapidly completely closing differences by July (t=64,P=
0.003). Between April 4 and July 28, the LW wapiti gained 34.6 kg (0.30 kg/d)
whereas the HW wapiti gained only 15.4 kg (0.15 kg/d).

Gut fill

Overall, LW wapiti tended to have greater gut fill averaging 3.0 kg dry matter, but the
treatment by trial date interaction was not significant (P>0.1) (Fig. I11.2). Greatest
gut fills were recorded on June 26 and least on July 22. LW wapiti showed greatest
v ariation throughout the spring/summer trial.

Frame size

Measurements of frame size were limited to the beginning and end of spring/summer
grazing trials. By May 1, HW wapiti were larger framed (P=0.004) than LW wapiti
(Fig. 11L.3). Both groups increased in frame size during the study period but
differences disappeared by August (P> 0.1). Regressions of growth increments
between May and August on absolute measurements in May showed strong
correlation with hip width (r2 = 0.81) but other regressions were not very strong,
although significant (Fig. I11.4).
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Body composition

Urea space (an estimate of body water) decreased from May (70.8 + 8.07 %) to
August (46.7+ 1.61 %) for both groups (Fig. IIL.V). Neither May nor August values
differed significantly between nutritional treatments ( P> 0.1). Blood urea nitrogen
was significantly higher in LW wapiti in May (P< 0.001) but not in August.

Discussion
Weight dynamics

During winter, free-ranging wild ruminants lose weight in the face of declining
quality and availability of native forage. Weight loss occurs mainly in late winter as
snow deepens and forage quality declines to critical levels. Spring forage growth
comes abrupily and body weights, particularly for the lighter animals, increase
rapidly. Over the summer, light animals are able to narrow the contrast in weight

with heavier animals.

My study and that of Dean et al. ( 1976) indicate that wapiti can either maintain or gain
weight in winter, given the nutritional opportunity. This may seem obvious but other
members of the cervidae such as white-tailed deer (Odocoileus virginianus) (French et
al. 1956), black-tailed deer (O. hemionus columbianus) (Bandy et al. 1970) and
captive mule deer (O.h. hemionus)(Renecker and Samuel 1991) lose weight during
winter months regardless of the amount or quality of feed offered.

Cervidae in temperate climates show cyclic patterns of growth with large investment
in body weight during summer and slow growth or weight loss during winter. One
possible explanation for winter weight loss in LW wapiti is reduced feed intake.
Although, feed intake was not measured in my experiment over winter, results from
other studies show that wapiti reduce feed intake to conserve encrgy (Kozak 1988).
In my study, winter weight loss in LW wapiti began in January. This weight loss
has been attributed to seasonal inappetance rather than higher winter maintenance
requirements. Seasonal declines in feed intake and growth rate are associated with
lower metabolic rates in white-tailed deer (Silver et al. 1969) and moose ( Schwartz et
al. 1988; Renecker and Hudson 1989). Such rhythms may be entrained by
photoperiod as a preparatory measure for seasonal change in forage quality and
availability. In winter, as the daylength shortens, animals lose weight and feeding
times are concentrated in the warmest part of the day.



In my study, lighter animals (LW wapiti) manifested greater weight gains than their
heavier counterparts (HW wapiti) during the short growing period. However, both
groups of wapiti lost weight in the 2 weeks following turn out. This rapid temporary
loss probably was due to changes in gut fill and did not involve any real changes in
empty body weight ( Taylor et al. 1957, Wright and Russel 1986). HW wapiti may
have lost more weight because they still anticipated supplemental feeding to resume.
Wapiti took 46 days to attain their pre-tum out live weight. Cattle take between 15
and 50 days to attain their pre-turn out live weight (Wright 1985).

Wapiti stags appear to grow in relation to autumn target weights or set points (
Hudson et al. 1985). Price and White (1985) suggested that because northern wild
ungulates are seasonal breeders and display annual pattems of weight change,
evolutionary pressure must favor a particular target condition or set-point. In my
study, the inverse relationship between level of winter feeding and weight gain at
pasture reveals the capacity of wapiti for compensatory growth. Probably, they were
growing towards their target weight for their chronological age. Verme and Ozaga
(1980) concluded that weight gains during late spring and summer in white-tailed
deer represent changes in tissue weight and that lipogenesis occurs in autumn in

response to photoperiod.

This work supports the theory that lighter animals, as a result of restricted intake,
have greater weight gains during recovery than heavier animals (Suttie et al. 1983;
Adam and Moir 1985; Milne et al. 1987; Thompson et al. 1987). Compensatory
weight gain during a short growth period ensures early maturity and reproductive
success (Renecker and Samuel 1991).  O'Donovan (1984) suggests that
compensatory weight change represents a natural survival mechanism. This
adaptation permits wapiti to exploit seasonally harsh environments and to capitalize
on grazing opportunities during short summers.

Gut fill

Interpretation of live weight is complicated by differential weights of gastrointestinal
contents (gut fill). In this study, the contribution of gut fill was estimated by a
digestive marker (Cr203) rather than holding animals overnight before weighing. In
the April trial, higher estimated gut fill in LW wapiti that received a winter diet high in
fiber could be attributed to an enlarged rumen. The high rumen fill at the start of the
grazing period suggests that absolute quantity of feed was not limiting in winter.

18
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Gut fill has been shown to vary in response to changes in diet composition and
energy demands in ruminants (Milne et al. 1978; Staaland et al. 1979). Large rumen
fill has been found in red deer (Milne 1980) and cattle (Bos indicus) (Mould et al.
1982) receiving fibrous diets in an attempt to eat more to meet their energy

requirements.

The highest gut fill in June for both groups was associated with increased intakes
(Chapter V), particularly among LW wapiti. Low gut fill in April and July were
partly due to poor pasture conditions as plant biomass was low (Chapter V). Overall,
there was no significant treatment effect on gut fill suggesting that live weight gain
may have been due to lean muscle deposition. Wilson and Osbourn (1960)
concluded that increase in weight in animals recovering from weight loss is partly due
to increased gut contents, however, in this study, weight changes in wapiti stags did

not involve increases in gut fill.

Frame size

In many studies, skeletal dimensions show better ability to recover after
undernutrition than body weight. In this study, body weight and the skeleton
recovered fully from winter undemnutrition. Differences that existed at the beginning
of spring disappeared suggesting that compensatory growth included skeletal growth.
In similar-aged red deer stags, Suttie et al. (1984 ) observed that compensation was
not complete and winter nutrition had an important early effect on skeletal growth of
red deer. This lack of compensation in skeletal growth limits the amount of catch up
gain possible in red deer (Suttie et al. 1984).

Low quality feed offered during winter did not distort the animal's form.
Undemnutrition caused a more or less uniform retardation (the restricted animals
conformed in size to their 'normal’ counterpart of similar weight at end of
compensation period). These resuits agree with the theory of allometric growth
proposed by Huxley (1932). Skogland (1983) and Clutton-Brock et al. (1982) have
shown that mature size of reindeer and red deer, respectively, is most vulnerable to
stunting during the late fetal-neonatal stage. Retardation of growth has the greatest
effect upon late maturing tissues and regions of the body, and may alter the
proportions of the body permanently (Wilson and Osbourn 1960).



The theory of compensatory growth predicts that temporary underfeeding will not
necessarily result in stunting. However. the risk of permanent stunting is real if feed
restriction interferes with cell division. Severe and prolonged undernutrition at an
early age may cause permanent stunting (Maynard et al. 1979). The rcason for this is
that at this pre-natal age, hyperplasia is still in progress in the muscle and bone and
any interference with it can result in reduced total number of cells. This would
certainly lead to stuntedness because cells have limited capacity to hypertrophy (Staun
1972).

Chronologically, the various tissues achieve their maximum growth and mature in
the following order: nervous tissue, skeletal tissue, muscular tissue and adipose
tissue (Huxley 1932). Consequently, skeletal measurements should be unaffected by
all but extreme nutrition restriction (Price 1976, 1977). However, in my experiment,
significant skeletal differences occured and Price's suggestion may hold only in older
animals. McCay et al. (1939) showed that body length of undernourished rats,
recovered better than body weight. This suggests that skeletal dimensions have
higher growth impetus than other parameters of body size and mass.

Skeletal hip width recovered better than both girth and body length. This may be
explained in terms of the waves of high growth intensity commencing in the body
extremities and converging along the back line as described by Huxley (1932) and
Palsson (1955). Since one of the growth waves starts from the metatarsal and
metacarpal regions (Palsson 1955) and upwards along the limbs and trunk to the
lumbar region, it may be speculated that such a wave takes priority. Unfortunately,
no comparative literature is available for hip width measurements.

Girth provides an indication of the bulk of an animal and relates closely to body
weight, although, in this experiment it included both fat as well as rib cage. Chest
girth measurements are close to those of young wapiti stags reported by Flook
(1970), although the latter measurements were taken in winter. Therefore, a period
of undernutrition of the type and duration used in this study did not cause permanent
stunting of young wapiti stags and moderate undernutrition during winter does not
have deleterious effects on final size.
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Body composition

Urea dilution has been used to estimate body composition in cattle (Kock and Preston
1979; Bartle et al. 1983), lambs (Bartle et al. 1985), water buffalo (Bubalus bubalis)
(Johri and Ranjhan 1983), Norwegian reindeer (Rangifer tarandus tarandus) (Larsen
and Amnoldus 1985) and mule deer (Torbit et al. 1985). Urea meets the requirements
of a satisfactory marker, such as even and rapid distribution, non toxic, not foreign to
the body, causes no physiological disturbances and is easily measured (Kock and
Preston 1979). Urea space is defined as the volume of water with which urea
equilibrates and it is assumed that urea space is related to empty body water (Kock
and Preston 1979), and inversely, body fatness.

Urea space values (as a % of body weight) were high in May, reflecting lower fat
levels assuming that the inverse relationship between empty body fat (%) and urea
space (live weight ) in domestic ruminants (Reid et al. 1968) holds for wapiti.
However, HW wapiti had higher values than LW wapiti at the start of spring grazing
trial. This is contrary to my expectations as the HW wapiti receiving high quality diet
above maintenance were expected to deposit fat. Although, this differences could be
attributed to the small number of samples for the LW group ( 2). Energy retained in
pellet-fed animals may have been directed to lean tissue growth thus minimizing
differences in fat content. Evidence comes from measured differences in frame size.

Urea space ( as a percentage of body weight) decreased in late summer and was
accompanied by an increase in body weight. The higher percent urea space in August
in LW wapiti is likely the result of increased energy demands due to growth and
deposition of more muscle and less fat. In sheep, restricted and control animals had
similar amounts of body fat during restriction. But during weight gain, the former
had less fat and more protein and water (O'Donovan 1984). McManus et al. (1972)
and Drew and Reid (1975) reported that animals were leaner than those continually
grown. Adam and Moir's (1985) study on young red deer stags indicated that
periods of restriction followed by realimentation had no significant effect on body
composition. My study suggests the same for wapiti stags. However, body
composition depends on how different the animals are at the start, and how long they

compensate.

In white-tailed deer, compensatory gain in spring resulted in a greater propensity to
deposit protein (Verme and Ozaga 1980). Under a prolonged period of negative



energy balance, fat is 'ost much faster than it is gained after refeeding (Tulloh 1963).
More water is associated with protein than fat (Agricultural Research Council 1980)
and therefore rapid spring weight change may reflect more protein deposition and
hydration of muscle tissue than fat synthesis.

Blood urea nitrogen decreased over spring and summer. High BUN values in May
were interpreted as an adaptation in protein and urea metabolism which compensated
for the low and high protein intakes for the LW and HW wapiti respectively. In
August, considerably higher BUN in the LW wapiti suggested they either were
mobilizing more body tissue or were grazing more so had higher protein intakes
(Chapter V). The two groups may have adapted differently by either reducing (LW)
or increasing (HW) renal clearance of urea to maintain a more nearly ‘optimal’ or
'normal’ blood level. Lower levels of BUN for steers on high energy diets were
attributed to a more efficient utilization of protein by rumen microbes when digestible
energy intake is high, resulting in reduction in ammonia production and subsequent
urea formation (Preston et al. 1961).

Low BUN values in July reflect a decline in nutritional quality of the pasture. BUN
has been used as a realistic predictor of nitrogen utilization and nitrogen intake.
Preston et al. (1961) found a close relationship between protein intake and BUN
levels but indicated that this relationship can be modified by several other factors.
Certainly, starvation or low nitrogen diets can increase BUN levels as body protein is
catabolized (Leibholz 1970).

Conclusion

Young wapiti stags have a capacity for compensatory growth on summer pasture.
Supplementation with alfalfa-barley pellets during winter improved the growth of
calves and created significant differences in spring weights. Compensatory growth
expressed itself as z1 enhanced rate of gain in LW wapiti compared to that of HW
wapiti and was complete by July.

Skeletal measurements showed a considerable capacity to compensate. There was
complete recovery in both body weight and frame size unlike in red deer, and this
suggests that the winter feeding regimes did not lead to permanent stunting. Weight
gain did not involve increases in gut fill nor changes in body composition.



Wapiti exhibited compensatory growth at pasture in spring/summer after a winter
period of restriction. Therefore, lack of winter feed or even a severe drought can
impose a period of little or no growth. A plentiful supply of feed following this
deprivation gives rapid growth. Since the nutritional deprivation, did not adversely
affect the quality of the final product (body composition) after realimentation, it
therefore, might be feasible to exploit and extend this natural pattern by maintaining
low planes of nutrition until the start of the grazing period. This will lower feeding
costs in winter and animals are able to exploit the compensatory growth phenomenon

fully.
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IV. DAILY FORAGE INTAKE AND DIGESTION

Introduction

Wapiti stags wintered on a low quality diet (alfalfa-brome hay) showed compensatory
growth on summer pasture (Chapter I1I). Compared with stags wintered on a high
quality diet ( alfalfa-barley pellets and alfalfa-brome hay), they showed greater
growth in live weight and frame size. This live-weight gain was explained by neither
gut fill nor change in body composition. Unlike similar-aged red deer stags (Suttie et
al. 1983; Adam and Moir 1985; Milne et al. 1987), young wapiti stags compensated
fully for the previous undernutrition by 15 months of age.

Higher feed intakes are a common but variable feature of compensatory growth
(Allden 1968; Wilson and Osbourn 1960). Increased dry matter intakes occur in red
deer stags (Suttie et al. 1983; Adam and Moir 1985) but no differences in feed
conversion efficiencies (Suttie et al. 1983). Previous studies at the Ministik Wildlife
Research Station showed that forage intakes of wapiti were inversely related to
weight, and wapiti wintered on a low quality diet (hay) had higher forage intakes than
wapiti wintered on high quality feed (alfalfa-barley pellets) (Watkins et al. 1991).
However, interpretation of the latter study was complicated by the mix of sex/age

and pregnancy.

The objective of this experiment was to evaluate potential compensatory mechanisms
in wapiti. Is compensatory growth achieved by higher dry matter intake, and/or
better feed conversion efficiencies, and is this associated with changes in digestive

kinetics?
Materials and Methods

Nutrition treatments

Ten wapiti stags, born May and June 1989 at the Ministik Wildlife Research Station,
were assigned to two winter feeding groups. Five wapiti calves ( LW, low quality
winter diet ) were wintered on native range and also received alfalfa-brome hay. The
other five (HW, high quality winter diet) received both alfalfa-brome hay and alfalfa-
barley pellets as described in Chapter [I. Winter feeding programs were terminated
and groups merged in on April 4 1990, they were then released together inalS5ha
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pasture for comparisons of changes in live weight, frame size and body composition.
Throughout the study, the stags were free to forage and were only supplemented with
alfalfa-barley pellets in July when pastures greatly deteriorated. One animal in the
LW group escaped to an adjacent paddock and was substituted by another with the
same nutritional history after the first trial at the end of April.

Rate of passage

Comparative rates of passage were studied in trials starting on April 24, May 13,
June 26 and July 22. Passage rate of digesta was estimated by orally administering a
single dose of chromium oxide (Crp03). Approximately 200 grams of chromium
oxide labelled alfalfa-barley pellets (containing 4.04 mg/g chromic oxide) were given
to each wapiti during the first trial and 250 grams in subsequent trials. At the time of
dosing, wapiti were offered the marked pellets in individual stalls. HW wapiti ate
their marked pellets within three minutes while the LW wapiti took up to three hours.
Both groups were later released to pasture together. Freshly voided fecal samples
from each individual were collected before dosing, and every 3-4 hours post-dosing
for 48 hours and at 6-12 hours intervals for an additional 3-4 days.

Fecal samples were ovendried at 110°C for 24 hours and ground in a Wiley mill
using a 30-mesh (1 mm) screen. Chromic oxide was analyzed using an atomic
absorption spectrophotometer (Model 4000, Perkin-Elmer) with an air-acetylene
flame as described by Fenton and Fenton (1979).

Concentration of chromium in feces with time (Ct) was determined by application of
Stewart-Hamilton or Occupancy Principle (Steele 1971; Shipley and Clarke 1972).
Digestive parameters were estimated following Holleman and White (1987). Mean
retention time (MRT) was calculated as:

MRT= of*°t. Ct.dt/ of°Ct.dt
and, fecal output as:
F= D/of*°Ct.dt
where;

D is marker dose administered,
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Ct is the fecal marker concentration determined at time (1),

of*°Ct.dt is amount of marker excreted in time interval (dt) and estimated by the area

under the marker concentration versus time curve for the feces,

of*°t.Ctdt is the area under a curve obtained by multiplying the marker concentration

in the feces by its respective time since dosing.

Dry matter digestibility and daily intakes

Lignin was used as an internal indicator of digestibility. Fractional digestibility of the
diet was calculated as % forage lignin | % fecal lignin. Lignin as the ash-free residue
was determined after 72% sulphuric acid treatment of ADF by the method of Goering
and Van Soest (1970). Fecal samples obtained during the middle of each trial were
used to estimate lignin. Forage samples were obtained at the same time to estimate

lignin.

Dry matter intake (DMI) was obtained from daily fecal dry matter excretion (F) and
fractional digestibility of the diet (A) by:

DMI (g) =F/(1 - A)
Feed conversion efficiency

Feed conversion efficiency was estimated by regressing daily gain (8/BW 0.75)
against metabolizable energy (ME) intake (DMI x digestibility x 0.82 x 18.4 kKJ/BW
0.75), The intercept estimated maintenance requirements and the slope gave energy
requirements for live weight gain. Data from July was excluded because alfalfa-

barley pellets were offered as a range supplement.

Statistical analysis

Data were analyzed using repeated measures analysis of variance (SAS 1989). The
main ‘between factor' was winter nutrition. The 'within factor' was trial date.
Comparison between nutritional treatments on specific trial dates was made using
Student's t-test. Feed conversion efficiency was analyzed by regression analysis.



Results
Daily forage intake

LW wapiti had higher dry matter intake in April (P=0.027) and in May (P=0.041)
but intake did not differ in June and July (P>0.1) (Fig. 1V.]). Intake varied among
months (P < 0.001) with a peak in June. Contrasts were even greater (P=0.05) for

all months when intakes were expressed relative to metabolic body weight (g/kg BW
0.75).

Dry matter digestibility and rates of passage

Overall, LW wapiti showed slightly higher digestibility values (59.7%) than HW
wapiti (57.1%). Dry matter digestibility differed significantly by month (P<0.001)
and between treatments during the first trial in April (P=0.05) (Fig.IV.2).
Treatment by month interaction was significant ( P<0.001). Digestibility rose
rapidly with pasture growth between April and May and subsequently declined in
July as pasture matured and alfalfa-barley pellets were offered as a range supplement.

Despite higher intakes and digestibility, LW wapiti had a shorter mean retention time
overall (25.6 vs 26.9 h) (Fig. IV.2). Treatment by month interaction was marginally
significant (P=0.074). Mean retention time varied by month (P< 0.001). Mean
retention time was highest in April (34.9 h) and lowest in June (21.8 h) when
differences between the two groups were greatest (P=0.082).

Feed conversion efficiency

Feed conversion efficiency did not differ significantly between nutritional treatments
and among trial dates (P>0.1). Therefore, estimates were pooled and ME intake
(KJ/BW 0.75) was regressed against gain (g/ BW 0.75) to provide estimates of
metabolizable energy requirements of 877 kI/BW 0.75 for maintenance and 33.5 kJ/g
for live weight gain (Fig.IV.3).
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Discussion
Forage intake

Animals recovering from winter weight Joss should attempt to increase daily dry
matter intakes to meet their higher nutritional requirements (Wilson and Osbourn
1960; Allden 1970; Graham and Searle 1975; Wright 1985). As in a previous study
(Watkins et al. 1991), this was generally supported because daily forage intake on
pasture were higher in LW wapiti than in HW wapiti. This seems to be the main
factor accounting for compensatory growth in red deer (Suttie et al. 1983; Adam and
Moir 1985; Milne et al. 1987) and in cattle (Wright et al. 1989; Baker et al. 1985).
However, there are exceptions to this general pattern: Fox et al. (1972), Hironaka
and Kozub (1973), and Saubidet and Verde (1976) found no changes in intakes, and
reduced feed consumption were reported during compensation by Foote and Tulloh
(1977) and Murray (1980).

Estimates of intake expressed relative to metabolic weight in this study fell within the
range of 40-90 g/kg BW 0.75, typical among livestock (Cordova et al. 1978).
However, several reports show that wild ungulates can have intakes greatly
exceeding 90 g/kg BW 075, particularly in summer with diet exceeding
approximately 65% dry matter digestibility. In mule deer grazing on sagebrush
(Artemisia spp), daily intake estimated by the chromic method are 102 and 96 g/kg
BW 0.75 in early and late winter (Fulgham 1978). The highest intake by penned
wapiti calves from October through June is 112 g/kg BW 0.75 (Westra and Hudson
1981). Estimated intakes for reindeer are 99-137 g/kg BW 0-75 (White and Trudell
1980). These high intakes may indicate that some wild ungulates are better adapted to
capitalize on high feed available than domestic species.

Feed intake is determined by a range factors related to the animal's physiological

state, diet and environment. Theoretically, herbivores recovering from winter weight
loss should have high energy requirements for growth. When the feed restriction is
removed, such animals whose energy stores were depleted gain weight ata faster rate
than their better fed counterparts (Wilson and Osbourn 1960). The initial increase in
feed intake for the LW wapiti could be explained in terms of increased energy demand
for growth to reach body weight ' targets'. There is a strong tendency for animals to
reach a certain target weight appropriate for a given age. Price and White (1985)
suggested that northern wild ungulates are seasonal breeders and display annual
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patterns of weight change, therefore. evolutionary pressure dictates that a particular
condition or set-point weight must be achieved for an animal to survive and

reproduce.

Monthly variation in forage intake could be attributed to changes in pasture
availability and quality. Physical and chemical composition of the diet influence feed
intake, the former by affecting the rate at which particles can be broken down by
mastication and microbial digestion, and the latter by affecting nutrient supply to the
micrcbial populations involved in fiber digestion (Arnold 1985). In April, low forage
biomass and high fiber levels could have limited intake. At low nutritive values,
limited gastrointestinal capacities and passage rates prevent an animal from meeting its
energy requirements. As nutritive value increases, the animal is ultimately able to
ingest enough dry matter to meet requirements. The initial rise in daily consumption
during April preceded spring growth. Forage intake increased with pasture biomass
and crude protein (Chapter V). Subsequently, intake declined as forage maiured and
pasture biomass declined in late July. The major drop in intake in July coincided with
supplementary feeding of alfalfa-barley pellets.

Appetance in many species of wild herbivores responds to photoperiod and this effect
is mediated through hormonal status. The ultimate regulatory centres lie in the brain
which plays the dominant role in balancing and integrating signals from various parts
of the body. White-tailed deer (Arman et al. 1974), red deer and sheep (Kay 1979)
reduce their voluntary feed intake to maintenance levels in mid-autumn and increase it
again with the approach of spring. This annual cycle of voluntarily feed intake is
clearly an adaptation to the availability of forage. In spring/summer, when good
quality forage is abundant, wild ruminants eat well above maintenance requirements.

In winter when forage is poor and scarce, appetite declines.

It has been suggested that feed intake could be regulated by changes in the function of
endrocrine glands (Ryg and Jacobsen 1981). Annual levels of various hormones
have been reported, including thyroid and growth hormones (Ringberg et al. 1978;
Seal et al. 1972), both of which influence growth rate in mammals. However, the
reports are somewhat conflicting as to the exact patterns of the variations. This could
be possibly be due to differences in nutritional status and may be involved in

appetence in LW and HW wapiti.
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Dry matter digestibility and rates of passage

Animals recovering from weight loss may improve forage digestible by increasing
passage rates to increase intake. However in this study, forage digestibility was not
related to nutritional history; both LW and HW wapiti digested forage ina similar
manner. This has been the conclusion of most other studies on compensatory growth
(Wilson and Osbourn 1960; Drew and Reid 1975). However, monthly effects
existed and, as expected, highly digestible feeds traversed the alimentary tract faster
than less digestibie forages in April (due to litter) and July as the forage matured.
However, LW wapiti had significantly 1.- - rer digestibility in April suggesting that
they were selecting highly digestible diets.

Completeness of digestion is closely linked to the competitive rates of digestion and
passage. Increasing rates of passage will reduce digestibility if sufficient time is not
available for complete fermentation. This implies that, if diet digestibility is high and
the rate of passage fairly low, the animal will have a better chance to utilize a greater
mass of feed to acquire enough energy for daily maintenance. Although sucha
strategy was observed only in the first trial period, it would have been the best for
wapiti recovering from winter undernutrition.

Digestibility decreases as intake increases due to decreased retention time. The
amount of dietary fiber lignin will depress digestibility as fiber increases. Retention
time will also be relatively shorter because fiber cannot be utilized completely. For
domestic ruminants at a constant rate of feed intake, passage rate is inversely related
tc feed digestibility (Hungate 1966). In my study, digestibility, mean retention time
and intake were not strongly related and differences could not be traced to nutritional
history.

Rate of passage determines how long individual portions of ingesta are subjected to
various processes including mixing, digestion, microbial fermentation, and
absorption. The faster flow compensates for incomplete digestibility and improves
energy supply by a larger intake. The components of the diet given during the
experiment, the species of plant eaten and particle size taken influence the rate of
passage. In this study, rate of passage was unrelated to nutritional history suggesting
that particles moved at the same rate. Low forage digestibility in April in both groups
was compensated by longer retention times. High fibrous material (in April due to
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litter) remained longer in the gut. This causes the digesta to remain in the rumen until
the particles are small enough to pass the rest of the gut.

Increased intake during compensatory growth is associated with increased rumen
digesta and enhanced rates of passage (Wilson and Osbourn 1960). Intake can be
increased by accelerating ruminal emptying via absorption or escape, or by increased
rumen $ill ( Van Soest 1982; Grovum 1984). The rate of passage through the gut is
related to voluntary intake through its effect on frequency of recurring appetite. The
more quickly ingesta moves out of the gut, the sooner the animal desires more food.

Rates of passage reported in this study are similar to rates of 23.6 h in deer (Mautz
and Petrides 1971) and 22.5 h in white-tailed deer (as reviewed by Van Hoven and
Boomker 1985) on pasture. In April, less digestible forage was retained for a longer
period. An increase in gut fill in June (Chapter I1I) allowed LW wapiti to increase
intake, although, the rate of passage decreased. This suggests that wapiti improved
energy supply for growth and extracted more nutrients by retaining less digestible
forage for longer time in April. High feed intakes in June were accompanied by

accelerated passage rate.

Variations among individuals in parameters describing the rate of passage are
typically large (Westra and Hudson 1981; Mautz and Petrides 1971). In my study,
such variations could be attributed to difficulties in administering the marker. Time to
eat the marked pellets differed and was related to nutrition history. HW wapiti ate
their pellets within three minutes whereas the LW wapiti took up to three hours.
Generally, tamer animals ate their pellets faster.

Measuring the digestibility of herbage eaten presents a special problem. In theory,
natural herbage constituents like lignin can be employed as indicators. In practise,
this application is complicated by the fact that lignin in new growth may not be
completely indigestible (Wallace and Van Dyne 1970; Fahey and Jung 1983).
Another difficulty with any internal indicator is that of obtaining feed samples which
are truly representative of the diet.

Feed conversion efficiency

In general, increased feed intake is accompanied by increased efficiency although
conflicting results have been reported, probably due to various factors prevailing
under the experimental conditions. Improved feed efficiency is evident particularly
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in the early stages of realimentation (O'Donovan 1984). Suttie et al. (1983) who
restricted young red deer stags, observed increased feed conversion efficiency.
However, in this study, feed conversion efficiency during compensation was not

related to nutritional history.

The underlying factor for increased efficiencies is that the basal metabolism of an
animal declines as energy intake is reduced (Wilson and Osbourn 1960). Since
maintenance requirements are proportional to live weight (NRC 1984), it may be
assumed that animals subjected to undernutrition become more economical in their

use of feed. Such animals, when given access to good quality feed, only slowly raise
their basal metabolic rate to the normal rate. This would resuit in a greater proportion
of food available for productive purposes, especially growth, and would result in an
increased growth rate compared with that shown by control animal receiving similar
diets. Such, improved efficiency however, would only be temporary, and would be
gradually reduced throughout the period of refeeding. Resting metabolic rates include
tissue and feed-related components so a positive association between metabolic rate
and feed intake is expected. Studies on white-tailed deer (Silver et al. 1969) indicates
that fasting metabolic rate declines with feed intake during winter, compensating to
some extent for the reduced energy intake.

Energy expenditures of animals represent the sum of expenditures of individual
tissues, each of which may have different metabolic rates. Generally, lean body
mass is considered to be more metabolically active than fat because of the relative
high cost of protein turnover. High maintenance requirements in wapiti would be
influenced by body composition. The daily maintenance requirements of penned red
deer are 520 kI/BW ©.75 for hinds and 570 kI/BW 0-75 for stags (Fenressy et al.
1981; Suttie et al. 1987). Red deer stags wintered outdoors have requirements
approaching 850 kI/BW 075, Grazing presumably increases costs further.
Estimates for wapiti range from 572 kI/BW 0-75 for hinds held in pens during winter
and 936 KJ/BW 075 for hinds on spring pasture (Jiang and Hudson 1991). The
latter figure is close to my estimate of 877 kI/BW 0.75 obtained for wapiti stags.

Energy requirements for growth are determined by the energy content content of gain
as well as the growth rate. Because metabolizable energy is used with an efficiency
of about 50%, energy requirements for live weight gain vary from 16-55 Kllg
(Hudson and Christopherson 1985). Energy requirements of red deer for live weight
gain range from 37 kl/g for stags to 55 kJ/g for hinds (Fennessy et al. 1981; Suttie et
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al. 1987). Young wapiti hinds on spring pasture required 38.5 kJ/g for live weight
gain, a value that is similar to 33.5 kl/g for young wapiti stags in this study. Suttie et
al. (1987) suggested that the high value obtained for red deer hinds might be related
to their relative carcass maturity (fatness). If so, wapiti hinds must mature less rapidly
than red deer so that the composition of gain of the sexes is not different by one year

of age.
Conclusion

Young wapiti stags wintered on low quality diet showed a pronounced increase in
voluntarily feed intake on spring/summer pastures. LW wapiti increased forage
intake on pasture during compensation and this seems to be the main factor
accounting for compensatory gain. No consistent differences were observed in mean
retention time, digestibility and feed conversion efficiency and therefore higher
intakes and consequently, higher gains of LW wapiti were not explained. As feed
intake increased mean rentention time decreased. Diet digestibility, and therefore
digestive efficiency were not important effects of nutritional history. However,
compensating wapiti had higher intakes relative to maintenance requirements. |
concluded that a high level of feed consumption provided a large margin above
maitenance needs, thus allowing a high proportion of energy to be used for
compensatory growth.
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V. FORAGING ECOLOGY

Introduction

Compensatory gain among young wapiti stags (Chapter III) appears to be achieved
largely by increasing voluntarily feed intake, particularly in relation to metabolic
weight (Chapter 1V). Differences between the treatment groups in digestibility, feed
conversion efficiency and rate of passage were slight. Therefore, the question turns
to how this compensatory intake is achieved. Compensating wapiti might attempt to
maximize energy intake by grazing longer, foraging faster, and/or feeding more

selectively.

Assuming that increased energy intake increases survival and reproduction (fitness)
(Schoener 1971; Belovsky 1984), feeding times should increase when requirements
for energy and nutrients are high or forage supplies are sparse (Renecker and Hudson
1989). But, requirements for other activities may place an upper limit on time spent

grazing.

Herbivores also can increase daily feed intake by feeding faster, which they could
achieve with higher biting rates or larger bite sizes. Effects of forage biomass and
structure on feeding rates of wapiti have received some attention (Collins and Urness
1983; Hudson and Nietfeld 1985). Bite size and cropping rate are greatly influenced

by habitat type.

Nutrient intake could be increased at the same dry matter intake by feeding
selectively. Diet selection, a process that governs the amounts and varieties of feed
consumed (Ellis et al. 1976), is a means by which herbivores can attenuate
fluctuations in forage quality. Diet selection is influenced by quality and quantity of
available feeds, which are influenced by location and time of feeding (Hobbs 1979).

Feeding selectively improves diet quality but often at the expense of feeding rate
(Westoby 1974). If the animal selected only relatively abundant low quality forages,
intake may be limited by gut fill. On the other hand, if it selected rare high quality
feeds it likely would be limited by its ability to ingest an amount which would meet it
requirements. If the animal chose a combination of forages, total consumption could
increase both for physiological reasons (associative effects of feeds) and for logistic



reasons (in searching for one type of plant. another would be discovered
fortuitously).

This chapter examines how compensatory intake can be achieved. Is it achieved by
feeding longer, more rapidly and/or more selectively within habitats or selecting
habitats offering superior foraging opportunities?

Materials and Methods
Nutritional treatments and grazing trials

Ten weaned wapiti calves born at the Ministik Wildlife Research Station were
assigned to two winter feeding treatments on Dec 7 1989. Five calves (low quality

winter diet, LW) were run on native range and supplemented with alfalfa-brome hay.
Five others (high quality winter diet, HW) were offered alfalfa-brley pellets as well

54

as hay. Winter feeding programs were terminated and groups merged in April 4 1990
at the beginning of spring growth of pasture. Because the pastures deteriorated under

heavy cumulative grazing pressure, alfalfa-barley pellets were offered as a range
supplement in the July grazing trial.

Grazing trials were conducted on April 28, May 11, June 19, and July 25. During

each trial, the following data on vegetation, activity budgets, foraging behavior, diet

selectivity and habitat selection were collected. Due to rapid changes in vegetation,
biomass, forage quality and bite sizes was also sampled on May 30.

Vegetation biomass and quality

Vegetation was sampled each month in poplar forest, upland grassland and lowland

grassiand habitats. Ten 0.25 m?2 clip plots were randomly sampled in each habitat
during the 24 h scans. In each plot, vegetation was clipped to a height of 1 cm and

samples were stored in plastic bags at -20°C. Samples were later oven-dried at 60°C

for 48 hours then ground through a Wiley mill with a 30 mesh screen (1 mm) and
stored at 5°C until analyzed.

Materials obtained for biomass estimates were used for nutritional analyses. Crude
protein (N X 6.25) was determined using the macro-Kjeldahl method (A.O.A.C

1990). Neutral detergent fiber (NDF) and acid detergent firer ADF) were determined

using procedures of Goering and Van Scest (1970).
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roraging hehavior

Foraging parameters werc assessed by direct observation (bite-count method) from
within 5-10 m of an animal using rmethods described by Hudson and Watkins (1986),
Budson and Nietfeld (1985) and Nietreld (1983). Daily dry matter intake (g/day) of
each individual was calculated as the product of cropping rate, bite size and foraging
time. Feeding rate was calculated as the product of cropping rate (bites/min) and bite

size (g/min).

Cropping rates (bites/min) of individual wapiti were determined from the number of
bites taken for several 3-10 minute scans during the feeding period in each habitat.
Each distinct remova: of a plant, plant part,ora number of plants was considered a
bite (Nietfeld 1983). Cropping rates were recorded only when animals grazed ata

single feeding statior.

Bite sizes (g/min) of each forage category were estimated from 20 ‘mimicked bites’
taken in close proximity to each wapiti during the 24-h scans. Since these bites were
mimicked, they did not provide information on variability among individuals so the
results were pooled to provide estimates for individual habitats. These samples were
then ovendried at 60°C for 48 h or to constant weight.

Movements while feeding (steps/min) were noted. An animal was considered to
make a step when the right leg was moved, as the animal moved to a new feeding
station (defined as the area an animal feeds on without moving) and recording for

cropping rate stopped.

Indices of diet quality and selectivity
Fecal crude protein (N X 6.25) provided an index of diet quality (Gates 1980). Feces
were collected at the time of defecation to avoid exposure to the environment. Feces
were frozen until ovendried at 60°C for 3-5 days and ground through a 30 mesh
screen (1 mm) in a Wiley mill. A further sample (2 g) was ovendried at 110°C
overnight for dry matter (DM) determination. Nitrogen was determined using the
macro-Kjeldahl method (A.O.A.C 1990). Fecal ADF and NDF were determined

using the same procedures as for forage.

Kjeldahl nitrogen of forage samples from 10 randomly placed clip plots in each
habitat and the mimicked bites described above allowed expression of forage intake
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on a protein (N X 6.25) basis as well as an index of diet selectivity (N diet /N clip
plot). All samples were analyzed in duplicate.

Activity budgets and habitat selection

The activity and habitat choice of each animal were monitored for 24 hours in each
trial. All animals were fitted with wide, bright identification collars to facilitate both
day and night observations. Bot4 groups were observed simultancously at distances
of 5-20 m. Instantaneous scan sampling at 10 min intervals (Jacobsen and Wiggins
1982) was used. Activities were categorized as 1) feeding, 2) resting (lying), 3)
standing, 4) walving and olner minor activities. -.ach 10 min record was based on
ihe predominant activity of an individual animal. Simultaneously, habitat choice was
code?! as poplar forest, upland grassiand and lowland grassland.

Night observations depended mainly on moonlight, but occasionally a spotlight was
used. Scan data were converted to proportion of total observed time engaged in cach

activity.
Statistical analysis

Data on habitat selection, biting rate, steps/min, forage biomass, forage quality, fecal
crude protein, NDF and ADF were analyzed statistically using General Linear Models
procedure (ANOVA) (SAS 1989). The main effects in analysis of habitat selection,
cropping rates, steps/min, were trial dates and nutritional treatment. For nutritional
and forage biomass results, habitats and months were the main effects. Comparison
of treatment means was by Student's t-test. Significant specific comparisons of the
nutrition treatment by month by habitat interaction were computed using the LSD
procedure (Steel and Torrie 1980)

Results
Range availability and quality

Forage bioma:« differed significantly among habitats and months (P<0.001). From
mid April until late July, forage biomass increased rapidly to a peak in June ( 1384
kg/a) (Fig. V. 1). Although pasture growth initiated in April, it was diluted with
carry-over so pasture crude protein peaked in May (T: able V.1). Pasture crude protein
varied significantly among habitats (P= 0.028) and among months (P=0.033).



57

Crude protein declined in all three habitats as the plants matured and lowest values

were recorded in July (12.7%).

Highest fiber contents (NDF, ADF) were observed during April. Lowest fiber
contents were observed in May in the lowland habitat. Forage NDF varied within
habitats (P= 0.002) and among months (P< 0.001) (Table V.1). Forage ADF varied
within habitats and among months (P< 0.001). Dietary ADF exhibited monthly
variations similar to NDF,v. - ghest values in April and lowest in May. Highex.
values were recorded in the poplar forest. Habitat by month interaction was

significant.
Total daily forage intake (g/day)

Estimated total daily dry matter intake (feeding rate x foraging time) differed
significantly between treatments (P=0.048) (Fig.V.2) and among months (P<
0.001). Overall, LW wapiti consumed more thar HW wapiti. Daily intakes peaked
in June when biomass was at its maximum. Lowest intakes were observed in J uly
when pasture condition deteriorated and alfalfa-barley pellets were offered as a range

supplement.

Estimates of intake were not significantly different during the May and June trials
using the bite count and single dose method described in Chapter I1. However, in
April, the bite count method overestimated intake by a factor of two. Comparison in
July were not possible because supplemental feed was offered.

Activity Budgets

Higher forage intakes could be achieved by grazing longer. Foraging, and walking
were the predominant activities in all months and diffeicd significantly between the
two nutritional treatments (P< 0.01) and among months (P<0.001) (Fig.V.3). Other
activities, resting and standing did not differ significantly between the two groups
(P>0.01). LW wapit: expressing, compensatory gain spent approximately 50% of
their time foraging in April, however, foraging time decreased in May and June. In
April (P=0.008) ar.d in May (P=0.002), LW wapiti spent more time feeding.



Table V.1. Least square means of crude protein, neutral detergent fiber and acid detergent fiber for

poplar forest, upland and lowland grasslands at the Ministik Wildlife Research Station.

Apni! 28 May 11 May 30 June 19 July 25 Probability

Crude protein

PF 16.743A 21.972B 21.674B 17.223A 12.948C P<0.001
UG 17.128A 15.400B 14 59bC 11.47°D 11.76bD  P<0.001
LG 18.23PA 17.33¢A 18.21€A 17.198A 13.994B P<0.001
Probability ~ P=0.041 P<0.001 P<0.00! P<0.001 P=0.027

Neutral detergent fiber

PF 67.558A 50.443B 54.968C 53.262D 59.40°A P<0.001
UG 65.518A 55.672B 57.812B 533328 58.693B P=C 003
LG 59.70bA 43.274B 57.883A 49.173C 56.142A P<0.001
Probability ~P=0.022 P>0.05 P>0.05 P>0.05 P>0.05

Acid detergent fiber

PF 41.748A 26.562B 29.843C 30.582C 35.612D P<0.001
UG 35.61bA 29.032B 26.822B 27.992B 31.54bC P<0.00!
LG 33.916A 21.61bB 29.382B 27.518C 31.40PA P<0.001
Probability _ P<0.00¢ P<0.001 P>0.05 P>0.05 ~=0.035

PF Poplar forest

UG Upland grassland

LG Lowland grassland

abc gimilar lower case letters within a column are not significantly differcnt P< 0.05

ABC  gimilar upper case lecrs within a row are not significantly different P < 0.05

Grazing time dropped to less than 15% in July when supplemental feed was offered
and pasture condition deteriorated. During this trial, a relatively large proportion of
their time was spent resting and walking. Walking and resting increased from less
than 5% to 10-15%, and from 45% to over 55% respectively, in April and July.
Differences in all activities except walking disappeared in June and July.
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Foraging behavior

As well as grazing longer, daily intake also can be increased by feeding faster
(g/min), the product of biting rate (bites/min) and bite size (g/bite).

Feeding rate

Forage intake rates for the two groups differed significantly (P= 0.002) (Fig. V.4)
between months and among habitats (P< 0.001) (Table V.2). Treatinent by month
interaction was significant (P=0.004). LW wapiti consumed more forage per minute
(13.8 g/min) than HW wapiti (12.7 g/min). Feeding rates increased from 8.8 g/min
in April to a plateau of about 17 g/min in June and July. Except in April, feeding
rates were highest in the upland grasstand and lowest in poplar forest.

From pooled observations, intake rates were inverseiy related to body weight.
Lighter animals tended to consume rore than their heavier counterparts. However,
when treatment effects were evaluated using trial weightasa covariate, trial weight

was not related to consumption rate (P>0.1).

Cropping rates

Cropping rates (bites/min) differed significantly between nutritional treatments (P=
0.017), among habitats and months (P< 0.001)(Fig.V.5). Month by habitat
interaction was significant (P<0.001). Overall, LW wapiti recorded higher bites/min
(43.9 vs 40 4 bites/min) than H'W wapiti. Generally, the highest cropping rates were
observed immediately after release to pasture, with maximum cropping rates -»f 54.1
bites/min for LW wapiti in April compared to 49.2 bites/min for HW wapiti (P=
0.039). Bite size was inversely related to cropping rate (Fig.V.6).

Cropping rates varied significantly within habitats (P <0.001) with highest values in
the upland grassland (Table V.3). Highest bites rates for both LW and HW wapiti
were observed in the lowland grassland and the lowest in the poplar forest. in May,
cropping rate still varied significantly between the two treatments (P=0.01) a~<
between habitats (P< 0.001). In June and July, average Cropping rates were 34.7
and 31.8 bites’min for LW and HW wapiti, respectively. Cropping rate decreased for
bnth greups over the experimental period.
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Table V.2. Least square means of dry matter intake (g DM/min) of LW aci HW wapiti at the
Ministik Wildlife Research Station.

Apnil 28 May 11 June 19 July 25 Probability

LW wapiti

PF 5.28A 8.6%B 16.32C 13.80C £<0.001
UG 10.60A 16.20B 21.6"C 21.30C P<0.001
LG 11.5bA 10.8¢A 15.588 14.68C P<0.001
Probability P<0.001 P<0.001 P<0.001 P<0.001

HW wapiti

PG 4.62A 7.798 14.2¢C 12.54C P<0.001
UG 10.4bA 13.0bA 19.0bB 20.90C P<0.001
LG 10.6PA 9.62A 16.04B 13.94A P=0.034
Probability P<0.001 P<0.001 P<0.001 P<0.001

PF Poplar forest

UG Upland grassland

LG Lowland grassland

abc Similar lower case letters within a column are not significantly different P< 0.05
ABC Similar upper caxe letters withint a row are not significantly different P < 0.05

Bite size

Bite sizes (g/min) were mimicked and therefore could not be used to test differences
between nutritional treatments. Bite size varied significantly by month (P= 0.002)
and by habitat (P= 0.006) (Table V.4). L.t~ size increased with plant biomass and
the highest bite sizes were recorded in upland grassland and the smallest in lowland
grassland (Fig. V.7). Bite sizes were correlated with forage biomass (r%:=(.89 poplar
forest, 12=0.60 upland and r2=0.52 lowland grasslands).



Table V.3. Least square means of cropping rate (bites/min) in habitat

wapiti at the Ministix Wildlife Research Station.
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s selected by LW and HW

April 28 May 11 June 19 July 25 _ Probability

LW wapiti

PF 48.93A 47.40A 29.49B 21.78€ P<0.001
UG 53.82A 58.2bA 40.8bB 41.3bB P<0.001
LG 59.6bA 54.3bB 38.1C 35.16C P<0.001
Probability P=0.038 P<0.001 P=0.002 P<0.001

HW wapiti

PF 42.78A 42.18A 25.52C 19.82A P<0.001
UG 52.3bA 50.9bA 35.9bB 40.6B P<0.001
LG 54.8bA 47.5bA 39.4b8 33.4bB P<0.001
Probability P<0.001 P<0.001 P<0.001 P<0.001

PF Poplar forest

UG Upland grassland

LG Lowiand grassland

abe gimilar lower case letters wititia

ABC gimilar upper case letters within a row are not signifi

Rate of movement

2 column are not significantly different
cantly different P < 0.05

The rate of movement (steps/min) during grazing did not differ significantly between
treatments (P> 0.1) (Table V.5), although it differed significantly among months (P<
0.001) and among habitats (P= 0.047). Treatment by month by habitat interaction

was significant (P< 0.001). However, in April, movement rates differed
significantly (P=0.01) between the LW and HW wapiti. Wapiti moved most rapidly

in the poplar forest where rates were 3.0 and 3.8 step:
wapiti, respectively. In May, June and July,

significantly between the groups (P>0.1).

s/min for the LW and HW
the rate of movement did not differ



Table V.4. Least square means of bite size(g) in poplar forest, upland and lowland grasslands at the

Ministik Wildlife Research Station.

April 28 May 11 May 30 June 19 July 25 Probability
PF 0.083A 0.172B 0.25%C 0.522D 0.59°E P<0.001
UG 0.18PA 0.232A 0.36"B 0.49°C 0.484C P<0.001
LG 0.19bA 0.268A 0.243A 0.38hB 0.39¢B P<0.001
Probabilit; P=0.025 P>0.05 P=0.003 P<0.001 P=0.009

PF Poplar forest

UG Upland grassland

LG Lowland grassland

abe gimilar lower case letters within a column are not significantly different P< 0.05

ABCDE gimilar upper case letters within a row arc not significantly different P < 0.05
Diet quality and selectivity

Available protein (crude protein in mimicked bites) exhibited monthly variations
similar to the clip crude protein but values were generally two percentage points
higher in each month (Fig. V.8). For both, month by habitat interaction was
significant (P<0.001). Crude protein varied greatly among habitats during May. In
all months except April, the upland grassland recorded the lowest values.

Overall, there were no significant differences in fecal crude protein between the two
nutritional treatments, although it varied significantly by montk (P< 0.001)
(Fig.V.9). However, treatment by month interaction was significant (P< 0.001).
Fecal crude protein peaked in June following the same monthly trend as dietary crude
protein although values were lower except in June and July. LW wapiti wintered on
alfalfa-brome hay had significantly lower fecal crude protein in May (P<0.01)

Fecal NDF and ADF varied significantly among months (P< 0.001) but not between
treatment groups (P> 0.1). Low NDF and ADF values corresponded to high fecal
crude protein values in June. Crude fiber decreased as the forage matured in July.



Table V.5. Least square means of the number of steps per minute of LW and HW wapiti at the

Ministik Wildlife Research Station.

April 28 May 11 June 19 July 25 Probability

LW wapiti
PF 3.08A 1.92A 2.63A 2.68A P>0.05
UG 3.00A 1.72B 2.43B 1.8vB P=0.004
LG 2.0bA 1.62A 2.58A 1.7bB P=0.025
Probability P=0.01 P>0.05 P>0.05 P=0.04
HW wapiti
PF 3.82A 1.92B 2.13B 2328 P<0.001
UG 2.5bA 1.98A 2.68A 1.92A P>0.05
LG 4.42A 1.78B 2.12B 1.72B P<0.001
Probability P=0.001 P>0.05 2>0.05 P>0.05

PF Poplar forest

UG Upland grassland
LG Lowland grassland
ab  Similar lower case letters within a column are not significantly different P< 0.05

AB  Similar upper case letters within a row arc not significantly diffcrent P < 0.05

Resource selection

Wapiti used all habitats in a pattern that was independent of nutritional history (Fig.
V.10). Although habitats were used differently by month (P< 0.001), the only
difference traced to nutritional history was high<r use of lowland grassland by
compensating wapiti during the spring forage growth in May (P=0.077).

Generally, more time was spent in all three habitats in April and May, as the cropping
rates peaked and decreased in June when intake rates peaked in all habitats. Least
amount of time was spent in July when alfalfa-barley pellets were offered as arange

supplement.



Discussion
Total daily forage intake

At the start of the grazing period at 11 months of age, the two groups of wapiti
differed widely in both weight and nutritional history. Animals ihat were light in
early spring due to nutritional hardship grew much faster on pasture than their
counterparts (Chapter I1I). Compensatory gain appeared to be achieved largely
through increasing forage intake particularly in relation to metabolic weight and hence
maintenance requirements (Chapter IV, Watkins et al. 1991). One explanation for
compensatory growth is increased feed intake as reported for red deer stags (Suttie et
al. 1984) and cattle (Meyer et al. 1965).

Amount of feed consumed by temperate Cervidae is a function of several critena: a)
metabolic demand which is strongly seasonal, b) forage quality and abundance can
limit intake, c) the physical constraint of digestive anatomy and size limits gut fill, d)
available biomass and structure of feed items can influence the amount of time
required to capture a meal, and e) the amount of time available for feeding can be
influenced by search time for new feed patches.

Feed intake is influenced b.y time devoted to foraging each day, the time spent in
search during foraging, the cropping rate and the size of the bite (Allden and
Whittaker 1970). Of these variables, the animal has most control over foraging time
and biting rate. This suggests that as energy demands increase, an animal can
increase both total time foraging and biting rate to produce a greater intake of forage.
Allden (1962) proposed that increasing forage availability increased consumption
while decreasing grazing time and the number of bites required.

Estimates of daily intak: yom grazing behavior in this study were consistent with
simultaneous estimates based on single-dose method. The single-dose method is a
convenient and reliable method for measuring forage intake of wapiti on pasture
(Jiang and Hudson 1991). Chromic oxide is a purified chemical and thus lends itself
to accurate dosing (Hatfield et al. 1990) and it forms stable complexes with feed
ingredients (Martz et al. 1974). Therefore, separation of chromic oxide from the feed
with which it was given is not likely to occur. Also, in moose and wapiti, both the
liquid and the particulate matter flow together unlike in cattle and presumably other
large grazers in which rumen contents are stratified (Renecker and Hudson 1990).
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Wide variations between tite two method p2” 1. rly in April may have been duetoa
variety of problems with both methods. The main bias of the single dose method is
related to lignin digestibility. Lignin in new growti may not be completely
indigestible (Wallace and Van Dyne 1970; Fahey and Jung 1983) and this
underestimates digestibility. Another problem is that chromic oxide was
administered in pellets. Pelleted feeds are characterized by high rates of passage and
this may have overestimated intake rates. However, although the single dose method
is laborious, it is still better method to estimate intake in wapiti provided low

chromium concentrations are used.

The subjectivity of visually estimating bite sizes and the assumption that all animals
had similar biie sizes may have underestimated intake. Direct observation (bite-count
methcd) greatest limitation is the long period of continous observation required and
subjectivity of estimating bite sizes and therefore, less subjective method like the
single-dose method should be used.

Because LW wapiti had higher intake rates, the question of how this was achieved is
considered. Was it achieved by grazing longer, faster or more selectively within a
habitat or simply by selecting habitats that offerad superior foraging opportunities?

Activity L. adgets

Wild ruminants presumably engage in exclusive activities in a way that maximizes
fitness (McFarland 1977). They spend a disproportionate part of each day feeding or
resiing or ruminating; other behavior (e.g grooming, travel, security and social
interaction) comprise a small part of the daily activity (Hudson 1985). Time invested
in these activities (particularly feeding and rumination) shows marked diel and
seasonal variations and can be viewed as an adaptive response. The fundamental
decision made by large herbivores is when and how much to forage. Although
grazing animals generally respond to declining forage availability by increasing
foraging effort (cropping rate and search effort) (Arnold 1964), there is a point where
the marginal benefit of feeding will be overshadowed by the marginal cost of

obtaining feed.

Feeding times should increase when requirements for energy and nutrients are high or
forage supplies are sparse (Renecker and Hudson 1989). Both factors seemed to
contribute to the observed pattern in this study. Early spring can be a particularly
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critical time for wapiti recovering from winter weight loss because of increased
energy and crude protein requirements for growth. One way wapiti might increase
nutrient intake and energy is by foraging longer. My study confirmed this
expectation, as LW wapiti foraged for a longer period of time than their counterparts,
in April, May and June trials.

Ecological theory has emphasized the state of the animal as a determinant of behavior
(Mangel and Clark 1986). LW wapiti undergoing compensatory growth grazed
longer particularly during the first two months when weight differences were being
narrowed. They also spent less time engaged in energetically expensive activities
complying with the law of "least effort” (Geist 1982) to conserve energy. The
ultimate factor for the increase in foraging time by LW wapiti may have been energy
requirements. However, low forage quality and rumen fill may limit forage intake
short of metabolic demands.

Limitations of gut distention, requirements for other activities (particularly
rumination) and preemption by heat stress or insect annoyance may impose an upper
limit on grazing times of ruminants (Belovsky 1984). The longest grazing times of
12.7 h/day by compensating wapiti during the first grazing trial may have approached
this limit. This value exceeded 11 hour feeding times reported by Collins and Urness
(1983), and 10.6 hours reported by Craighead et al. (1973) (10.6). However, Gates
and Hudson (1983) on similar pastures reported wapiti spent 13 hours foraging in
early spring.

Time spent foraging declined over the experimental period and could be attributed to
changes in diet quality and quantity. More time was spent when the diet had high
fiber content in April (due to litter), and declined as fiber decreased in May and June.
Rumination increases at the expense of feeding if forages are of low quality (Foose
1933). Rumination is determined largely by cell wall intake (Deswysen et al. 1986)
because feed particles must be reduced in size before they can pass from the rumen
(Foose 1983). As forage quality improves, ruminating declines and foraging
increases. Decline in fiber in May and June was accompanied by an increase in plant
biomass and crude protein. The very short feeding times in July may be attributed to
heat stress and insect annoyance but more likely were due to the availability of
palatable supplemental feed.
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Foraging rate

The ability of free-ranging animals to meet their nutritional requirements often is
constrained by the logistics of foraging. Compensating wapiti increased forage intake
by grazing more rapidly. This difference was not detected by Watkins et al. (1991) in
a mixed group of wapiti during compensatory growth on spring pasture. Although
motivational state may have some effect, the most important determinants of feeding
rate of wapiti are forage biomass and structure (Collins et al. 1978; Collins and
Urness 1983; Wickstrom et al. 1984: Hudson and Nietfield 1985; Hudson and
Watkins 1986). Maximum rates approaching 18 g/min were generally above
asymptotic rates of 1 1-15 g/min from the above studies.

Foraging rate is the product of cropping rate and bite size. Bite size is most strongly
influenced by structural attributes such as leaf area, plant configuration and, for
grasslands, tiller length and density. This relationship has a mechanical basis and is
assumed to scale to the width of the incisor. On the basis of incisor bar width,
Gordon and Illius (1988) predicted that bite sizes (and presumably feeding rates)
should scale to 8.96 BW 0.35and 7.17 BW 0.35 for grazers and intermediate feeders,
respectively. However, I had no opportunity to directly evaluate differences in bite
size and assumed that bite size were the same for all animals. Therefore, variations in
feeding rate was entirely due to observed cropping rates. Maximum bite sizes of 0.47
g/bite and maximum cropping rates of 50-55 bites/min compare favourably with
estimates of Hudson and Watkins (1986) on the same pastures. When animals are
grazing, the bite size increases and the cropping rate decreases with increasing
biomass (Allden 1962; Allden and Whittaker 1970).

Cropping rates are influenced by bite size, with large mouthfuls of feed requiring
more time to be chewed and swallowed than smaller ones. The main limit on
cropping rates is time required to handle, wet masticate, and swallow feed items.
Except in very sparse plant communities, cropping rates are inversely related to bite
size and perhaps dietary fiber because of handling (mastication) time. Cropping rates
in my study, declined with increasing bite sizes to slightly over 30 bites/min. The
strength of this relationship suggests that handling time rather than search time is the
most important determinant of cropping rates on aspen parkland ranges. The
significant relationship between cropping rate to forage biomass may be secondary to
the relationship between bite size and forage biomass.
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Foraging rates continued to increase with the accumulation of pasture biomass untl
June after which pasture consumption exceeded growth and pasture condition
deteriorated. Another interacting factor was forage quality which changed the amount
of forage needed to meet requirements. Therefore, by increasing forage intake until
June, LW wapiti were able to meet their high requirements for growth.

Watkins et al. (1991) were uncertain whether the low intake of previously well-fed
wapiti of mixed ages and sexes may be due to the fact that they were simply waiting
in anticipation that supplemental feed may resume. However, since both groups i::
my study were merged and held for 2 weeks before the first grazing trial, this
explanation is less likely.

Diet selection

Although wapiti stags were able to increase diet protein by tw » percentage points in
each trial, selective grazing was not part of the adaptive behavior of animals
undergoing compensatory growth. No differences were observed in fecal crude
protein and mimicked bites suggesting that wapiti of the two groups grazed similarly.
High crude protein in feces in May reflects high dietary crude protein associated with
initiation of new growth. A decrease in NDF content indicated an increase in the
proportion of the dry biomass containing cell contents and a corresponding decrease
in cell walls (Stewart et al. 1977).

Grazing ruminants generally face the following dilemma: Feeding selectively
improves diet quality but often at the expensive of feeding rate. Therefore, selectively
feeding is most adaptive on abundant but low quality forages which limit intake
through digestive capacity. On the other hand, intake of digestive energy may be
maximized by feeding less selectively where forages are of general l); high quality but
limited availability. The latter would seem to be the case on spring;summer pastures.

Diet selection could be achieved on a different scale. LW wapiti also could
theoretically compensate by selecting habitats tht provided better foraging
opportunities, to meet their high demands for growin.

Habitat selection

Habitat selection is an important way that ruminants can ameliorate environmental
adversity and capitalize on opportunities. An optimal foraging consumer should
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include at least the feed type of highest value in the diet (Owen-Smith and Novellie
1982) and shouid base selection of feeding habitats on foraging effort (Krebs and
McCleery 1984). Although this seems to hold for a variety of taxa, studies with wild
ruminants have been limited largely to testing whether preferred habitats provide more
forage of better quality (Festa-Bianchet 1988:; Murgantini and Hudson 1988).

Selection of habitat by wapiti appeared to be strongly influenced by forage availability
and associated grazing values and not nutritional history. Studies examining specific
forage attributes have shown that dry matter digestibility, crude protein and fiber
conients are often significantly correlated to ruminant diet seie “ion (Gesshe and
Walton 1981). Interpretation of ihese relationships is problematic because there is no
evidence that animals can detect these components directly. In this study, sucha

relationship was not established.

The physical structure of forages has also been related to selection. Ruminants select
Jeaves over stems (Arnold 1960), new growth over old t »wn material (Hamilton et
al. 1973) and for plant species hig.icr in moisture content ove rier material (Gesshe
and Walton 1981). LW wapiti spent a considerable am~mt of time in lowland
grassland. However, in July this relationship was not as obvious. Higher fiber
levels and high proportions of dead brown material may have infly >ced selection of

upland hab: ("t

Conclusicen

Wapiti maintained on a low quality diet over winter, spent more time foraging and
foraged faster than wapiti wintered on high quality diet. "They also spent less time
engaged in energetically expensive activities. By foraging longer, LW wapiti were
able to ingest more feed and therefore were able to comp.cr.sate for their condition loss
in winter. They also increased their daily forage intake by foraging faster (bites/min).

Bite size and cropping rate were greatly influenced by hatitat type. Bite size
increased with increasing plant biomass and decreased with an increase in cropping
rate. Cropping rates were higher in early spring but decreased as biomass increased

in summer when forage was highly digestible.

Although wapiti were able to increase forage intake and diet quality by selecting
habitats offering superior opportunities, both HW and LW wapiti used the habitats in
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a similar manner. Selecting superior habitats did not appear to be a unique part of the

adaptive strategy of wapiti undergoing compensatory growth.
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ig. V.1. Monthly forage biomass (Kg/haj o1 3 habitats in paddock grazed by wapiti.
* snificant differences between habitats and months (P<0.001).

71



Intake (g/day)

4000 A --%-— ?:%/
0 % %
2000{| 77 % % N

[0 bite-count
single dose

Fig. V.2. Comparison of dry matter intake (g/day) of wapiti stags from April to July
based on bite~count and single dose (chromium oxide) methods. Significant differences in

April (P<0.001).
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Fig. V.3. Percent time spent walking (top) and foraging (bottom) of LW (open bars) and HW
(hatched bars) wapiti. Other activites were not significantly different between treatments (P>0.1).
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Vi. INTEGRATING DISCUSSION

Young wapiti stags in my study demonstrated a capacity for compensatory growth
after a period of undernutrition in winter. Wapiti stags that received alfalfa-brome
hay in winter exploited the compensatory growth phenomenon on pasture. Young
wapiti that were lighter at the start of spring due to winter undernutrition showed
superior weight gains, and fully compensated their weight on summer pasture. LW
wapiti also increased in frame size during the compensation period and attained
similar sizes. This indicated that the skeleton as well as soft tissue were invclived in
compensatory growth in wapiti.

Wilson and Osbourn (1960) and Donaelly et al. (1974) concluded that part of the
increased weight gain during compensation reflected increases in gut content. |
measured its contribution and concluded that gut fill could not fully account for
increase in weight gains. Body composition of wapiti maintained in a low quality dict
in winter after compensation was similar 1o that of HW wapiti. Therefore,
undernutrition in winter, did not alter the body composition of young growing wapiti.

Young wapiti stags wintered on Jow quality diet showed a pronounced increase in
voluntarily feed intake on spring/summer pastures. Higher intakes and
consequently, higher gains of LW wapiti were not explained. Diet digestibility, and
therefore digestive efficiency were not important effects of nutritional history.
However, compensating wapiti had higher intakes relative to maintenance
requirements. I concluded that a high level of feed consumption provided a large
margin above maitenance needs, thus allowing a high proportion of energy to be used
for compensatory growth.

A comparison of behavior and performance of the two groups of wapiti during the
compensating period, showed that both were influenced by the nutritional history.
High daily weight gains were explained by higher feed intakes. Higher intake rates
were achieved primarily through foraging longer and foraging much faster. Feeding
rates were primarily determined by forage characteristics and appetite. Although
wapiti could have increased dry matter intake by selecting habitats offering superior
foraging opportunities, both HW and LW wapiti used the habitats in a similar
manner. However, in April, LW wapiti preferred lowland grasslands. Selection of
this habitat appeared to be strongly influenced by forage availability and quality.
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Compensatory growth seems to be a complex multifactorial phenomenon enabling
animals to survive in climates involving annually 'difficult’ seasons. Despite weight
stasis or loss during winter when feed diminishes in supply and quality, such
animals eventually achieve normal mature size by increased rates of growth during
periods of adequate feed supply. Summer weight gain is strongly related to body
weight and condition at the end of winter, and differences in weight are largely made
up by the rut (Hudson et al. 1985). During spring/summer, when good quality
forage is abundant, wapiti eat above maintenance requirements to optimize growth
and replenish depleted body tissue store. Therefore, the animal's ability to
demonstrate weight gains during a short growth pulses ensures early maturity, and
early reproductive success. This adaptation permits wapiti to exploit seasonally harsh
environments and to anticipate and prepare for predictably changing conditions.

Intermittent restrictions in feed intake, whether they are imposed by management or
reflect seasonal variability, are characteristic of most animals in production systems,
particularly those based on extensive grazing. When the feed restriction is removed,
animals show an increased voluntarily intake, and this is largely responsible for
compensatory growth. The existence of the phenomenon if often to justify
withholding expensive supplements from grazing animals during periods of feed
sho:tage. However, growth compensation is only possible if pasture biomass is

sufficient to permit it.
Practical implications

This natural rhythm provides an opportunity for game farmers to work with rather
than against nature, capitalizing on the seasonal adaptations of indigenous ruminants.
Animals conserve energy during seasons when feed is in diminishing supply and
quality, then show marked increase and actually show superior gains over animals
maintained on high quality, free~choice feed. During times when feed is in
diminishing supplies (particularly in winter or dry season), animals can be fed less
without reducing their capacity to recover. Recovery from undernutrition depends on
several factors as suggested by Wilson and Osbourn (1960) and Reid and White
(1977). This factors include, the nature of undernutrtion, severity of undernutrition,
duration of the undernutrition period, stages of development at which undernutrition
is imposed, the relative rate at which an animals matures, and its effect upon recovery

and pattern of realimentation.
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It is however, as a means of reducing the cost of rearing farm animals for meat that
compensatory growth has the greatest application. With the increasing prices of
cereals and purchased conserved fodders, the costs of maintaining livestock over
winter period need careful consideration. Hnowever, winter feeding restrictions must
not be too severe (i.e 10t to interfere with hyperplasia or hypertrophy), or else
complete compensation may not occur during the following grazing season (Wilson
and Osbourn 1960). The decrease in forage quantity and quality in late summer may
also limit the extent of compensation during the grazing period (Wright 1985).

For farm animals to exploit fully compensatory growth on summer pastures, any feed
restriction must be imposed immediately prior to the spring forage growth.

However, whenever a farmer is faced with a problem of temporary scarcity of feed,
as when spring is late, he can either ration the feed as a constant daily allowance, or
he can give larger quantities of feed at less frequent intervals. There is evidence that
the latter system is preferable. This short periods followed by ad libitum feeding on
pasture, will enable animals to exploit compensatory growth. In this experiment,
alfalfa-brome hay is a suitable winter diet and weaned stag calves could be fed to
attain spring weights of about 150 kg, without impairing their capacity to compensate
completely on summer pasture.

For a number of reasons, wapiti will be raised commercially under more extensive
systems. This will demand a deeper understanding of compensatory phenomena and
related mechanisms, and this will result in a more judicious application. One of the
most pressing questions is that of determining optimal winter weight loss for different
classes (age/sex) of wapiti and the appropriate siocking rates. Once we understand
how to fully exploit compensatory growth, considerable cost savings and benefits
can emerge from restricting animals at strategic times growth and development.

Given the often unpredictable feed supply, the question may not be so much one of
whether or not to restrict, but rather when and to what extent so as to minimize

losses.
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Appendix 1

Monthly weight dynamics (kg) of LW and HW wapiti at the Ministik Wildlife
Research Station.

Month Dec __Jan Feb _ March April May June July

LW wapiti

8901 178 183 176 170 170 181 203 300
8903 172 177 172 167 163 168 188 203
8911 160 164 156 157 155 157 173 185
8913 138 145 137 136 128 128 152 164
8919 146 149 142 136 127 132 159 161
8923 134 135 135 127 117 — — —_
HW wapiti

8905 139 163 150 161 161 166 191 191
8907 143 146 150 164 164 169 186 200
8909 152 161 166 176 173 172 184 195
8915 140 142 149 161 161 156 172 180

8917 125 133 136 145 152 139 152 162




Appendix ?
Linear measurements (cm) for LW and HW wapiti on May 1 and August 2 at the Ministik
Research Station.

May | August 2

Month

Length girth hip Length girth tap

width width

LW wapiti
8901 — — - - — -
8903 137 122 14.9 165.1 143.5 17.8
8911 136.6 1163 14.5 — — —
8913 124.5 109.2 11.4 147.3 137.2 14
8919 1219 101.6 8.9 153.7 132.1 17.8
8923 117.1 96.5 7.9 — — —_
HW wapiti
8905 146.1 127 15.5 172.7 144 17.8
8907 132.1 127 15 1524 141.6 16.5
8909 146.1 138.6 13.5 157.5 1435 15.9
8915 144.1 128.3 13.5 142.2 130.8 15.2

8917 |4l:0 124.5 13.5 157.5 139.7 15.7




Appendix 3

Percent urea space (us/kg), and blood urea nitrogen (mMol/L) of LW and HW wapiti
at the Ministik Wildlife Research Station.

Percent urea space Blood urea nitrogen
Month May | August 2 May 1 August 2
LW wapliti
8901 — — — —
8903 — 43.8 16.1 8.6
8911 39.4 54.6 13.6 79
8913 83.1 513 154 9.6
8919 - — 154 -
8923 — — - —
HW wapiti
8905 62.4 42.7 104 8.6
8907 59 44.2 8.9 15
8909 91.8 46.8 8.2 7.9
8915 99.7 414 9.3 7.1

8917 60.1 48.5 10.4 7.9
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Appendix 4

Monthly mean and standard errors of three habitats biomass (kg/ha), poplar forest
upland and lowland grasslands at the Ministik Wildlife Research Station

Month Poplar forest Upland grassland Lowland grassland

ea Se __ Mean Se . Mean__ _Se .
April 28 278.6 229 4133 329 167.8 329
May 11 462.5 62.2 880.4 57.8 709.7 61.1
May 30 945.7 102.7 968.8 30.6 682.0 64.6
June 19 1384.2 180.2 1674.4 162.3 1051.7 42.7

July 25 167.9 29.0 639.2 394 297.2 22.1



Appendix 5

Percentage of 24-hour day allocated to different activities by LW and HW wapiti at the
Ministik Wildlife reasearch Station. Dates shown are the starting dates for the trials.

Activity Foraging Resting Standing Walking
+ others
Animal_no.
APRIL 28
8901 — — - —
8903 57 34 6 3
8911 50 47 2 3
8913 53 35 9 2
8919 53 39 6 2
8923 56 37 5 1
8905 45 41 7 7
8907 41 43 9 7
8909 43 42 9 4
8915 48 39 10 1
8917 52 36 10 1
MAY 11
8901 36 54 8 2
8903 35 52 9 4
8911 37 53 7 3
8913 35 50 8 6
8919 37 51 7 5
8905 33 48 9 9
8907 27 52 8 11
8909 31 54 6 8
8915 27 53 12 8
8917 32 55 8 7
JUNE 19
8901 31 51 14 4
8903 35 49 14 2
8911 34 50 15 1
8913 38 4 14 4
8919 35 54 15 3
8905 30 54 15 2
8907 31 52 14 2
8909 31 55 12 1
8915 30 52 15 4
8917 38 43 17 3
JULY 25
8901 18 59 8 12
8903 9 68 9 14
8911 10 70 8 12
8913 8 61 17 13
8919 11 65 7 15
8905 17 60 7 15
8907 12 63 8 17
8909 15 59 12 15
8915 7 67 11 15

8917 16 56 12 16




Appendix 6

Digestive parameters of LW and HW wapiti during spring/summer 1990 at the Ministik
Wildlife Research Station. Dates shown are the starting dates for the trials.

Month Digestibility Gut fill Mean retention Fecal Output
(%) (kg) time (h) (kg/d)
APRIL 24
8901 — _— —_ —
8903 38.5 461 355 1.46
8911 46.1 2.66 36.3 1.23
8913 335 2.59 35.0 1.13
8919 393 2.87 30.8 1.18
8923 28.2 1.81 339 0.99
8905 484 1.97 36.2 1.07
8907 50.0 242 33.7 1.22
8909 52.7 3.58 30.2 1.51
8915 57.1 2.37 413 1.12
MAY 13
8901 785 2.56 25.2 1.00
8903 75.9 2.67 23.6 1.45
8911 76.5 2.59 23.6 1.04
8913 74.9 3.19 22.0 1.42
8919 714 3.79 22.7 1.46
8905 75.0 2.0 248 0.94
8907 77.0 2.26 20.2 099
8909 74.1 2.66 24.6 1.03
8915 733 3.14 18.6 1.11
8917 78.4 2.68 21.7 0.90
JUNE 26
8901 73.1 3.31 17.0 2.11
8903 69.0 8.72 16.9 236
8911 69.1 3.19 182 1.45
8913 71.6 4.59 18.3 1.83
8919 69.1 2.55 19.6 1.76
8905 66.0 2.54 17.7 1.47
8907 68.0 2.09 29.1 1.17
8909 70.4 2.72 234 1.70
8915 71.9 293 389 1.96
8917 65.0 3.19 19.5 1.91
JULY 22
8901 56.7 3.20 34.3 1.35
8903 49.2 222 249 1.48
8911 46.1 236 27.3 1.45
8913 56.0 2.11 220 1.41
8919 44.1 2.09 25.2 1.43
8905 37.1 1.74 230 1.40
8907 46.0 1.82 19.6 1.56
8909 40.0 2.53 29.5 1.54
8915 440 3.05 29.5 1.78

8917 46.1 221 25.0 1.48




