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ABSTRACT

Moose (Alces alces) have dynamic seasonal patterns of

food intake and body weight changes. Body weight may vary
by 35% from winter lows to summer highs. Food intake levels
during summer may exceed winter levels by up to a factor of
-5, Forage quality and availability are thought to drive éhe
seasonal patterns of food intake and weight loss.

Chenges in digestive strategy of moose in winter and
spring were analyzed in this thesis. During December, the
total mean retention time (TMRT) of food in the alimentary
tract increased as dry matter intake decreased, while
alimentary fill remained constant. In contrast, during
April TMRT did not increase with increased intake; rather,
alimentary fill increased. There appearea to. be a seasonal
digestive strategy for optimizing nutrient intake.

True basal metabolic rate (TBM) was estimated using
regression analysis of heat production on metabolizable
energy intake. TBM was_estimated at 68.8, close to the
interspecies mean of 70 (kcal/kg BWO'75/d). However,
differences in TBM noted during December, February, and
April were not significant,

Paper birch (Betula papyrifera) twigs were collected

during winter and cut from the tip to 8 specific diameters

(2-9 mm), and analyzed for neutral detergent fiber, acid

]



detergent fiber, crude protein, acid detergent lignin, ash,
and ii vitro dry matter disappearance. Results indicated
that dietary quality decreased with increasing diameter.
Moose subjected to 4 different stocking rates (23, 31, 41,
and 66% utilization of paper birch) showed no difference in
the diameter of paper birch (mean = 2.66 mm) harvested.

A simulation model was presented in which food intake
by moose was controlled by both physiological demands and
alimentary capacity. Seasonal estimates of food intake
changed with energy demands. The model proved useful in

estimating seasonal energy requirements.of moose.
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INTRODUCTION

Moose (Alces alces) are the largest living members of

the family Cervidae and have a circumpolar distribution. 1In
Alaska, moose are an important big game species, providing
recreational opportunities and food for many Alaskans.

There are approximately 60,000 moose distributed throughout
éhe state with about 5,000 moose harvested yearly for human
consumption.

In southcentral Alaska, shrub and early successional
forest vegetation is the preferred moose habitat and is
mainly perpetuated by fires, flooding, and avalanches
(LeResche et al. 1974). In the natural sequence, new
habitat remains highly productive for 25 to 35 years, and in
the latter half of this period it is dominated bv paper

birch (Betula papvrifera) (Oldemeyer and Regelin 1986).

In Alaska, urban sprawl, geological development, and
hydro-electrical development are reducing the amount of
moose habitat., Fire suppression also reduces the amount of
early successional plant communities that are in many
instances prime moose habitat. 1In addition, a growing human
population has increased demands for a greater moose harvest.
These factors have caused moose management in Alaska to
change from passive monitoring to intensive management with

habitat enhancement and predator management programs.



To understand moose population dynamics and how removal
of land from productive moose habitat affects populations,
it is essential to know the carrying capacity of the land
(i.e., maximum number of moose that can live and reproduce
per unit area on a sustainable basis). Carrying capacity:
can be calculated by estimating the forage available and the
efficiency of the animal in processing that forage,
ultimately converting a percentage of it to excess animals
for harvest. In the process, the ingested forage is
partitioned into energy necessary for maintenance, growth,
and reproduction.

Fancy (1986) conducted a sensitivity analvsis on a

model of caribou (Rangifer tarandus) energy budgets and

found ﬁhat food intake, food digestibility, and fasting
metabolic rate had the greatest effects on animal production.
Understanding the implications of diet digestibility, food
intake, and basal metabolism for maintenance and production
necessitates partitioning energy flows in the animal.
Knowledge about factors controlling food intake, diet
digestibility, and metabolic rate are important to develop
an understanding of the strategies evolved by moose to meet
their seasonal energy requirements. Partitioning the flow
of energy in the animal will provide insight into how these
factors function and interact to determine energy require-

ments and carrying capacity of the range.



Control of Food Intake

Food intake is controlled ultimately by the brain
(Anand 1961). Gut fill receptors in the rumen wall appear
to be the primary agents ending a feeding bout in domestic
ruminants (Campling 1970). High fiber diets result in
shorter feeding bouts and may limit daily forage intake.
However, daily forage intake increases with increasing diet
digestibility. A linear increase in forage intake up to 82%
digestibility has Seen noted for &attle (Freer 1981). Ellis
({1978) reported that the rumen volume, amount of space
occupied by undigested material, and rate of chemical and
physical breakdown of digestible material are the factors
-which determine forage intake. The actual mechanism
controlling this response is conjectural; however, Van Soest
{1982) suggested that the rate of outflow of undigested
residue from the digestive tract is the limiting factor and
therefore feces output is the controlling variable.

Intake during a feeding event is not only controlled by
stretch receptors in the rumen (physical control) but also
by physiological factors, again integrated bv the central
nervous system (Montgomery and Baumgardt 1965). The
critical level where control of intake switches from
. physical control (i.e., gut fill) to physiological control

varies with animal energy requirements (Robbins 1983).



Moosg in captivity have demonstrated a seasonality of
intake when offered high-quality food vear-round (Schwartz
et ai. 1984) . Peak forage intake occurs in summer and
coincides with high forage availability and quality; it
reaches a low point during winter (Jan-Mar), a period of low
forage quality and often low availability. This seasonality
in appetite is positively related with availability and
quality of the forage resources, and is not only apparent in
moose, but in several othér wild ruminants (Wood et al.
1962, Bandy et al. 1970, McEwan and Whitehead 1970, Ozoga
and Verme 1970, Westra and Hudson 1981, Wheaton and Brown
1983).

Seasonal changes in weight have been reported for moose
by Franzmann et al. (1978) and Schwartz et al. (1584). It
is clear that northern ruminants have evolved physiological
mechanisms to store energy and protein when they are readily
available to serve as a reserve during periods of nutrient

shortage.

Food Quality

For herbivores, foods are not equal in their capacity
to support animal functions of maintenance, growth, and
reproduction. Diets supply energy and essential nutrients
(i.e., nitrogen, minerals, vitamins). Of these, energy is

most often the limiting factor for the herbivore.



Evaluation of forage quality by chemical analysis is
most often done as described by Van Soest (1967). This
method is based on the anatomy of the plant cell in relation
to the nutritive availability of the different chemical
components in a plant éell. The Gan Soest system separates
the plant into cell wall and cell contents. The cell
contents consist of lipids, sugars, pectin, starch, non-
protein nitrogen, and protein. The cell contents are
considered to be 98-100% digestible (Van Soest 1967). The
cell wall component contains hemicellulose, fiber-bound
protein, cellulose, lignin, and lignified nitrogen. Cell
walls are digested by microbes in the rumen; their ability
to digest lignin-associated proteins and carbohydrates
depends on the extent of lignification.

Plants have evolved defense mechanisms for protection
against herbivory. Many plants contain substances that
inhibit digestion by impeding enzymatic digestion. Lignin,
cutin, suberin, and biogenic silica are plant structural
components that physically inhibit digestion. Plants also
contain chemicals that prevent or reduce microbial diges-
tion. These digestive iphibitory materials are often termed
secondary chemicals because they are produced as metabolic
by-products of the plants. Secondary chemicals are a
heterogeneous mix of small molecular weight compounds that
interfere with microbial digestion, growth, and reproduction

(Freeland and Janzen 1974, Scott 1974).



Plant defense mechanisms often deter herbivory, thereby
influencing dietary selection (Bryant and Kuropat 1980).
Foraging and dietary selection theory is based on optimiza-
tion of energy cost-benefit functions (Krebs 1978).

However, animal selectiviéy of dietary constituents may not
be directly related to optimal nutrient acquisition alone,
but to a complex relationship between nutrient content,

forage quantity, and secondary chemical avoidance.

Metabolic Rate

Fasting metabolic rate (FMR) is the most important
component of the daily energy budget of the ruminant (Blaxter
1962, Kleiber 1975)., Determining the mechanism that controls
FMR is necessary to gain an understanding of the seasonal
dynamics of weight change and feed intake.

Using classical methods of calorimetry, Regelin et al.
(1985) have shown seasonal changes in FMR with moose. These
findings support previous data for roe deer (Capreolus

capreclus; Weiner 1977), white-tailed deer (Odocoileus

virginianus; Silver et al. 1969), and caribou (McEwan and

Whitehead 1970). Regelin et al. (1985) reported FMR of
moose varied by 88% from summer highs to winter lows.
Though food intake was not measured in the study, peak FMR
coincided with expected peak intakes measured in other

studies with moose (Schwartz et al. 1984},



Seasonal fluctuations in forage quality and forage
quantity coincidé with seasonal FMR. Whether the 88%
seasonal variation in FMR reported for moose (Regelin et al.
1985) are seasonal (i.e., photoperiod) or related to food
quality or food quantity is unknown. Understanding factors
that influence seasonal FMR is important for determining

seasonal energy partitioning.

HYpotheses

The purpose of this study was to investigate the effect
of diet qualitv and quantity on energy partitioning in
moose. There were 3 hypotheses tested during the study:

1) Nutritive quality of available forage decreases as
the level of fora@e utiliiation increases.

In Chapter 1 data are presented on the nutritive value
of paper birch in relation to 4 different moose stocking
rates at the Moose Research Center, Kenai Peninsula, Alaska.
The influence of browsing diameter on nutritive quality of
paper birch is presented.

2) As forage intake decreases, passage rate through
the alimentary tract decreases, which serves to increase
diet digestibility.

Chapter 2 describes the results of 3 passage rate
trials in which diet quality is held constant and intake is

varied. The effects of intake on liquid and particulate



passage rates are presented. Also included are estimates of
alimentary tract volume in relation to food intake and
season.

3) As forage availability and quality decrease,
fasting metabolic rate decreases to lower animal maintenance
requirements.

Chapter 3 relates the influence of metabolizable energy
intake on resting metabolism. Also presented are estimates
of true basal metabolism, the efficiency of retention of
metabolizable energy, and methodologv for comparing data on
metabolic rates when different techniques were employed.

Chapter 4 describes a model simulating moose metabolism
which incorporates the data from chapters 2 and 3. The
model generates food intake requirements to meet target body
condition values. Both physical and physiological éontrol
mechanisms are invoked depending on diet quality énd physio-
logical demands to meet target (i.e., seasonal) body

condition.



CHAPTER 1

WINTER NUTRITIONAL COMPOSITION OF PAPER BIRCH

INTRODUCTION
The winter browse supply and its nutritive quality are

important to moose (Alces alces) range carrying capacity

(LeResche et al. 1974). 1In Alaska, early stages of forest
succession provide an abundance of excellent moose forage

(i.e., aspen (Populus tremuloides) and willow (Salix spp.)).

Later, the habitat is dominated by paper birch (Betula

papyrifera) and birch becomes the dominant item in the moose

diet under intensive utilization, even though it is less
preferred than willow or aspen. Vegetation conditions
become less favorable to moose 25 to 35 vears following a
disturbance. The birch trees grow out of reach and little
understory vegetation is utilized by moose.

Winter forage quality limits forage intake for moose
(Renecker and Hudson 1985). Therefore, identifying the
-factors controlling forage quality is important. Of
particular importance is the digestibility of the forage as
well as the nondigestible fiber content of the twigs.

Nutritional content of twigs from great willow (Salix

capera), European mountain ash (Sorbus aucuparia), and

silver birch (Betula pendula) decrease with increasing twig

diameters (Hjeljord et al. 1982). Therefore, estimation of
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the nutritional content of browse in the diet of moose
requires an estimation of the browsing point diameter (i.e.,
the diameter at which the moose breaks off the twig). Such
measurements have not been made for paper birch of the Kenai
Peninsula. Presumably, moose clip twigs to a point of
diminishing nutritional return when moose densities are low,
but may take larger diameter twigs as the forage supply
declines at high moose densities.

This study was conducted to determine the moose
browsing point diameters of paper birch in enclosures
stocked with moose at 4 different winter densities (moose/kg
paper birch available). The nutritional quality of browse
consumed under each stocking rate was determined by relating
the quality of whole twigs clipped at a specified diameter.
Nutritional quality was inferred from measurement of in
vitro dry matter disappearance (IVDMD), crude protein (CP),

and fiber components.

STUDY LOCATION AND METHODS
Location

The Moose Research Center (MRC) was established in 1967
and is located on the Kenai National Wildlife Refuge about
40 miles northeast of Soldotna, Alaska. The Alaska
Department of Fish and Game constructed and maintains the

research facilities under a cooperative agreement with the



U.S. Fish and Wildlife Service. Four 260 ha enclosures were
completed in 1971 with subsequent additions of digestion
stalls, individual feeding pens, and an open circuit
respiration chamber.

The MRC is located in a mixed birch-spruce forest which
was burned by wildfire in 1947. Each pen is a mosaic of
burned and unburned vegetation. Topography is flat to
gently rolling hills in each pen. Approximately 60 ha of 1
pen was crushed by mechanical crushers in 1976 and is
currently in an earlier successional stage than the other 3

pens.

Nutritional Content by Diameter

Unbrowsed paper birch twigs were collected during April
1984 outside the éxperimenﬁal enclosures but close to the
MRC. The twigs were collected from birch trees along 1-km
linear transects. Every third tree along the transect was
sampled with no more than 3 twigs collected from each tree,
Twigs were cut at 8 specified diameters (2-9 mm), and the
entire twig from the specified diameter to the distal end
was taken for analysis. This collection system emulated the
observed browsing of moose.

One hundred twigs of each diameter were collected and
composited by diameter for chemical analysis. Samples were

dried at 50C and ground through a 40 mesh screen in a Wiley

11
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mill. The ground samples were stored in air tight
containers prior to chemical analysis.

Chemical analvses were performed at the Animal Science
Nutrition Laboratorv, New Mexico State University. All data
are presented on a dry matter basis, with values for ash,
crude protein (CP), neutral detergent fiber (NDF), acid
detergent fiber (ADF), and acid detergent lignin (ADL)
determined. according to the procedures of AOAC (1980).
Values for neutral detergent solubles (NDS) and
hemicellulose were calculated as described by Van Soest
(1967) . IVDMD was done using rumen fluid from a yearling
male moose that was free-ranging on winter browse prior to
collection. The moose was shot in the head and the rumen
fluid was maintained in the body cavity for 2 hours during
transit. 'After transit the rumen fluid was removed and
IVDMD procedures were carried out as outlined by Pearson

(1970).

Moose Browse Point Diameter

This study was part of a larger, more intense vegeta-
tion study at the MRC and is reported in detail bv Regelin
et al. (1986). The number of marked paper birch used to
estimate browsing point diameter varied from 196 to 279 in
each of the 4 enclosures. Trees were marked in August and
each tree was revisited in May. Following winter browsing,

all moose browse points were measured to the nearest 0.01 mm.



Pre-~ and postbrowsing biomass were estimated from twig
diameter:weight relationships. Utilization was estimated by
subtracting postbrowsing biomass (i.e., twig biomass
remaining after browsing) from prebrowsing biomass and
dividing the difference by prebrowsing biomass.

Moose densities in the enclosures have historically
varied from 0 moose/pen to 28 moose/pen. However, in the
previous 5 years moose densities varied from 0 to 8
moose/pen. During the current study, moose densities in
each of the pens were manipulated to remove 35%, 100%, 50%,
and 75% of the winter browse forage for each of the
enclosures 1, 2, 3, and 4, respectively. The stocking rates
used were estimated by using predictions of forage intake
based on output from a nutrient carrying capacity model
proposed by Swift (1983).

Relationship of nutritional content with diémeter were
analyzed by the testing of 4 different regression models
(Statgraphics 1985) for best fit (simple linear, multiplica-

tive, logarithmic, and exponential models).

RESULTS AND DISCUSSION

Moose Browse Point Diameter

Moose browsing point diameter was not significantly
different among the 4 different stocking rates (Table 1).

The pooled mean browsing point diameter is 2.6 mm and the

13
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Table 1. Winter stocking rates of moose (kg of forage
available per moose day) and moose browse point
diameter of paper birch removed by moose under 4
different stocking rates, Moose Research Center,
Kenai Peninsula, Alaska, during winter 1983-84.
Stocking a
Pen rate N Diam SD
1 7.75 194 2.64 1.180
2 2.75 195 2.55 1.100
3 5.40 100 2.50 0.945
4 5.40 82 2.83 0.958
a

Browse point diameter in mm



distribution was bell shaped, but slightly skewed right
(Fig. 1). Desired utilization levels were not achieved
during the study, but rather ranged from 23 to 66% utiliza-
tion (Table 2; Regelin et al. 1986). These results indicate
that increasing the utilization level from 23 to 66% did not
increase the diameter of paper birch twigs browsed by moose
but rather increased the utilization of each marked tree

(Table 2).

Nutritional Content by Diameter

Nutritive analysis of paper birch showed CP and ash
content declined with increasing diameter, whereas NDF and
ADF content increased with increasing diameters (Table 3}.
The relationships between diameters and individual nutrients
were tested using 4 regression models as previously
described. The multiplicative model Ymaxb where
Y=nutritional content, a and b ére constants and X=browse
point diameter) accounted for the most variance and also had
the greatest biological basis. The equations used for
prediction of twig weight from a known diameter were derived
from sampling paper birch twigs (n=1600) and were also
multiplicative (Regelin et al. 1986).

A significant (p<0.05) relationship was found for twig
diameter with all nutritive components except ADL (Table 4).

Fig. 2 shows the chemical analysis of nutritional content by

15
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Table 2. Comparison of 3 methods of measuring browse
utilization levels of paper birch current annual
growth (CAG) by moose at the Moose Research
Center, Kenai Peninsula, Alaska, winter 1983-84,

Biomassb Number of CAG Number of birch
Pen removed stems browsed shrubs browsed
1 41 + 11 37 + 7 52 + 7
2 23 + 10 20 + 4 - 40 + 6
3 31 + 14 32 + 6 63 + 5
4 66 + 10 60 + 7 69 + 5

a Regelin et al.

Utilization +

1986
80% confidence interval

17



Table 3. Nutritional content® (dry matter basis) of twigs
composited by diameter (DIAM; mm). Twigs were
collected in April 1984 on the Kenai Peninsula of

Alaska.
DIAM NDS Ccp NDF ADF ADL ASH IVDMD PDMD
2 38.2 8.3 61.8 49.3 27.7 1.96 —_———— 37.4
3 30.4 7.5 69.6 56.2 28.7 1.54 18.9 33.4
4 29.0 6,0 71.0 56.7 29,0 1,51 19.4 32.0
5 26.3 5.9 73.7 58,7 29.5 1.38 16.7 30.0
6 22.6 5.5 77.4 61.0 25.5 1.40 16.9 34.4
7 22.% 5.5 77.5 61.3 27.2 1.36 13.8 31.5
8 20.6 4.9 79.4 64.0 28.5 1.22 14.5 29.3
9 20.3 5.1 79.7 63.6 26.1 1.26 12.6 32.7

& NDS = Neutral detergent solubles; CP = Crude protein (%

nitrogen * 6.25); NDF = Neutral detergent fiber; ADF = Acid
detergent fiber; ADL = Acid detergent lignin; IVDMD = % In
Vitro Dry Matter Disappearance; PDMD = Predicted apparent
digestibility.
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Table 4. Regression of nutritional composition of paper
birch twigs (Y) on browse point diameters (X).
Twigs were collected in April 1984 on the Kenai
Peninsula of Alaska.

Regression model Y=axb

Nutritional 2

Component n a b , r” Sig.
CP 8 10.5 -0.348 0.943 p<0.005
NDS 8 50.5 -0.422 0.999 p<0.005
NDF 8 56.6 0.164 - 0.960 p<0.005
ADF 8 45.4 0.160 0.943 p<0.005
ADL 8 29.4 -0.037 0.135 ns
ASH 8 2.2 -0,273 0.906 p<0.005
IVDMD 7 31.0 -0.384 0.846 p<0.005
PDMD 8 38.1 -0.099 0.434 ns

a

CP = Crude protein (% nitrogen * 6.25); NDS = Neutral
detergent solubles; NDF = Neutral detergent fiber; ADF =
Acid detergent fiber; ADL = Acid detergent lignin; IVDMD =
In Vitro Dry Matter Disappearance; PDMD = Predicted apparent
digestibility
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diameter of paper birch during winter. Independent of twig
diameter, ADL remained high and constant at 30%. The major
constituent changes were a loss of NDS and a comparative
increase in cellulose as diameter increased. This increase
in less digestible material was accompanied by a decrease in
IVDMD with increasing twig diameter (Fig. 3}.

The classical method of reporting nutritional content
of browse was by nutritional analysis of current annual
growth., However, the results presented‘here are made
without consideration of current annual growth but with
regard to diameter only.

Hjeljord et al. (1982} reported nutritional content by
diameter of great willow, European mountain ash, and silver
birch. Reanalysis of his data using a multiplicative model
produced results similar to those measured in this study
(Table 5). The intercepts of great willow and European
mountain ash are much higher than paper birch (66.9 and 57.9
vs. 31.0%) indicating higher digestibility, whereas silver
birch and paper birch were similar (32.2 vs. 31.0%). Of
further interest is the greater decrease in digestibility
with increasing diameter of silver birch. Great willow and
European mountain ash depict a more gradual decrease in
digestibility with an'increasing diameter than that of paper
birch or silver birch.

The IVDMD of twigs with a diameter of 2.68 mm were

estimated for paper birch, silver birch, great willow, and

21
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Table 5. Between-species comparison of winter In vitro dry
in relation to
twig diameter (X) of paper birch, great willow,

matter disappearance (IVDMD)

European mountain ash, and silver birch.

(Y)

A twig

diameter of 2.68 mm (X) was used for comparison of
the 4 different species,

Regression model Y=axb

Species N a b r? Sig. IVDMD
Paper Birch 7 30.98 -0.384 0.846 p-0.005 21.2
Great Willow 6 66,93 -0.338 0.922 p~0.005 48.0
E. Mountain Ash 6 57.87 -0.335 0.926 p<0.005 41.6
Silver Birch 6 32.23 -0.520 0.935 p<0.005 15.3

23
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European mountain ash using regression analysis techniques
(Table 5). The slopes reflect changes in composition and
suggest that changes are most dramatic for silver birch.
The basis for differences between the birches is not known;
however, a small change in the maximum point of browsing by
moose results in a larger change in IVDMD for silver birch.
Nutrient content of the paper birch harvested in each
of the enclosures was estimated using the mean browse point
and the nutritive content equations. This estimate
indicates little difference between IVDMD and CP removed

from the 4 treatments {Table 6).

Digestive Inhibitors

The Van ‘Soest fiher analysis svstem was developed for
use with grasses and legqumes (Van Soest 1967). In many
instances, the chemical composition of the grasses and
legumes differs considerably from woody browse (i.e., paper
birch) and consequently may lead to erroneous results
(Schwartz and Hobbs 1985). Robbins (1983} reported that the
secondary plant chemicals are extracted with the NDS
solution. This would incréase the NDS fraction and over-
estimate the forage nutritional quality.

Paper birch is defended against herbivory byv structural

and secondary chemical defenses. Robbins (1983) states that



Table 6, Predicted crude protein (CP) and In Vitro Dry

Matter Disappearance (IVDMD) of paper birch

removed by moose under 4 different utilization

levels at the Moose Research Center, Kenai
Peninsula, Alaska, winter 1983-84.

Utilization Mean Browse IVDMD
(%) + B80% CI Diameter (mm) (SD) (%)
23 + 10 2.55 (1,100) 7.6 21.6
31 + 14 2.50 (0.945) 7.6 21.8
41 + 11 2.64 (1.180) 7.5 21.3
66 + 10 2.83 (0,958) 7.3 20.9
a

b

diameter)"o'Ss4

Crude protein = 10.5 * (browse point diameter)

% In vitro dry matter disappearance = 31.0 * (browse point



secondary plant chemicals will reduce the apparent digesti-
bility of NDS. Furthermore, Rhoades (1979) reported lignifi-
cation will reduce digestibility of carbohydrate bv impeding
enzymatic digestion.

In this study, IVDMD decreased with increasing twig
diameters (Fig. 2). This coincided with decreasing NDS as
diameters increased (Fig. 3). NDS of grasses and legumes
are 98-100% digestible in herbivores (Van Soest 1967). This
‘suggests interference of a digestive inhibitor on
digestibility of cell contents in the closed incubation in
vitro system.

The possible influence of plant defense mechanisms on
estimated nutritive quality is evident in the relationship
of NDS to IVDMD (Figqg. 4{. If all fractions other than. NDS
are considered nondigestible, then NDS digestibiiity of
paper birch twigs in this study was no higher than 61 to
75%. This is further substantiated by using Van Soest's
(1982) calculation of apparent digestibility from chemical
analysis which provides estimates 30 to 60% higher than the
observed IVDMD (Table 3). This observation is in agreement
with our reduced digestibility of NDS. The difference
between IVDMD and digestibility calculated from fiber
components suggests plant secondary compounds are reducing
digestibility. However, it is possible that the Van Scest

fiber analysis is not valid for shrubs and that formulas to
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predict digestibility from the fiber analysis are also
erroneous.

Twig diameter had no significant effect on digestibility
of NDS. However, i1if the difference between NDS and IVDMD is
examined as a direct reduction rather than a percentage
reduction there is a strong positive correlation between
digestibility inhibitors and twig diameter (Fig. 4).

Whether NDS is overestimated in this study due to
secondary compounds, or IVDMD is reduced by secondary
compounds, cannot be determined. However, it is evident
that secondary chemicals interfere with understanding the

relatiohships between Van Soest fiber analysis and IVDMD.

CONCLUSIONS

Increasing utilization of paper birch from 23 to 66%
~did not significantly increase moose browse point diameter
or decrease nutritive quality of paper birch in the diet.
However, whether moose eat thicker twigs beyond 66%
utilization cannot be predicted without further study.

Nutritional quality of paper birch in winter decreases
with increasing diameter of the twig utilized. Therefore,
people collecting browse samples for nutrition studies
should report clipping diameter along with forage evaluation
estimates.

Indirect evidence suggests that the most digestible

dietary component (NDS) was not completely digested and it
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is hypothesized that inhibitory agents were responsible.
Whether plant inhibitory agents caused overestimation of the
NDS component of the plant or actually reduced the
digestibility of NDS is not known. However, the digestive
inhibitors had a marked effect on the apparent digestibility
of paper birch. The use of IVDMD in relatioﬁ to potential
DMD based on chemical analysis (Van Soest 1982) is a useful
means to evaluate the presence and relative level of diges-

tive inhibitors.



CHAPTER 2

EFFECT OF INTAKE ON DIGESTA RETENTION TIME IN MOOSE

INTRODUCTION

Food intake and digestibility are critical components
that control the availability of energy for ruminants
(Blaxter 1962, White 1983, Fancy 1986). Both the intake and
digestibility of low-quality foods may be controlled by
retention time in the rumen (Thornton and Minson 1972,
Mertens and Ely 1978, Bull et al. 1979, Holleman et al.
1983, Grovum 1984).

In domestic livestock, rumen retention time of both the
liquid and particulate phases of the digesta have been
correlated with volatile fatty acid proportions and
production rateé {Hodgsoﬁ and Thomas 1975, Isaacson et al.
1975), microbial proteiﬁ synthesis (Hespell 1979), and
amounts of microbial biomass flowing to the lower tract
(Harrison et al. 1976, Kellaway et al. 1978). These factors
are believed to control the efficiency of food energy
utilization, in both the digestive and postabsorptive phases
(Balch and Campling 1962, McClymont 1967, Jones 1972, Baile
and Forbes 1974).

The retention time of the particulate phase affects the
digestibility of the food components (Blaxter et al, 1956,

Faichney and Gherardi 1986), whereas the liquid phase has

30



31

been correlated with rumen bacterial metabolic efficiency
and microbial protein available to the host animal. There-
fore, the determination of retention time of both the liquid
and particulate digesta in the rumen and alimentaryv tract
will provide insight into both digestion and metabolic
efficiency processes.

Ruminal and alimentary £fill may vary seasonally (Grovum
and Williams 1973, Milne et al. 1978, Forbes et al. 1981)
and with dietary specialization (Kay et al. 1979; Hoffmann
1982, 1983). These variations in rumen fill have implications
for physical control over food intake through activation of
stretch receptors (Campling 1970).

A new technique to estimate’ the amount of alimentary
fill in vivo with intact animals has been developed
(Holleman and White 1986) that will provide new insights
into the regulation of food intake. The technique involves
the use of a nondigestible particulate marker, so that
digesta retention time and alimentarv fill can be measured
simultaneously.

Only 1 studv (Schwartz et al. 1986a) has been conducted
in which liquid and particle flows have been measured with

moose. That study and those with reindeer (Rangifer tarandus)

and muskoxen (Ovibos moschatus) indicate that liquid rumen

turnover time (L- RTT) and particulate rumen turnover time

(P-RTT) are highly correlated and that L-RTT is 74% to 84%
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of that for the particulate phase (White et al. 1984). This
observation with northern wild ruminants is in marked
contrast to findings for cattle and sheep in which L-RTT is
much faster than P-RTT (Balch and Campling 1965, Bull et al.
1979).

All of these northern species (moose, reindeer, and
muskoxen) are to varying degrees concentrate selectors, or
adaptive mixed foragers, in Hoffman's scheme of herbivory
(Hoffman 1982). Particulate matter may flow more rapidly in
these species because they have adopted a strategy to pass
undigested materials quickly through the alimentary tract.
They eat forbs and browse material which contains short
lignified fibers that can be fractured rapidly into smaller
particles, whereas domestic species like sheep and cattle
consume a diet of grass and grass-like species containing
fiber components that retard passage through the digestive
tract (McCollum 1983).

White et al. (1984) reported that in winter a decline
in the nutritive value and digestibility of woody browse
resulted in a reduced voluntary food intake of moose while
mean L-RTT increased. This inverse relationship suggested
that a decline in forage quality cannot be compensated for
by an increase in ruminal and/or alimentary capacity. The
maintenance of alimentary tract fill appears adaptive. It

appears that the winter nutrient acquisition strategy is to
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optimize nutrient intake bv rapid passage through the
digestive tract, rather than maximizing digestion of winter
forages.

Ruminal and alimentary tract fill increased in summer
pompared to winter in free-foraging ruminants (Staaland et
al. 1979). Based on these facts, I hypothesized that a
seasonal shift occurs from one of fixed ruminal/alimentary
fill in winter to one of alimentarv plasticity in summer as
the forage quality increases. This plasticity would allow
increased intake while maintaining a sufficiently long total
mean retention time (TMRT) in the alimentary tract to
optimize digestibility.

I tested this hypothesis by varving the intake of a low
quality food in winter and spring and by measuring the
ﬁransit time and alimentarv fill. During winter, the
yrumen/alimentary fill should remain constant, independent of
intake, and total mean retention time {TMRT} would be
inversely related to food intake. In spring, alimentary
fill should vary with food intake, and TMRT would remain
constant. Testing this hypothesis would aid in understanding
aspects of moose foraging strategies.

The objectives of this studv were to:

a) determine the retention time of liquid and particulate

phases in the rumen and alimentary tract, and



b) determine if there is a seasonal shift in alimentary fill
and retention time in moose fed a low-quality, browse-

based diet.

METHODS

{The experiment was carried out at the Moose Research
Center (MRC), Kenai Peninsula, Alaska. Tame, hand-raised
adult (2-5 vears) moose were used in all trials. Trials 1
(Tl) and 2 (T2) were conducted during January and April of
1984, and trial 3 (T3) was conducted in April 1985. January
was considered to represent winter, while the April trials
represented the start of spring on the Kenai Peninsula.
During all trials animals were held individually in 3x10 m
open pens with free access to trace mineralized salt and

water.

Trials One and Two

Three food intake levels were fed {(treatments) to 3
moose on each treatment. Treatments levels were 70% (L},
85% of ad libitum (M), and ad libitum (H) of an identical,
low quality feed. Feeding level was based on g feed/kg
BW0'75 (MI) and recalculated weeklv. The diet consisted of
a pelleted ration (HQ) developed for moose (Table 7)
(Schwartz et al. 1985). The ration also contained 1.25%

chromium sesquioxide as an indigestible marker. Feed was



Table 7. Composition of pelleted diet (D.M. basis) fed to
moose in all trials during winter 1984-85, Moose
Research Center, Kenai Peninsula, Alaska.

Ingredient $ of Diet

Corn 28.7
Sawdust? 25.9
Oats, rolled 17.2
Soybean meal 7
Cane molasses 5
Barley 5
Beet pulp 5
Vitamin premix 0
Chromigm sesquioxide 1
Pelaid 1
Mycoban r

H

Nutritional Content

Crude Protein, % 9.9
Digestible Enerqgy, Kcal/g 2.74
Crude Fiber, % 24.3
Digestibility, % 60.2

a M

b Fiberite" Aspen sawdust

"Pelaid" (Rhodera Inc., Ashland, Ohio) used to enhance
c pelleting

"Mycoban" (Van Waters and Rogers, Anchorage, Alaska)
inhibits mold growth

35
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offered once daily and feed refusals were weighed and
subsampled for dry matter determination. Intake was

calculated on a daily basis during the trials.

51Chromium EDTA complex (Cr) was used to mark the

103ruthenium chloride (Ru) marked

12

liquid phase and
particulate phases of the digesta. Ru (2.22 X 10 dpm/kg
BW) was diluted to 2 ml with 10% hydrochloric acid and added
to 50 g of the pelleted feed to mark the particulate matter.
The amount of feed was selected to prevent altering the
pellet structure, when both marking solutions were added.

Cr (0.66 X 1012 dpm/kg BW) was diluted to 2 ml with H,0 and
added to the previously air dried Ru marked pellets.

Fecal samples were collected opportunistically from
ohserved defecations for 5 days postdosing. Care was taken
to prevent contamination from snow and/or particulate
matter. Fecal samples were placed in preweighed counting
vials and assayed with a dual channel gamma spectrometer,
Normal spectral stripping methods were used to calculate

marker concentrations, expressed as dpm/g dry matter

{Holleman et al. 1983).

Trial Three

In trial 3, 7 adult moose were fed ad libitum with the
same pelleted diet used in the 1lst experiment. Feed was

offered once daily at levels approximately 15% over the



previous week's mean intake to ensure refusals. Orts were
collected daily and subsampled for dry matter determination.
Intake was calculated on a daily basis.

Cobalt ethylene diaminetetracetic acid (Co) was used as
the liquid marker and was prepared as described by Uden et
al, (1980). Ytterbium chloride (Y¥b), the(particulate
marker, was prepared by soaking the feed with a Yb solution

and washing the marked feed with H,0 to remove unbound Yb

2
from the feed (Varga and Prigge 1982). The Yb marked only
indigestible materials, and the pelleted structure was
destroyed in the soaking and washing process. Soluble
materials associated with the pellet structure were lost in
the washing. Before dosing, the Yb marked feed was dried at
50C, and fed in the loose form rather than being repelleted.
A single dose of 300 g of marked feed (3 g»Yb)/moose and 10
g Co/moose was offered together with 300 g unmarked food.
The unmarked feed was offered to assist the animal in
consuming all the marked feed. 1If the marked feed was not
consumed within 20 min, the marked feed was removed and the
animal was not included in the trial.

Fecal samples were collected in T3 as previously
described for Tl and T2. Fecal samples were frozen upon
collection and thawed immediately prior to analysis.

Samples were dried at 50C and ground through a 2 mm screen

in a Wiley mill. Dry matter was determined by standard
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procedures (AOAC 1980). Analysis of the dried and ground
fecal material for Co and Yb was done as described by Hart
and Tolan (1984) using acetylene-nitrous oxide flame atomic

absorption.

Marker Calculations

All marker concentrations (Ru, Cr, ¥b and Co) in fecal
material were calculated on a dry matter basis. An inter-
active computer modeling program using a 2-pool model with 1
time delay was used to generate the 2 exponential components
and time delay from fecal excretion curves (Boston et al.
1981).,

Calculations of total alimentary fill were based on the
rate constants derived in simulation runs of the 2-pool

model (Holleman and White 1986).

1) RTT = Rumen turnover times (h)
K1 = Slope of the fecal excretion descending phase
RTT = 1/K

1

2) TMRT = Total mean retention time (h)
K, = Slope of the difference between observed and
expected marker concentration before equilibration
TMRT = Transit time +(1/K,)+(1/K,)

3) VOL

Total fill of digesta (g)

VN

Fill of nondigestible material

DIG = Digestibility



Intake = Intake in g DM/day
VN = ((Intake*(1-DIG))/24)*TMRT

VOL = VN+(VN*DIG)/(2*(1-(DIG))

Statistical Analysis

A simple linear regression program (SPSS/PC 1984) was
used for regression analysis. Differences between lines
were tested as described by Neter and Wasserman (1974).
Wilcoxon test for paired samples was used to test for
differences between P-TMRT vs L-TMRT and P-RTT vs L-~RTT

within a trial (SPSS/PC 1984).

RESULTS AND DISCUSSION

Food Intake

Intake values presented in Table 8 are the means for 14
days (d) spanning 7 4 preceding and 7 d postdosing. Ranges

in daily intakes {(g/kg BW0'7S

} varied between trials. In TI1
intake varied from 45.6 to 62.3 and in T2 from 30.4 to
109.9. This variation was mostly due to the amount of food
offered. However, the amount of food intake was not
restricted in T3 and rangéd from 36.5 to 87.1 (Table 8).

The variation in food intake during T3 was probably due to
rainy and snowy weather and muddy pen conditions and the

fact that animals had been on trial for the previous 4

months,
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Table 8. Effect of daily intake (g/kg BW?°75) level on
rumen turnover time of particles (P-RTT) and
liquid (L~RTT), on total mean retention time of
particles (P-TMRT) and liquid (L-TMRT) and digesta
volume (VOL) in moose fed a pelleted diet.

Trial 1 (January 1984)

Animal Intake P-RTT L-RTT P-TMRT L-TMRT VOL
(kg) (g/BW%"7%) (nh) (h) (h) (h) (g9)
346 64.6 12.5 10.6 33.8 32.9 5086
383 45,7 34.8 34.4 63.4 63.0 7352
466 55.5 25.7 22.2 47.4 44.8 7689
336 45,6 13,7 12.1 52.3 49,6 5464
466 62.3 22.8 i8.9 38.2 35.9 7089
487 55.0 29.5 24.9 47.2 45,9 7547
454 45,7 34.8 32.1 58.3 55.6 7823

Trial 2 (April 1984)

Animal Intake P-RTT L-RTT P-TMRT L-TMRT VoL
(kg) (g/BW%°75)  (h) (h) (h) (h) (g9) -
454 35.9 22.7 22.5  46.3 44.0 4792
477 45.4 30.5 30.2 50.9 46.7 6304
435 30.4 28.8 28.7 62.8 62.1 5212
450 36.9 31.1 23.5 50.2 48.0 5497
345 90.7 21.9 - 21.8 31.7 30.7 6427
455 36.9 31.7 26.1 51.0 47.6 5241
357 68.7 23,7 25.1 38.9 39.4 6180
463 109.9 24.3 28.0 36.3 36.7 11099

Trial 3 (April 1985)

Animal Intake P~RTT L«-RTT P-TMRT L-~-TMRT VOL
(kqg) (g/BWe*75)  (h) (h) (h) (h) ()
413 87.1 29.6 27.6  48.0 45.6 8920
475 39,2 30.2 31.0 49.0 47.4 7519
422 76.4 25.3 - 30.4 50.7 52.2 10315
420 36.5 33.3 29.5 46,2 50.7 4448
411 38.8 31.3 30.9 46,2 54, 4657
474 64.1 26.3 32.4 53.0 52.5 8005

420 53.0 28.8 28.9 47.4 55.1 8825




Marker Comparison

Trial 3 was designed after analysis of the results from
Tl (Jan 1984) and T2 (Apr 1984}. Trials 1 and 2 showed that
there was no difference between the liquid and particulate
digesta flow rates. Unified flow rates between liquids and
particulates had not been reported in the literature for
domestic livestock.

The experimental protocol from Tl and T2 was examined
and I determined that the solid phase marker (Ru) might have
migrated from the particulate matter and was flowing with
the liquid phase., Trial 3 utilized a particulate marker
which had been validated and had shown separation of
particulate and liquid flow rates with domestic livestock
(Allen 1982, Varga and Prigge 1982). The results from T3
indicate that the liguid and particulate digesta phases move
at the same rate. Therefore, I concluded that the
particulate marker in Tl and T2 may not have been migrating
from the particulate matter to the liquid pool and the data

from all 3 trials were utilized in the results.

Particulate Total Mean Retention Time

Many authors have demonstrated a negative correlation
of P-TMRT against intake, which is in agreement with these
findings for moose in Tl and T2 (Grovum and Williams 1977,

RKennedy and Milligan 1978, Mudgal et al. 1982). However, in

41



42

T3, increased intake did not significantly alter P-TMRT
(Table 9; Fig. 5).

The results in this study show that P-TMRT can change
markedly with no change in digestibility. This is
substantiated by Schwartz et al. (1986b) in a concurrent
study with the same animals used in Tl and T2. They found
that changes in intake had no effect on digestibility
throughout the winter and spring. However, they reported a
sighificant (p<0.01) effect by month; apparent dry matter
digestibilities (DMD) were significantly higher in March
(65%) and April (63%) than December (59%), January (59%),
and February (57%). These seasonal differences in
digestibilities agree with the hypothesis presented in this
study and show that. P-TMRT can change markedly with no
change in digestibility in winter. Furthermore,
digestibility in spring was greater and may be due to longer
retention time in the alimentary tract.

However, the generally reported interpretation is that
a slow P-TMRT increases digestibility when availability is
low and should be reevaluated based on the present results.
The generalizatiop may onlv be trﬁe for diets of higher
potential digestibility. An estimation of alimentarv
content size would help to confirm or refute this

interpretation.



Table 9. Linear regression equations of particulate (P),
ligquid (L) rumen turnover times (RTT), particulate
total mean retention times (P-TMRT), liquid
(L-TMRT) and digestive tract volume (VOL; g/animal
BW kg) on intake (g/kg BWI°75) (MI) of moose fed a
pelleted diet during winter.

Trial 1 (January 1984)

Y X n Regression Equation r Sig.
P-RTT, on MI 7 Y=54,047-0.546X -0.4824 p=0.2729
L-RTT™ on MI 7 Y=55,870-0.630X -0.5563 p=0.1947
P-TMRT on MI 7 ¥=114,405-1,229X -0,9480 p=0.0012
L-TMRT on MI 7 ¥=111.475-1,209X -0.9273 p=0.0026

VOL on MI 7 ¥Y=24,262-0,148X -0.7900 p=0.0347

P-TMRT on L-TMRT 7 Y= 2.289+0.991X -0.9958 p<0.0001

Trial 2 (April 1984)

Y X n Regression Equation r Sig.
P-RTT® on MI 8 ¥=31.707-0.086X  ~0.6222 p=0.0995
L-RTTb on MI 8 ¥=26,153-0.007X -0.0710 p=0.8674
P~-TMRT on MI 8 Y=62,360-0,288X -0.8547 p=0,.0069
L-TMRT on MI 8 Y=58.721-0,252X -0.7983 p=0.0175

VOL on MI 8 = 6,216+0.153X -0.9793 p<0.0001

P~TMRT on L-TMRT 8 ==0,.688+1,051X -0,9865 p<0,0001

Trial 3 (April 1985)

Y X n Regression Equation r Sig.
p-RTTg on MI 7 Y=34.459-0.092X ~0.6651 p=0.1021
L=-RTT™ on MI 7 ¥Y=31,656~0.027X -0.3512 p=0.4399
P-TMRT on MI 7 ¥Y=45.260-0.060X ~0.4825 p=0.2728
L-TMRT on MI 7 ¥Y=54.426-0.058X ~0.3275 p=0.4734

VOL on MI 7 Y= 4.546+0.227X -0,8893 p=0.0074

P-TMRT on L-TMRT 7 ¥=49,976-0.026X -0,0371 p=0.9371

a 103

Ruthenium Chloride
Chromium EDTA
Ytterbium chloride
Lithium cobalt EDTA

b 51
c
d
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Liquid Total Mean Retention Time

There was a significant negative correlation between
L-TMRT and intake in T1 and T2 (Table 9; Fig. 6). This is
in agreement with most reported results with cattle and
domestic sheep (Galyean et al, 1979, Adams and Kartchner
1984). In these domestic livestock studies, L-RTT and
intake are also inversely correlated as has been reported
previously for moose (Hjeljord et al. 1982, Schwartz et al.
1984} .

Level of food intake did not affect L-RTT for each of
these trials; however, L-RTT for T1 was different from T3
(p<0.05), indicating that rumen liquid pool size and outflow
were different. However, a 2nd estimate of either liquid
pool size or outflow rate is needed to interpret whether the

pool size changes seasonally with food intake.

Retention Time in the Alimentarv Tract

Intake had a significant effect on TMRT of both liquid
and particle phases in T1l, whereas no response to either
L-RTT or P~ RTT was noted (Table 9). Similarly, in T2 the
P~-TMRT shéwed a significant response to intake without a
response observed with P-RTT. In T3 no response to intake
was observed with either particulate or liquid phases for
either RTT or TMRT. Since RTT is suggested to be indicative

of rumen turnover time and TMRT represents time spent in the
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entire tract, the data suggest that the controlling factor
in passage rate through the alimentary tract may not be the
rumen, but rather the lower tract as suggested by Faichney
and Boston (1983).

The data in Fig. 7 are consistent with the hypotheses
that marked particles move with the liquid phases in
northern ruminants (White et al. 1984). Most published data
with domestic livestock show a distinct separation of
particulate and liquid phases in the alimentary tract. The
extent‘of these differences are diet specific and
comminution rate greatly affects the measurement of P-TMRT.
Reduction of particle size is important when indigestible
components'of long-fibered, low-guality foods are being
digested (Allen 1982).

In the present study, pelleting probablv minimized
differences between P-RTT and L-RTT, because feed form was
mechanically altered (i.e., pelleting) which has a
significant effect on animal processing time (Mautz and
Petrides 1971, Robbins 1983), The pellets offered a smaller
particle size for processing by the animal, thereby reducing

rumination time and salivary flow (Church 1975).

Estimation of Alimentary Fill

Provided that the particulate marker reasonably

represents the nondigestible component, then an estimate of
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the total alimentary fill can be made from estimates of
P~-TMRT and feces output as proposed by Holleman and White
(1986) and shown in Table 8. The regression of VOL/kg

BWw’* 7% on food intake (g/kg Y

) for T1 tends to
constancy whereas in T2 and T3 the range in fill was very
large and a significant increase with food intake was noted
(Fig. 8; Table 9). These data confirm the hypothesis that
during winter (T1l) the animal maintains a fairly constant
alimentary fill when intake is varied. This process can be
interpreted as optimizing the digestibility of diets that
are predictably low in winter. Further evidence for this
hypothesis could be gained by an analysis of the data of
Schwartz et al. (1986b) in which intake changed due to diet
digestibility.

In contrast, as spring approaches and food quality is
predictably of higher value, alimentary fill becomes
adaptable to increasing food supply. This strategy should
allow optimization of food digestibility and intake. Thus,
P-TMRT would tend to constancy, but would be variable.
Relations between P-TMRT and intake are expected to be

variably related to intake as shown in T2 and T3 (Table 9).

Interspecies Comparisons of Particulate and Ligquid Flows

The relationship between liquid and particulate flow is

of interest to the comparative nutritionist because theory
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suggests different control mechanisms for browser/concentrate
selectors, grazers, and mixed feeders (Kay et al. 1979).

RTT data from cattle (Uden et al. 1982, Varga and Prigge
1982) and sheep (Prigge et al. 1984) were compiled for
comparison with moose. These studies were selected because
diet DMD was between 50-60% (Table 10), and intake changes
were due to feeding level rather than digestibilityv of the
feed.

Correlations of L-RTT and P-RTT with intake (g/kg
BW0'75) for all species are shown in Table 11. The
regressions of P-RTT against intake were not significant for
moose, cattle, or sheep. Relationships of L-RTT with intake
were variable between species. In sheep a significant
(p=0.006) correlation of L-RTT against intake was noted.
Thus, the handling of the licuid phase in the rumen mayv be
more highly correlated with intake in the browser (moose)
than in the grazer (cattle). The trend was also apparent
with sheep though it was not significant. Thus, the
difference between R=-RTT and P-RTT at a given level of food
intake was higher in cattle than sheep or moose.

Alternately, the comparison of L-RTT/P-RTT ratio can be
used and this ratio was 0.964 for moose, 0.788 for sheep,
and 0.395 for cattle. Therefore, the liquid digesta phase
in the grazer (cattle) flows at a much faster rate than the

solids, whereas in the browser (moose) the differences are



Table 10. Comparison of moose, cattle, and sheep particle
(P) and liquid (L) rumen turnover times (RTT; h)
with varying levels of intake.

Animal Intake P-RTT L-RTT
Species (kg) (g/kg BW?°73) (h) (h) L-RTT/P-RTT
MOOSE? 345 90.7 21.9 21.8 0.995
MOOSE 455 36.9 31.7 26.1 0.823
MOOSE 357 68.7 23.7 25.1 1.059
MOOSE 463 109.9 24.3 28.0 1.152
MOOSE 413 87.1 29.6 27.6 0.932
MOOSE 435 30.4 28.8 28.7 0.996
MOOSE 450 36.9 31.1 23.5 0.755
MOOSE 411 38.8 31.3 30.9 0.987
MOOSE 420 64.1 26.3 32.4 1.231
MOOSE 474 53.0 28.8 28.9 1.003
MOOSE 346 64.6 12.5 10.6 0.848
MOOSE 466 55.5 25.7 22.2 0.863
MOOSE 477 45.4 30.5 30.2 0.990
MOOSE 454 35.9 22.7 22.5 0.991
MOOSE 454 45.7 34.8 32.1 0.922
MOOSE 420 36.5 33.3 29.5 0.885
MOOSE 336 45.6 13.7 12.1 0.883
MOOSE 487 55.0 29.5 24.9 0.844
MOOSE 466 62.3 22.8 18.9 0.828
MOOSE 475 39.2 30.2 31.0 1.026
MOOSE 422 76.4 25.3 30.4 1.201
MOOSE , 383 45.7 34.8 34.4 0.988
CATTLE) 610 74.0 37.0 13.5 0.364
CATTLE, 610 74.0 50.0 15.6 0.312
CATTLE_ 405 87.4 22.0 8.0 0.363
CATTLE 405 86.1 28.1 10.4 0.370
CATTLEg 405 53.5 23.9 13.3 0.556
CATTLE, 260 53.8 31.3 16.4 0.523
CATTLE, 220 51.7 45.5 15.9 0.349
CATTLE] 450 68.6 55.6 16.4 0.294
CATTLE 405 51.0 28.1 11.8 0.419
SHEEP 46 62.2 20.2 10.6 0.524
SHEEPJ 46 51.8 15.1 10.4 0.688
SHEEP 27 41.7 18.2 32.3 1.774
SHEEP 27 33.5 19.2 27.8 1.447
SHEEPg 46 84.1 15.2 8.7 0.572
SHEEP 27 70.5 15.2 14.1 0.927
SHEEP 27 57.0 15.2 13.7 0.901
SHEEP, 46 49.1 19.0 13.7 0.721
SHEEP 31 52.7 27.0 19.2 0.711
SHEEP 34 54.0 47.6 17.5 0.367



Table 10. Continued.

Animal Intake P-RTT L-RTT

Species (kg) (g/kg BW?*73) (h) (h) L-RTT/P~RTT
saggpi 25  50.0 47.6 20.8 0.436
SHEEP 33 53.6 50.0 18.9 0.378

a

b Present study

o Uden et al. 1982

d Prigge et al. 1984

Varga and Prigge 1982
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Table 11, Comparison of particle (P), liquid (L) rumen
turnover times h/kg BW?*25 (RTTW), and L-RTT/P-RTT
(Ratio) with 3 ruminant species fed varying
levels of intake g/kg BW?°75 (INT) of diets
ranging from 50 to 56% digestibility.
Moose
Y on X n Y = a + bX r Sig.
P~RTTW on INT 22 Y=7,07-0.021 -0.343 p=0.119
L-RTTW on INT 22 ¥=6.00-0,005 -0.080 p=0.722
L-RTT on P-RTT 22 Y=1,95+0.891 0.852 p=0.001
Ratio on INT 22 ¥=0,82+0.003 0.426 p=0.482
Cattle
Y on X n Y =a + bX r Sig.
P=-RTTW on INT 9 ¥Y=10.74-.041 -0.224 p=0.563
L-RTTW on INT 9 Y=5,47-0.037 -0.683 p=0.043
L=-RTT on P-RTT 9 Y=6.93+0.183 0.748 p=0.021
Ratio on INT 9 ¥Y=0.61-0.003 -0.534 p=0.139
Sheep
Y on X n Y = a + bX r Sig.
P-RTTW on Int 12 Y¥=14.99-.079% -0.178 p=0.580
L-RTTW on Int 12 Y=17.47-.185 -0.728 p=0.007
L=RTT on P~RTT 12 ¥=14.48-,110 0.216 p=0.500
Ratio on Int 12 ¥=1,72-0,017 -0.509 p=0.091
Species n L-RTT/P-RTT (SD) Range
{mean)
Moose 22 0.9647  0.1230 0.7556 = 1.2319
Cattle 9 0.395a b 0.0900 0.2950 - 0.5565
Sheep 12 0.787°° 0.4312 0.3676 = 1.7747
a

Different letters within a column denote a significant

difference (p<0.05) usina Scheffe test for differences.
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small (Fig. 9). A selective advantage for separation of
liquid from particulate flow may be dependent on forage

selection.

CONCLUSIONS

Moose have an adaptive digestive strategy to optimize
forage energy intake. Diet quality for moose varies greatly
from summer to winter (Oldemeyer and Regelin 1986). The ‘
winter diet consists mainly of highly lignified woody browse
while the summer diet is made up of highly digestible
vascular material. These 2 different types of plant
material have different rates of digestion (Spalinger 1985).
Woody browse has a highly lignified cortex covered with a
more digestible outer surface (Oldemeyer and Regelin 1986,
Spalinger 1985). For the moose to optimize winter forage
energy intake it must digest the bark and rapidly pass the
cortex through the digestive tract. However, if forage
availability is limited, then slowing the rate of passage
would be beneficial and allow for digestion of the woody
browse cortex.

Moose have a winter digestive strategy that optimizes
forage enerqgy intake by altering passage rate to maintain a
constant alimentary f£ill., This allows rapid movement of low

digestible portions of the diet through the alimentary tract
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and also allows longer retention times during periods of low
forage intake.

In spring and summer, the highly vascular plant material
eaten by moose is digested rapidly (Spalinger 1985), so that
increased retention time in the alimenta:y tract is not
beneficial. Because spring and summer forage is seldom
limiting (Oldemeyer and Regelin 1986), the mocse can increase
energy intake by increasing alimentary fill of the highly

digestible forage.



CHAPTER 3

INFLUENCE OF ENERGY INTAKE ON RESTING METABOLISM OF MOOSE

INTRODUCTION

Basal metabolic rate (BMR) represents the minimal
energy expenditure to support life (Kleiber 1975).
Classically, it has been estimated as the heat production of
the resting animal in the postabsorptive state in a thermo-
neutral environment. This is frequently termed standard
fasting metabolism (SFM) and empirical measurements indicate
an allometric relationship with body weight (BW,kg) to the
0.75 power (Kleiber 1975). For SFM in eutherian mammals,

a'75;’d: however,

the empirical measure of BMR is 70 kcal/kg BW
within a species the allometry is often different from 0.75
(Robbins 1983). Thus, the allometry of BMR is a broad
generalization with many species lving above and below the
standard value of 0.75. Larger wildlife species are usuallv

above this line with much of the variation attributed to

seasonal differences in SFM (white~tailed deer, Odocoileus

virginianus, Silver et al. 1969; caribou, Rangifer tarandus,

McEwan and Whitehead 1970; roe deer, Capreolus capreolus,

Weiner 1977; moose, Alces alces, Regelin et al, 1985),.

In species other than man, confusion surrounds both the
BMR-SFM terminology and the protocol for estimation of BMR,

Empirically defined conditions are difficult to attain with
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wildlife species. Wild animals vary greatly in their
tolerance to confinement and therefore may not lie quietly
in the metabolism stall. Furthermore, any requirement of
fasting with ruminants lends itself to error because
different levels of food intake, body size, and food passage
rate alter the time required until the postabsorptive state
is reached (Marston 1948, Blaxter 1962, Kleiber 1975).

Kleiber (1975) suggeéted that measurement of SFM should
take place following a prolonged period of feeding at
maintenance levels. Wild ruminants are in a constant flux,
gaining and losing weight seasonallyv, and a component of the
change'is of endogenous origin (McEwan and Whitehead 1970).
Therefore, wild ruminants are virtually impossible to
maintain at a constant weight or intaké, except during early
winter., Heat production measurements at other than the
winter period are seldom done at maintenance. Most
estimations of SFM with wild ruminants have been made with
animals fed ad libitum (Silver et al. 1969, Pauls et al.
1981, Regelin et al, 1985). Seasonal estimates of SFM with
moose fed ad libitum vary from a winter low of 76 to a

summer high of 143 kcal/kg W°* >

/d (Regelin et al. 1985).
This seasonal difference in SFM is consistent with most
reported results with other wild ruminants fed ad libitum

(Silver et al. 1969, Pauls et al, 1981).
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An estimate of BMR independent of seasonal weight and
intake dynamics is needed. Such an estimate would determine
if seasonal variation in fasting metabolism was due to the
plane of nutrition or a seasonal endogenous change in BMR.

Resting metabolism (RM) is the heat produced by an
animal while in a lying, fed state. This estimate of heat
production is the summation of BMR and heat increment.
Including heat inérement reduces the error associated with
the variable time required to achieve a postabsorptive state
in ruminants.

An objective of this study was to investigate the
influence of metabolizable energy intake (MEI; kcal/kg
BWO'75/d) on resting metabolism in moose. Reid and Robb
(1971) advocated extrapolating heat production to zero MEI
to obtain an estimate of theoretical basal metabolism (TBM).
Estimation of TBM will be a second objective of this study

and TBM will be used to evaluate seasonal differences in

BMR,

MATERIALS AND METHODS

The study was conducted at the Moose Research Center on
the Kenai Peninsula of Alaska during winter and spring
1884-85, Nine adult moose were evenly allotted into 3
dietary treatments with metabolizable energy (ME) content of

1,99, 2.26, and 2.61 kcal/g dry matter (Table 12).



Table 12. Composition (% D.M. basis) of a high-quality
(HQ) , medium-quality (MQ), and low-quality (LQ)
ration fed to moose at the Moose Research Center
Kenali Peninsula, Alaska, winter 1984-85.

Constituent HQ MQ LQ
Corn 28.7 27.6 26.4
Sawdust 25.9 24.8 23.6
Oats, rolled 17.2 8.6 0.0
Soybean meal 7.2 6.4 5.5
Cane molasses 5.7 6.6 7.5
Barley 5.7 2.9 0.0
Beet pulp 5.7 2.9 0.0
Rice hulls 0.0 17.1 34.1
Vitam%n Premix 0.3 0.2 0.1
Dical 1.3 1.2 1.1
Pelaid® 1.4 1.4 1.3
Nutritional Content

Crude protein (%) 9.85 8.38 6.9
Metabolizable energy (kcal/g) 2.61 2.26 1.99
Crude fiber % 24.3 29.5 34.8
Digestibility (%) 53.1 47.8 43.8

a npiberite" commercial aspen sawdust

Dicalium phosphate

"Pelaid" (Rhodera Inc. Ashland, Ohio) used to enhance
pelleting
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Composition of the medium quality (MQ) and low quality (LQ)
rations were based on dilution of the high quality (HQ)
ration with rice hulls, and supplied 85% and 70% of the ME
and crude protein (CP), respectively. Crude fiber (CF)
content of the MQ and HQ rations were respectively 85% and
70% of the LQ diet.

All rations were fed ad libitum with feeding levels
adjusted weekly to assure 15% daily refusals. Feed was
offered once daily and refusals were weighed and subsampled
for dry matter determination. Animals were individually
housed in open 3 X 10 m pens with access to water and trace

mineralized salt at all times.

Estimation of Resting Metabolism

Resting metabolism was estimated using an open circuit
respi;ation chamber described by Regelin et al. (1985). The
air stream leaving the chamber was monitored for COZ’ 02,
and CH4. All volume measures were adijusted to standard
temperature and pressure (Regelin et al. 1981). - Heat
production was calculated by multiplying the volume of O2
consumed during the trial by the thermal equivalent of 02 at
the extant respirator quotient. Heat production was

0-75,4 (Regelin et al. 1985).

expressed as kcal/kg BW
The respiration chamber was located near human and

moose activities. To reduce the effects of these
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disturbances, animals entered the chamber approximately 1 h
before sunset. All moose used in the trial had been
previously acclimated to confinement in small quarters.

Feed and water were available immediately prior to entering
the chamber, but only water was available in the respiratién
chamber.

The animals' activity was monitored constantly during
the 8 h maximum time limit for the trial. Fig. 10 depicts
estimated heat production during a typical experiment, with
the animal entering the chamber at time 0. Animals usually
stood until they became relaxed in the chamber, causing heat
production to increase from time 0 to 105 min. In the trial
shown in Fig. 10, the moose lay down at 105 min and heat
production decreased; however, there is a lag time
associated with the chamber volume and flow through the
chamber. Since gas concentration measurements reflect air
leaving the chamber rather than the animal, care was taken
to allow the chamber to equilibrate after any change of
oxygen consumption by the animal. Estimation of heat
production began at 195 min in this example. Heat
production was estimated constantly and pooled iq 15 min
samples to adjust for rapid fluctuations. The trial was
terminated once 3 consecutive 15-min heat production
estimates were completed without further decrease or
increase in heat production and a coefficient of variation

of less than 8% was observed.
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If an animal stood during a trial, estimation of heat
production was terminated and restarted once the animal was
lying again for 90 min. Estimates of heat production were
made on December 23-31 (Tl), February 16-24 (T2), and April

16-20 (T3). Each trial was completed within a 9-day period.

Statistical Analvsis

Simple linear and multilinear regression analysis was
done using Statgraphics (1985). Testing of differences
between 2 lines was done as described by Neter and
Wassermann (1974). One-way analysis of variance was used to
test for differences between trials (SPSS/PC 1984), and

differences were tested by a Scheffe test (p<0.05).

RESULTS AND DISCUSSION

Plane of Nutrition

During the 3 trials, intake of dry matter (g/kg BW /d)
was significantly different among the 3 treatments. The
animals on the LQ and MQ rations had a higher intake than
animals on the HQ diet. Furthermore, the animals on the LQ
diet consumed significantly more than animals on the MQ
ration (Table 13). However, intake of metabolizable energy

(kcal/kg BWO’?S

/d) was not significantly different among the
3 rations (Schwartz et al. 1986b). The moose altered dry

matter intake of the different quality diets to maintain a



Table 13, Effect of a high-quality (HQ), medium-quality
(MQ), and low=-quality (LQ) ration on seasonal
intake of dry matter (INTAKE) (g/kg BW?°73d4) and
metabolizable energy intake (ME) (kcal/kg
BW%°75/3) in moose during winter 1984-85 at the
Moose Research Center, Kenai Peninsula, Alaska.

Variable n INTAKE SD ME SD

Trial 1 (December 23-31)

HQ 3 52.7 10.95 137.7 28.57

MQ 1 64.7 - 146.3 -

LQ 3 82.4 3.45 164.0 6.86
Pooled 7 67.2 16.26 150.2 21.52

Trial 2 (February 16-24)

HQ 3 53.2 12.69 138.9 33.11

MQ 1 68.6 - 155.0 -

LO 3 74.8 13.15 148.8 26.17
Pooled 7 64.7 15.19 145.4 25.23

Trial 3 (April 16-20)

HQ 2 52.3 10.04 136.6 26.21

MQ 1 65.4 - 147.8 -

LQ 3 79.6 7.39 158.4 14.70
Pooled 6 68.2 14.9 149.4 18.39
Pooled by Treatment

HQ 8 52.80  9.73 137.9a 25.40

MQ 3 66.2c 2.06 149.7a 4.66

Lo 9 78.9 8.43 157.1a 16,77
Grand mean 20 66.6 14,73 148.3 21.00

66

a

Different letters within a column denote significant
differences (p<0.05) by Scheffe test.
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relatively constant MEI among the 3 treatments. Therefore,
the plane of nutrition was similar on all 3 treatments.
To test the hypothesis that current and previous level

0.75

of MEI (kcal/kg BW /d) affects metabolic rate, a step-wise

regression analysis of RM Sn MEI was used  (Koong et al. .
1985). MEI was calculated for the previous 7, 14, 21, 28,
and 35 days before the RM measurement. RM was correlated
with previous MEI time intervals for each of the 3 trials
and for the pooled data. In all analyses the highest
correlation of RM on MEI was with the previous 28 d mean
{(p<0.01). Therefore, in all subsequent analysis the previous
28 4 mean metabolizable energy intake (P28D) was used.

These results suggest that metabolic adjustment to the level
of intake is a long-term process and supports the hypotheéis
that cellular metabolism adapts to substrate supply slowly

and therefore takes a considerable time to return to basal

or reference level of heat production,

Theoretical BMR

Theoretical BMR or true basal metabolism (TBM) is the
intercept of the regression of RM (Y) on MEI (X). At the
intercept, the heat production estimate does not include
heat produced from the digestion of feed (i.e., heat
increment) (Reid and Robb 1981), and therefore is an estimate

of the minimal heat production. The zero~-intake intercepts
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in this study were 68.8, 55.4, and 81.3 kcal/kg BW'''°/d for

trials 1, 2, and 3, respectively (Fig. 11; Table 14). The

0'75/d is almost identical to

0.75/d)

pooled mean of 68.8 kcal/kg BW
the inter-species estimate of BMR (70 kcal/kg BW
(Kleiber 1975). ‘

T3 was conducted during April, when moose are under-
going behavioral changes and are adapting to dietary

0.75

changes. The intercept of 81.3 kcal/kg BW was higher

than the December and February estimates of TBM of T1 (68.8)

and T2 (55.4 kcal/kg BW°:’°

/d). Though the differences
among the trials appeared large, the differences were not
significant (p<0.05).

Nilssen et al. (1984) reported that RM of standing
reindeer increased with food intake and that summer
estimates of RM were 60 to 72% higher than winter values.
They further showed that there was no correlation of thyroid
hormones with RM. The zero-intake intercept shows a TBM
estimate of 72 which is comparable with our pooled estimate

of 68.8 (kcal/kg .BWO:®'>

/d) .
Marston (1948) was the first to show that the level of
MEI increased RM. This was confirmed by Graham et al.
(1974) and Graham and Searle (1975), but not by Drew and
Reid (1975). The latter study was made after food deprivation

and reflects compensatory or catch-up growth, suggesting a

change in metabolic efficiency. A recalculation of Marston's
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Table 14. Linear regression equations of resting metabolism
(RM) (Y) on previous 28-day mean metabolizable
energy intake (X) (kcal/kg Bw?°75/d) for moose,

‘Moose Research Center, Kenai Peninsula, Alaska,
winter 1984-85.

Trial n Intercept (SE) Slope (SE) r Prob.
1 7 68.8 24.09 0.232 10,1590 0.547 p=0.204
2 7 55.4 15,01 0.435 0.1019 0.886 p=0.008
3 6 81.3 29.95 0.209 0.1992 0.465 p=0.353

Pooled 20 68.8 16.64 0.289 0.1111 0.522 p=0.018
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data, regressing RM on MEI, shows a TBM of 55.6 which is not

significantly lower than the TBM of 68.8 kcal/kg BWQ‘?5

/4
for moose reported in this paper (Table 14). Reid and Robb
(1971) stated that the TBM of cattle is usually between 38
and 56, and Forbes et al. (1928 as cited bv Marston 1948)

reported TBM for cattle being 51.9 kcal/kg BW0‘75

/d. These
estimates of BMR in domestic animals are significantly lower
than the classical inter~species estimate of 70 kcal/kg
BWO'75/d (Kleiber 1975). The values obtained with moose are
slightly higher than those for cattle and domestic sheep and
support the often reported hypothesis that wild ruminants

have higher metabolic rates.

Efficiency of Energy Utilization

The intercept of the regression of RM on MEI gives an
estimate of TBM; the slope of this line is an estimate of
heat increment. The slope represents the unit loss of
heat/unit increase in MEI. The slopes of the lines produced
from data in Tl1, T2, and T3 were not significantly
different, suggesting no changes in efficiency with the
seasonal change from winter to spring. The efficiency with
which ME is retained is given by l-slope (i.e., 1= 0.289%9=-
0.711). Since these animals are essentially at maintenance
or below, the efficiency is equivalent to km of the ARC

(1980) system, which for this diet is predicted to be 0.69
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and is in excellent agreement with the 0.71 observed in this

study.

Body Condition

Body condition, particularly the fat reserves of an
animal, may also affect maintenance and BMR independent of
plane of nutrition and endogenous rhythm effects. The
effects of body condition on BMR were examined bv Reid and
Robb (1971). These authors recalculated estimates of
maintenance requirements and efficiency of metabolism in fat
and thin steers generated by Armsby and Fries (1917 cited by
Reid and Robb 1971). The regression equation of daily

energy balance (kcal/kg BW0'75

/d) on daily MEI for thin
steers was Y=-64.,2 + 0.604%X, and for fat steers ¥Y=-68.7 +
0.568X,

‘Since heat production = MEI - energy balance (Lofgreen
and Garrett 1968) the regression equations for fat and thin
steers can be converted from:

(thin steer) Y=-64,2 + 0.604X to Y=64.2 + 0.396X

(fat steer) ¥Y=-68.7 + 0.568X to ¥=68.7 + 0.432X
The equations are now comparable with my pooled equation for
moose Y=68.8 + 0.289X.

The intercepts for the thin steer, fat steer, and moose

0.75

are similar, 64.2, 68.7, and 68.8 kcal/kg BW /4,
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respectively, though the thin steer has a TBM slightly less
than the moose or the fat steer.

Differences in BMR and energy retention efficiency tend
to have a multiplicative effect when one estimates food
requirements or production (White 1983). Ruminants indigenous
to seasonal environments (i.e., dry tropics, northern
temperate, and arctic environments) are required to survive
on body reserves of fat during periods of low forage quality
and availability. Therefore, wild ruminants are constantly
fluxing between catabolism and anabolism of fat and lean
tissue. The seasonality of wild ruminants complicates
determination of maintenance requirements and estimation of

BMR,

Respiratory Quotient

Réspiratory quotient (RQ) was regressed on RM and MEI
with no significant correlations (Fig. 12). However, a
significant difference (p<0.05) was noted between the mean
RQ values in T2 (0.62) and T3 (0.78) (Table 15). Trial 2
coincided with a seasonal period of voluntary weight loss
and voluntary reduction in food intake (Schwartz et al.
1984).

The lowest seasonal RQ of 0.62 is outside the normal
range of 0.7 to 1.0. A RQ of 0.7 indicates fat combustion

which would agree with the status of animals in midwinter
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Table 15.

Resting metabolism (RM), respiratory quotient
(RQ), and previous 28-day metabolizable energy

intakes (P28D})
(BW,kg) and treatment (TRT).

(kcal/kg BW?*75/d4) by animal
Trials were

conducted at the Moose Research Center, Kenai

Peninsula, Alaska, winter 1984-85,

Trial 1 (December 23-31}

Animal BW Trt RQ SD RM SD P28D
1 477 LQ 0.81 0.017 97.5 2.28 158.0
2 426 Lo 0.79 0.005 108.8 2.49 171.4
3 431 LQ 0.73 0.011 97.3 1.24 162.5
4 416 MQ 0.73 0.014 105.2 0.96 146.3
5 419 HQ 0.58 0.009 93.4 2.42 122.0
6 465 HO 0.70 0.011 102.6 1.87 120.4
7 410 HQ 0.73 0.013 120.6 1.93 170.7

Pooled 435 (25.8) 0.72a'b0.074 103.6 9.13 150.2

Trial 2 (February 16-24)

Animal BW Trt RQ SD RM SD P28D
1 439 Lo 0.65 0.005 106.3 1.24 118.6
2 431 LQ 0.57 0.007 137.7 1.36 163.4
3 422 LQ 0.56 0.012 127.8 2.27 164.4
4 414 MQ 0.66 0.005 120.7 0.72 155.0
5 406 HO 0.58 0.009 105.3 1.11 118.2
6 460 HQ 0.61 0.006 108.3 1.46 121.3
7 415 HQ 0.69 0.007 124.4 1.89 177.0

Pooled 427 (18.4) 0.62% 0.050 118.6 12.39 145.4

Trial 3 (April 16-20)

Animal BW Trt RQ SD RM SD P28D
1 417 LO 0.73 0.002 101.7 1,43 141.6
2 427 LQ 0.71 0.004 115.6 1.85 168.7
3 407 LQ 0.71 0.007 109.6 2.34 164.8
4 425 MQ 0.72 0.003 121.8 1.45 147.9
5 413 HQ - - - - -
6 475 HQ 0.75 0.003 105.5 0.54 118.1
7 416 HQ 1.05 0.005 121.0 2,60 155.1

Pooled 428 (24.2) 0.78b 0.134 112.5 8.28 149.4

a

differences

Different letters within a column denote significant
(p<0.05) by Scheffe test.
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(T2; February). However, RQ's below 0.7 have been reported
for animals which are accumulating COQ, or preferentially
metabolizing long chain fatty acids. During T3, animal
number 7 had an RQ in excess of 1.0 indicating a shift to
carbohydrate combustion, lipid synthesis from volatile fatty

acids, or CO2 depletion (Kleiber 1975).

CONCLUSIONS

The use of regression analysis of resting metabolism on
metabolizable energy intake not only provided estimates of
TBM but also estimates of efficiency of energy utilization.

The TBM for moose was 68.8 kcal/kg w0+ 7%

/d which is slightly
higher than values reported for cattle (51.9) and domestic
sheep (55.6). This technique also provided an estimate of
the efficiency of metabolizable energv retention (71%} for
moose.

The TBM in April appeared higher (81.3; SE=30.0) than
in January (68.8; SE=24.1) or February (55.4; SE=15.0);
however, the differences were not significant.

Simulation modeling of animal production systems are
becoming widespread throughout biological sciences. The
classical approach reported by Regelin et al. (1985)
suggests formulating requirements on an additive model based

on BMR, heat increment, and storage which is inherently

prone to uncertainty of the BMR estimate. The formulation



of an energy model based solely on empirical knowledge of
resting metabolism and MEI would overcome the uncertainty of
the additive model as used by numerous workers (see review

by Hudson and White 1985).
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CHAPTER 4

SIMULATION OF FOOD INTAKE AND ENERGETICS

INTRODUCTION

Concepts of Carrying Capacity

Carrying capacity (CC) has heen defined in various ways
(MacNab 1985) but is traditionally defined as the propensity
for a unit of land to support a unit of animals for a unit
of time (Stoddard et al. 1975). CC does not address the
condition or quality of the individuals. Determination of
CC requires not only an understanding of animal energy
partitioning but also forage availability, forage quality,
diet selection, animal behavior, and many other ecological
and biological factors.

Within recent years, several authors (Moen_1973,

Robbins 1973, Wallmo et al. 1977) have advocated determining
CC for wild ungulates on a nutritional basis. The estimation
of food intake is paramount to predicting forage utilization,
to understanding grazing strategies, and ultimately to
estimating the CC of the range.

However, measurement of food intake is difficult to
obtain under natural conditions. Furthermore, determination
of what animals will eat of the available herbage may change
under different density levels and snow depth. Therefore,

simulation models have been emploved to generate estimates
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of forage utilization under various conditions and to

predict CC (Hobbs et al. 1982, Hobbs and Swift 1985, Hudson

and White 1985).

Factors Regulating Intake

Because prediction of food intake is paramount to
predicting CC, an understanding of the factors controlling
food intake must be understood.

Food intake may be controlled physically by the
capacity of the digestive tract and/or physiologically by
the end-products of digestion. Both mechanisms are
implemented and integrated through the central nervous
system (Forbes 1980). Baumgardt (1970) proposed and Ammann
et al. (1973) demonstrated for white-tailed deer that
regulation of food intake changes from primarily physical
(i.e., bulk limited) to physiological (i.e., caloric or self
limited) as food nutritive value increases,

Foods of low nutritive values limit gastrointestinal
capacities and passage rates which cause feeding bouts to
terminate before the animal's energy requirements are met.
As nutritive value increases, the animal is ultimately able
to ingest enough food to meet its energy requirements, and
end products of digestion may not only terminate the feeding
bout but may also delay the onset of the following feeding

bout. Therefore, once nutritive value of the food is high
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enough to overcome physical limitations of rumen and
alimentary tract fill, physiological regulation maintains
energy intake to match requirements,

In the nonproductive animal, e.g., a moose in winter, a
further increase in food nutritive value mav result in a
decrease in food intake (Fig. 13). Data presented by
Spalinger (1980) demonstrated that when deer were fed diets
of increasing digestible energy (DE) from 1.5 to 2.2 kcal/g,
voluntary food intake increased. Once DE content increased
from 2.2 to 3.0 kcal/g a decrease in voluntary intake was
noted and MEI was constant. This suggests that intake of
diets with a digestibility of 50% or less are regulated by
gut capacitv, while intake for diets over 50% digestible are
regulated by physiological constraints (Robbins 1983).

Baumgardt (1970) has also demonstrated this principle
with domestic sheep as Conrad et al. (1964) have with
cattle. Furthermore, this svstem of physical/physiological
control of food intake can be responsive to energy demands
(or a lack of demand) based on the animal's production
state. The relationship between voluntary DE intake and
production level of an animal has been investigated by
Baumgardt (1970) with domestic sheep, steers, dairy cattle,
and rats. These studies indicated that as production
requirements increased (i.e., maintenance vs. lactation)

0.75

voluntary intake of DE/kg BW /d increased 2 to 3 times
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when not limited by gut fill. Likewise, studies by
Montgomery and Baumgardt (1965) demonstrated that DE intake
decreased as production reguirements decreased during the

latter stages of lactation.

Seasonal Intake

Seasonal food intake in northern cervids has been
associated with reduced diet quality and forage availability
during winter (LeResche and Davis 1973, Gasaway and Coady
1975). However, an endogenous rhythm that pre-adapts
northern temperate cervids to the food resource can also be
inferred from the numerous studies on several cervid species
(McEwan and Whitehead 1970, Ozoga and Verme 1970, Westra and
Hudson 1981, Wheaton and Brown 1983, Schwartz et al. 1984),
These studies demonstrate a seasonal reduction in voluntary
food intake accompanied by a subseguent body weight loss or
stasis, when animals are offered a high quality diet ad

libitum throughout the year.

Seasonal Weight Change

Production levels of the northern cervids change
throughout the year in tune with production demands.
Anabolism and catabolism of body energy reserves serve to
adjust energy regquirements to availability of food energy.

Thus, seasonal variations in the body fat reserves peak at
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variable times of the year between fall and spring depending
on species and geographical location (Riney 1955, Flook
1970, Anderson et al., 1972).

Body fat reserves for female moose peak in late fall
(25-30%) and reach a low in late spring (8-10%) (Schwartz et
al. 1986b). This change in body condition appears to be
linked to a voluntary annual cycle of high and low metabolic
rates (Regelin et al. 1985) and seasonal food intake
(Schwartz et al. 1984). Moreover, these seasonal changes in
body condition appear to be independent of seasonal changes
in diet quality and availability (Schwartz et al. 1986b).
Furthermore, the voluntaryv changes in seasonal food intake
appear to be correlated to animal condition (i.e., % body
fat). Arnold (1985) supported this hvpothesis by stating

that intake decreases with increasing body fat.

Body Condition:Food Intake Relationships

The simulation model presented uses both physical and
rhysiological control mechanisms to estimate food intake.
Target body condition values (BCV) are entered as inputs to
the model. Estimates of seasonal BCV for moose were obtained
from controlled feeding experiments in which animals were
fed a high-quality pelleted diet ad libitum throughout the
year and body composition (i.e., % body fat) was estimated

using tritiated water (Schwartz et al. 1986b).
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The model then estimates the daily caloric and dry
matter intakes required to maintain or attain BCV. This
energy requirement was compared with the maximum food intake
which is regulated by diet quality and maximum alimentary
fill. Food intake was increased or decreased to attain the
target BCV, if intake was not greater than maximum
alimentary fill. Maximum alimentary fill was established as
a constant related to the maximum body weight achieved.
Alimentary fill was allowed to change seasonally, providing
intake flexibility intake as forage availability and quality
change.

The response curve between voluntarv food intake and
digestibility presented by Spalinger (1980) (Fig. 13) was
expanded to include changes in seasonal energy demands
dictated by animal production requirements (Fig. 14). Line
A represents the maximum intake for any array of forage with
varying digestibility (nutritive value). It simply implies
that as forage quality increases, intake per unit time can
also increase. At points B and C control of intake by
physical limitation (i.e., gut fill) changes to physio-
logical requirement as in Fig. 13. Point C represents the
maximum intake required to meet summer demands for tissue
growth and fat anabolism. Intake at point B is below the
maintenance requirement for the animal and represents the

period when weight loss and fat catabolism occurs (i.e.,
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winter). Lines Bl and C, represent the physioclogical
control mechanism that reduces intake as diet quality
improves.

For moose, the line B1 is derived from the studies by
Schwartz et al. (1984) and Renecker and Hudson (1985) in
which food intake was reduced in late winter even though
forage quality and availability were similar to that
consumed in early winter. Hence, in the present model food
intake is not always determined from maximum rumen fill and
this is an important deviation from that proposed by Swift
(1983).

Points D and E represent minimum levels in diet guality
necessary to meet winter and summer production requirements,
respectively. Below these values intake is regulated by
diet quality and gut fill rather than production demands.
The gradient along line A between points B and C represents
the dynamic status of energy requirements and the subsequent

control of intake; it explains the logic behind body

condition control over appetite.

Model Description

The model predicted food intake is regulated by
seasonal energy demands of the animal to achieve target body
conditions. This approach differs from that previously

proposed by Swift (1983)., In Swift's model, food intake is



regulated by rumen fill alone and body condition is the
output rather than the driving variable of the model. The
assumption made by Swift that ruminants always eat to rumen

fill was probably incorrect (Schwartz et al. 1986b).

METHODS

Basic energy flows presented in this one-day step model
are simple and only address energy partitioning (Fig. 15);
the model does not deal with nitrogen balance. The model
was divided into the following sections for both calculation
and discussion: (1) energy costs of digestion, (2) activity
energy'costs, (3) summing energy costs, (4) body condition,
and (5) regulation of intake. Table 16 presents a descrip-

tion of the variables used in the model.

Energyv Costs of Digestion

Resting Metabolism:

Resting metabolism (RM) was estimated in the model and
is the sum of basal metabolic rate (BMR) and heat increment
(HI) of the feed. This relationship is similar to one
discussed by Marston (1948) with domestic sheep. RM was
estimated based on the previous 28~day metabolizable energy

0.75

intake (MEIBW) (kcal/kg BW /4d) .

RM = 68.8 + (0.289 * MEIBW) (1)
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Table 16. Description and units of variables and constants
used in the model. All rates have the implied
time dimension of 1 day.

Name Description Units

ACTKCAL Sum of the activity costs kcal

AGEDAYS Current age in days days

BCEP Energy pool available in BCEPL plus BCEPF kcal

BCEPF Energy pool available in fat kcal

BCEPL Energy pool available in LBW kcal

BCV Body condition value (TBW/TBF) units

DIFFKCAL Sum of DIFFTBF plus DIFFLBW converted to kcal

DIFFLBW Difference between EXLBW and LBW kg

DIFFTBF Difference between EXTBF and TBF kg

DIG Digestibility of the diet (g out/g in) units

DINTAKE Digestible energy intake kcal

EBALANCE The daily surplus or deficit of energy kcal

EXLBW Expected lean body weight from Brody curve kg

EXTBF Expected total body fat %

FECALE Fecal energy loss kcal

FEEDING Percentage of the day spent feeding %

GUN Urinary nitrogen g

INTAKE Intake of dry matter g

INTKCAL Gross energy available from intake kcal

KCALSG Gross energy content of the diet kcal

XKFEEDING Energyv cost for the time spent feeding kcal

KLYING Energy cost for the time spent lying kcal

KSTANDING Energy cost for the time spent standing kcal

KWALKING Energy cost for the time spent walking kcal

LBW Current lean body weight (weight-fat) kg

LYING Percentage of the day spent lying %

MAINT Energy requirements for maintenance kcal

MAXAGE Animal life span 0.75 days

MEIBW Metabolizable energy intake kg BW ° kcal

METHANEE Methane energy loss kcal

MTBW Maximum body weight ever obtained kg

MXINTAKE Maximum digestive tract capacity g

MXLBW '~ Maximum lean body weight from Brody curve kg

MXVN Maximum rumen volume of nondigestibles g

NETE Net energy available from intake kcal

NITRO Nitrogen content of the diet mg/g

STANDING Percentage of the day spent standing %

TBF Current total body fat kg

TBW Total body weight of the animal kg

THP Resting metabolism kcal

TMRT Total mean retention time hrs

URINEE Urinary energy loss kcal

WALKING Percentage of the day spent walking %

XKCALS Surplus energy available kcal
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Fecal Energy Loss:

Daily fecal energy loss (FECALE, kcal) is inversely
related to the digestibility of the diet (DIG) and is

calculated as follows:

FECALE = INTAKE * (1-DIG) * KCALSG (2}

where INTAKE is daily dry matter intake (g) and KCALSG is the

average caloric content (usually 4.5 kcal/g) (Golley 1961,

Milchunas et al. 1978) of the diet.

Urine Energy Loss:

Because a major portion of the energy lost in urine
comes from protein metabolism, daily urinary energy loss
(URINEE, kcal) was related to nitrogen content (NITRO,
g/100g) of the diet and to intake. Equations 3 and 4
calculate daily urinary nitrogen (GUN, g) which was
converted to caloric loss from data derived for moose and
reported by Schwartz et al. (1986c).

0

GUN=((.5607* (NITRO*INTAKE) * TBWC® ’°)+.05607) /TBWC " />

(3)

URINEE=307.3 + (8.327*GUN) (4)
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Methane Enerqgy Loss:

Methane is a by-product of microbial fermentation in
the rumen and lost through eructation. Estimation of daily
methane energy loss (METHANEE, kcal) was derived from an
equation presented by Swift (1983) using data from cattle

and sheep (Blaxter and Clapperton 1965).

METHANEE=3,64 + (7.5*DIG) + (DINTAKE/MAINT)*(1,03-(2.8*DIG))

(5)

DINTAKE is daily digestible energy intake (kcal), and MAINT

is daily maintenance energy requirement (kcal).

Activity Energy Costs

Energy expenditure associated with various activity for
moose has been estimated by Renecker and Hudson (1983) using
a calibrated heart rate index. Inputs are based on

percentage of a day spent at each activity.

Cost of Lying:

The cost of lving is the mean cost from 3 different
lying or bedded activities, dozing, alert, and ruminating

{Renecker and Hudson 1983):


http:METHANEE=3.64
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KLYING = ((LYING/100)*(0.1433%24))*TBW’" > (6)

where KLYING is the daily energy cost for time spent lying
(kcal), 0.1433 is a constant which estimates caloric cost

0.75

per h/kg BW , and 24 is a constant converting a day to

hours.

Cost of Standing:

KSTANDING= ( (STANDING/100) * (0.8122%24) ) *TBWO " /2

(7)
KSTANDING is the daily energy cost for time spent standing
(kcal), STAND is the percent of day spent standing, 0.8122
is a constant which estimates caloric cost per h/kg BWO’75

to stand, and 24 is a constant to convert dayv to hours

(Renecker and Hudson 1983).

Cost of Feeding:

Feeding cost was estimated by Renecker and Hudson
(1983) from moose feeding at 4 different height planes:
cratering at ground level and feeding on vegetation at 3
different heights (low, middle, high). The mean value for
all these activities was used in the model. The equation to

calculate costs of feeding was:
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KFEEDING=( (FEEDING/100) * (1.0332%24) ) *TBW0 " />

where KFEEDING is the daily cost for time spent feeding
(kcal), FEEDING is percent of the dav spent feeding, 1.0322
is a constant for cost (kcal) per h/kg BWO'?5 to feed, and

24 is a constant to convert day to hours.

Cost of Walking:

The cost of walking represents only the time spent
walking; no adjustments for speed or slope were made.

75 (9)

KWALKING= ( (WALKING/1000) * (1.8872%24) ) *TBW" '
where KWALKING is the daily cost for time spent walking
(kcal), WALK is percent of the day spent walking, 1.8872 is

0.75 {6 walk, 24

a constant for the cost (kcals) per h/kg BW
is a constant to convert day to hours (Renecker and Hudson

1983).

Summing of Activity Costs:

ACTKCAL = KLYING + KSTANDING + KFEEDING + XKWALKING (10)

ACTKCAL is the daily energy cost of activities.
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Summing of Energy Costs

Energy retained for production (NETE, kcal/d} is
calculated as energy inputs minus energy losses. Intake of
dry matter is converted to calories by multiplying intake by
the kcals of gross energy in the forage. This value
represents energy input (INTKCAL). Energy losses are then
subtracted from INTKCAL. These energy losses represent
fecal, urine, methane, resting metabolism, and activity

costs. The eguation to calculate net energy was:
NETE=INTKCAL- (FECALE+URINEE+METHANEE+RM+ACTKCAL) (11)

where NETE is net energy available before depleting or

building body reserves, INTKCALS is kcals gross energy in

INTAKE.

Body Condition

Body condition is the critical driver of the model.
All estimates of intake relate to BCV (body condition value,
TBF/TBW) with maximum intake controlled bv maximum-
alimentary fill. However, if the animal is not reguired to
eat to maximum rumen fill to meet the energy demands, then

intake is regulated by BCV (i.e., physiological control).
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Estimated Lean Body Weight:

The expected lean body weight (EXLBW, kg) in relation
to age was calculated from a Brody curve (Brody 1945)
adjusted for moose. The adjustments were made to the shape
parameter using data presented by Schwartz et al. (1984,
1986d) resulting in the following equation:

(-9.1*agedays) /MXAGE)

EXLBW=MXLBW* (1-e (12)

where MXLBW is maximum lean body weight (kg), =9.1 is a
shape parameter for the curve, AGEDAYS is the current age in

days, and MXDAYS is maximum life span for a moose.

Expected Total Body Fat:

Expected total body fat (EXTBF, kg) for the model is an
input parameter. It was determined by controlled feeding
experiments with moose offered a high quality diet ad
libitum and by estimating BCV throughout the year. BCV
represents the current physical body condition of a moose

given by its fat reserves.

Weight Loss:

Under the constraints of this model, body condition
dictates intake. Thus, if the animal has more fat than

required to meet the expected BCV, it must burn its fat
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stores and loses weight. This is accomplished by reducing
intake, thereby putting the animal in negative energy
balance. The model assumes 100% efficiency of energy
utilization from body stores. Weight loss occurs as
follows: if the animal's EXTBF is less than TBF the
difference is added to a bookkeeping value (BCEPF, kcal)

within the model.

DIFFTBF = TBF - EXTBF (13)

BCEPF = DIFFTBF * 9.4 * 1000 (14)

DIFFTBF (kg) is the difference between total body fat and
expected total body fat. Body fat has a caloric value of 9.4
(Torbit 1981), and 1000 converts g to kg.

Torbit (1981) reported that when fat catabolism
occurred, loss of LBW also occurred. In mule deer

(Odocoileus hemionus) for each kg of fat lost there was a

corresponding 0.43 kg loss of LBW. This is accounted for in
the model by reducing LBW proportionally with TBF loss.
Energy available for metabolism from each unit LBW loss is

calculated as described by Swift (1983) where:

DIFFLBW = DIFFTBF * 0.43 (15)



BCEPL = ((0.3056*(DIFFLBW*1000)) +

(0.6944*0.449* (DIFFLBW*1000)))/0.29

where DIFFLBW (kg) loss of LBW, 0.43 is the proportion of
LBW loss related to TBF (Torbit 1981), BCEPL (kcal) is a
variable used for summation purposes, 0.3056 is non-
nitrogenous energy per unit LBW, 0.6944 is nitrogenous
energy per unit LBW, 0.449 is a constant for the efficiency
of the deanimation process, 1000 converts kg to g, and 0.29
converts to a dry matter basis (van Es 1977).

BCEPF and BCEPL are summed to a variable (BCEP) which

is used only for summation during calculations.
BCEP = BCEPF + BCEPL (16)

Weight Gain:

When current body weight is less than expected body
weight, the model attempts to make the simulated animal gain

weight. Weight gain can be achieved in 3 ways:

1) Lean Body Weight Gain

When EXTBF equals TBF and LBW is less than EXLBW then
deposition of LBW takes place, when energy is available. 1In
this case, food intake increases to meet energy required to

obtain EXLBW with the following:
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DIFFLBW= (LBW-EXLBW)*(5.4*1000*0.71) (17)

where 5.4 is the caloric value of LBW, 1000 converts kcal/g
to kcal/kg, and 0.71 increases the energy regquired to meet
energy demands for deposition of LBW since the process is

only 71% efficient.

2) Gain Fat
If LBW is equal to EXLBW, but TBF is less than EXTBF,
the animal will store fat when surplus dietary energy is

available.

TBF=TBF+ (XKCALS/ (9.4*1000*(0.,71)) (18)

XKCALS (kcal) is the surplus energy available from
dietary metabolizable energy, 9.4 is the energy content of
fat (kcal/g), 1000 converts g to kg, and this process is

assumed 71% efficient (0.71).

3) Gaining Fat Plus Lean
If both TBF and LBW are below expected values (i.e.,
EXTBRF and EXLBW) the animal will gain lean body weight and

store fat in the ratio given by Torbit (1981).


http:TBF=TBF+(XKCALS/(9.4*1000*(0.71
http:LBW-EXLBW)*(5.4*1000*0.71

DIFFLBW= (LBW-EXLBW) *(5.4*1000*0.71) (19)
DIFFTBF=(TBF-EXTBF) *(9.4*1000*0.71) (20)
DIFFKCAL=DIFFLBW+DIFFTBF (21)

If DIFFKCAL cannot be achieved with energy available
from food intake (kcal) then energy is partitioned to LBW

and TBF as follows:

LBW=( ( (XKCALS*.7)/(5.4*1000*0.71)))/1000) (22)

TBF=( ( (XKCALS*.3)/(9.4*1000)*0.71))/1000) (23)

Regulation Of Food Intake

Food intake was estimated in a multi-step process in
which the predicted intake required to meet target BCV was
compared with the maximum intake possible (MXINTAKE, g) for
the current diet digestibility. Determination of INTAKE and
INTKCAL was described above, and MXINTAKE was determined
based on the results from maximum intake levels recorded
from moose (Schwartz et al. 1984, 1986b). MXINTAKE is a
function of TMRT and maximum nondigestible alimentary fill

(MXVN, g).

The steps are as follows:
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1) calculate TMRT (h) for the current intake
6.75

TMRT=60.860~(0.2366* (INTAKE/TBW ) (24)
2) calculate the maximum alimentary fill (MXVN, g/24 h)
MXVN= (130g/MTBW) * ((1-0.56/24) *TMRT (25)
3) calculate the maximum intake (MXINTAKE, g/24 h)
MXINTAKE=MXVN+ (MXVN*DIG) /(2* (1-DIG)) (26)

If INTAKE < MXINTAKE =——====- > use INTAKE

If INTAKE > MXINTAKE ---=-== < use MXINTAKE
DIG is the digestibility of the diet, 0.56 is a constant
(Schwartz et al. 1986b) and MTBW (kg) is the maximum total

body weight ever attained by the animal.

Energy Balance:

Energy balance (EBALANCE, kcal/d) in the model is the
energy required to achieve target BCV (i.e, EXTBF and
EXLBW)}. Energy required to meet the target BCV is added or
subtracted to the gross energy intake and energetic costs
are subtracted from this total. This provides that EBALANCE
is equal to 0 to meet target BCV goals. If EBALANCE is >0
the animal will reduce energy intake to meet target BCV. If

EBALANCE is <0 then energy intake is increased to meet BCV



goals. However, if energy intake cannot meet BCV goals due
to limits of alimentary fill, the animal will eat to maximum

alimentary fill,

EBALANCE=DIFFRKCAL+NETE (27)

RESULTS AND DISCUSSION

Computer simulation models should be tested against
empirical data. When this type of data is unavailable,
model testing is reduced to uncovering program errors
(Hudson and White 1985). I have been able to test the moose
nutrient control model against empirical data, and from
these tests can discuss theoretical implications to energy

partitioning.

Model Inputs

This simulation model is based on an adult nonproduc-
tive female moose with the starting values for the model
given in Table 17, Monthly inputs are used for forage
gualities (nitrogen content and digestibility of the diet)
(Table 18). Also, EXTBF values are entered on a monthly
basis and daily interpolations are made to smooth the
transition between months. Activity costs were also entered

monthly; however, only data from winter activity studies
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Table 17. Starting inputs for the simulation of an adult
nonpregnant female moose.

Age (days) 1250
Total body weight (kg) 450
Total body fat (kqg) 108
Maximum lean body weight (kg) 350
Starting day (Julian) 1
Ending day (Julian) 366

Activity (% of day)a

Standing 4.7
Walking 3.2
Feeding 40.6
Lving 51.5

a Fixed values are used because only 1 report of activity
was available.
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Table 18, Model inputs for body fat, food digestibility,
and nitrogen content of the diet by Julian day.
The model interpolates between input values.

Julian Day Mitrogen Digestibility Body Fat

‘ (g/100g) (g/100qg) (%)
15. 0.0106 0.315 26

32F 0.0109 0.312 24

60 0.0109 0.315 22
917 0.0112 0.333 18
121m 0.0300 0.560 16
152 0.0250 0.531 18
1827 0.0250 0.531 21
213A 0.0250 0.447 22
2449 0.0214 0.420 23
2742 0.0214 0.396 23
305, 0.0101 0.376 24

335 0.0106 0.315 25
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were available so activity had to be treated as a constant

throughout the year,.

Sensitivity Analysis

Sensitivity analysis of the model was done by
increasing the key parameters DIG, THP, TMRT, MXINTAKE, and
ACTKCAL by 10% and monitoring change in the sum of yearly
food intake (Table 19). The validation runs were started on
January 1 and run through December 31.

Model sensitivity to kev parameters affected the sum of
yearly intake differently. DIG had the greatest effect and
decreased food intake by 10.9% a year. This is less than
what might be expected (White 1983); however, during the
simulation runs with this model, food intake termination was
not usually based on gut fill, but rather on caloric fill.
Therefore, increasing digestibility 10% would decrease
intake by the same amount to off-set increased caloric
intake. At times when gut fill was the controlling variable,
the increased digestibility would allow for increased
intake. A 10% increase in THP only increased food intake
7.6%. Increasing TMRT or MXINTAKE both increased intake by
6.5%, and ACTKCAL had only a slight effect (0.9%) on vearly
intake.

Initial validation runs of the model were done to

establish whether the model processes were reacting as



Table 19.

Model sensitivity to a 10% increase in input
variables. Sensitivity observed in the change in
predicted vearly food intake of a nonproductive

female moose.

Variable

Description

Yearlv Intake (%)

DIG

THP

TMRT
MXINTAKE
ACTKCAL

Diet digestibility
Resting metabolism
Time in dig. tract
Maximum intake
Activity costs
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proposed. A model simulation of Julian day 1-365 was done
comparing seasonal inputs of DIG, TBF, and nitrogen content
with corresponding seasonal outputs of the model, and no
differences were noted. Fig. 16 presents the simulated
seasonal fluctuation in body fat and bodv weight of a
nonproductive female moose. Seasonal changes in diet
digestibility used by the model are presented in Fig. 17,
which show the dramatic increase in food digestibility in
late spring and the slow decline throughout fall.

In Fig. 18 the RM estimate calculated by the model is

0‘75/28 d

plotted on metabolizable energy intake (kcal/kg BW
mean). Also shown is the line produced by eq. 1 and
demonstrates that the equation used in the model was
reacting as designed.

TMRT was also simulated and checked against the
regression equation (eqg. 24); used in the model (Fig. 19).
This shows the predicted line (eqg. 24), and the variation
around the line, which occurs with large shifts in
daily body weight. This error occurs because the body
weight that is used to predict TMRT is the previous day's
weight and not the current day's weight which was not vet
estimated. The inverse relationship between alimentary fill

(a/kg Bw0.75

) and TMRT is shown in Fig. 20. This shows the
seasonal effects of intake on TMRT and alimentarv fill which

are controlled by food quality and intake.
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Fig. 18. Model-predicted resting metabolism (Y) and metabolizable energy intake
of (X) (previous 28 d mean intake). The solid line is produced from

an equation in the model (Y=08.8+0,289X) for resting metabolism of moose.
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Predicted Seasonal Intake

Yearly intake predicted by the model (Fig. 21) shows
the same seasonal trends as those reported by Schwartz et
al, (1984) and Renecker and Hudson (1985). However, the
predicted intake is more erratic because only 12 inputs of
DIG and EXTBF are used. Partial smoothing of the predicted
intake could be accomplished if polynomial equations were

used for all input variables.

Predicted Maintenance Requirements

Further testing of the model was done by comparison of
predicted winter maintenance requirements with empirical
data reported by Schwartz et al. (1986b). However, Schwartz
and coworkers reported winter maintenance of a mixed cohort
including males and productive and nonproductive females
rather than just the nonproductive female as the model
simulates. Model validation runs were designed to cover the
same seasonal period (21 Nov-22 Apr) as the empirical study
(Fig. 22). Maintenance requirement predicted by the model
is 122,2 compared to 140.8 (kcal digestible energy/kg
BW0'75/d) reported by Schwartz and coworkers. This 15%
difference may be due to the model's overestimation of feed

energy, underestimation of energy costs, or the difference

in energetic costs associated with the mixed cohort animals.
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Maintenance energy requirements are known to change
seasonally (Fig. 23, Table 20) and this was tested by
regressing seasonal weight change with digestible energy
intake. 1In the model, digestible energy (DE) requirements
for maintenance changed seasonally with fall (112.3) being
lower than winter (122.2) or summer (120.6 kcal DE/kg

BWO'?S/d).

Previous Feeding Level

To evaluate the influence of previous feeding level on
energy balance, example calculations were made using the
equation for RM (eqg. 1).

RM = 68.8 + 0.289x

x=28 d mean metabolizable energy intake
Using RM as an estimate of heat production, energy balance
was derived by subtracting RM from metabolizable energy
intake (MEI) (Lofgreen and Garrett 1968).

Energy balance = MEI -~ RM
Fig. 24 shows the relation of energy balance with energy
intake with this simulation run (solid line). However,
because plane of nutrition is known to affect RM (Marston

1948), additional simulations were made to determine the

energy balance:current digestible energy intake relationship

when the previous digestible energy intake was high or low.

The high plane of nutrition (solid line) indicates an
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Table 20, Predicted seasonal estimates of digestible energy
required for maintenance of nonproductive female
moose.

Maintenance
(kcalé
Julian Day Season Y = a + bX kgBwW® * 7> /d)
1 - 365 Year Y = -0.95892 + 0.00724 132.4

335 - 101 Winter Y = -1,08308 + 0,00886 122.2

102 - 218 Summer Y = -0,.77566 + 0.00643 120.6

219 - 334 Fall Y = -0,38983 + 0.00347 112.2

Gaining weight only Y = -0.80760 + 0.00641 126.0

Losing weight only Y = -1,15477 + 0.01055 109.5
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animal that had received 200 kcal/kg BWO‘75/d for the

previous 28 d and the dotted line indicates where the animal
was starved (0 kcal/kg BWO'75/d) for the previous 28 4.

Clearly, the solid line indicates that the efficiency
of retaining energy is low, since the animal's requirements
for RM were higher. The dotted line depicts the potential
increased energy retention efficiency and lower maintenance
requirements of an animal which had been starved for 28 d
prior to offering increasing levels of feed. The dashed
line (Fig. 24) shows the efficiency is high, because less of
the consumed energy was required to meet RM demands. Not
only are the maintenance estimates different among the
treatments but also the efficiency (slope of the line) is
different. However, this response is only temporary and the
dotted (0 plane) and the solid (200 plane) lines will
decrease to equal the solid line in a 28 4 adaptation
period.

To isolate plane-of-nutrition effects, the model
simulation data were subjected to a separate regression
analysis of energy balance on digestible energy intake (Fig.
25) . Maintenance reqﬁirements were estimated from the
model's yearly simulation, Digestible energy requirements
for the animals below maintenance were lower than that for
animals above maintenance (109.5 vs. 126.0, respectively)

(Fig. 25). The mean RM of animals above maintenance (94.4



0.5¢
Animal 0 | - " | |
Weight
Change
(kg/d) ~0.5
— Below -+« Above
| Malntenancs Maintenance
—-1.54
0 50 100 150 200 250 300

Digestible Energy Intake
(kcal/kg BW®3 /d)

Fig. 25. Model-estimated energy balance above and below maintenance for an adult
nonproductive female moose.
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sd=5.34) was higher than for animals below maintenance (81.9
sd=8.28). This 12.5 kcal/kg BWO'75/d difference in energy
available to the animal partially explains the difference in
maintenance estimates for animals above and below
maintenance (i.e., gap between the 2 lines at maintenance).
The difference in slopes (Fig. 25) is due to 2 factors:
the manner in which weight loss and gain occurred (i.e.,
loss of 70% fat, 30% lean; gain of 70% lean, 30% fat until
EXLBW=LBW then 100% fat; Egqg. 13 - 23) and the previous level
of intake. The difference in slopes is dependent on how the
energy available for production is utilized by the animal

and the relative efficiency of the use (i.e., lactation,

growth, and fattening) (Van Soest 1982).

Resting Metabolism

Because maintenance requirements are highly dependent
on RM of the animal, a simulation of seasonal RM is shown in
Fig. 26. In the fall (Julian days 221-334) RM is fairly
constant but high (mean=93.,2 sd=3.49). The summer period
selected was Julian days 103-220; variation was high and the
mean RM was 91.4 (sd=9.89). During the winter period
(Julian days 335-102) the lowest RM (85.7, sd=10.6) was
recorded. The high variation in RM during both the summer
and winter periods was related to large shifts in energy

intake during these periods.
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CONCLUSIONS

This model was developed to evaluate the use of body
condition to derive seasonal food intake and evaluate
seasonal energy requirements. The model's strength is in
its evaluation of energy requirements (Fig. 27), since it
allows the flexibility of changing maintenance energy
requirements.

The mechanism of food intake control cannot be
determined from this model; however, using seasonal body
condition targets to "guide" simulated intake is beneficial.
It is doubtful that energyv intake is independently
controlled by body fat, but proﬁably a host of factors
(i.e., photoperiod, hormones) (Fig. 28).

One weakness of the model is the rigidity in which body
condition controls intake. This may not be a function of
the model alone but rather shows the importance of daily
satiety control (i.e., gut fill).

The model allows intake to go to 0 or as high as
MXINTAKE within 1 dday. This is surely in error and could be
alleviated by a daily subroutine which would restrict the
animal to a minimal daily intake and gradual changes in
daily intakes.

This model enhances understanding of seasonal energy
partitioning and control of food intake. Further knowledge

of these areas allows the biologist to come 1 step closer to
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developing a carrying capacity model with which to manage

moocse.



SYNOPSIS AND CONCLUSIONS

The relationship between forage quality and energy
partitioning is important to further the understanding of
seasonal nutritional status of moose. Food intake, diet
digestibility, and fasting metabolism have the greatest
effects on animal production in simulated energy budgets of
caribou, Therefore, insight into factors controlling food
intake, diet digestibility, and metabolic rate are important
in developing an understanding of the strategies evolved by

moose to meet their seasonal energy reguirements.

Chapter 1

In Alaska, winter browse supply and its nutritive
guality are important ,to moose range carrying capacity.
In many areas of southcentral Alaska, early stages of forest
succession provide an abundance of excellent moose forage
(i.e., aspen and willow). As the vegetation changes the
habitat becomes dominated by paper birch. 1In areas of high
moose density in southcentral Alaska, paper birch becomes
the dominant item in the moose diet even though it is less
preferred than willow or aspen.

Winter forage quality limits forage intake for moose.
This study was conducted to determine if increasing browsing

pressure reduces the quality of forage harvestable by moose.
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Moose browsing point diameters (i.e., the diameter of the
point where moose browse the twig) of paper birch was
determined in each of 4 treatments. The nutritional quality
of paper birch consumed in each of the treatments was
estimated by using the mean browse point diameter from each
treatment and predicting the nutrient content of the
harvested twig. The nutritive quality of harvested twigs
was estimated from nutritional analysis of twigs clipped at
a range of diameters. Nutritional quality was inferred from
measurement of in vitro dry matter disappearance (IVDMD),
crude protein (CP), and fiber.

I hypothesized that increasing use of paper birch by
moose would increase the browse point diameter, thus reducing
forage quality of harvested paper birch. This hypothesis
was reijected as browsing point diameter of paper birch was
not different among the 4 treatments (23, 31, 41, and 66%
utilization). Because browse point diameters were not
different among treatments, estimated nutritional qualities
were not different.

However, nutritional quality of paper birch did decrease
with increasing diameter. Testing 4 different regression
models (i.e, linear, multiplicative, logarithmic, and
exponential models) showed that the multiplicative model best
estimated the decrease in crude protein, neutral detergent

solubles (cell contents), or IVDMD as twig diameter increased.



ChaEter 2

Digestibility and intake of low-quality foods can be
controlled by the retention time in the alimentary tract.
Therefore, insight into the relationship between food intake
and retention time in the digestive tract is important in
understanding the winter feeding strategy of moose.

Furthermore, ruminal and alimentary capacity may varv
seasonally. I hvpothesized that a seasonal shift in alimentary
fill and digesta flow through the alimentary tract exists in
moose. In winter, when food qualitv and availability are
low, alimentary fill is constant and passage rate increases
with increasing food intake. Conversely, in spring/summer
when forage quality and availabilitv are high, alimentary
fill is variable and retention time is positivelv correlated
with intake.

Regression analysis of particle total mean retention

0'75/d) indicated that as

time (h) on food intake (g/ kg BW
food intake decreased in winter, the particulate total mean
retention times increased (slope = =-1.22). In spring (Apr
1984-85), 2 trials indicated that an increase in food intake
had a slight (slopes = -0.22 and -0.06) effect on particulate
total mean retention times. The intercepts of linear
regression (i.e., particle total mean retention time (Y) h

0.75

on food intake (X) g/kg BW /d) were 114.,4 for December

and 62.4 and 54.4 h for the 2 April trials which indicate
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that at 0 food intake digesta would be retained in the
alimentary tract longer in the winter.

Alimentary fill in January did not increase as food
intake increased, in fact it slightly declined. 1In the 2
spring trials, in contrast, alimentary fill increased
slightly with increasing intakes. The intercepts of linear
regression (i.e., alimentary fill (Y g/ka BW) on food intake

X g/kg BT

/d)) indicated that the alimentary fill at 0
intake is greater for the January trial (24.3) than the
April trials (6.2 and 4.6 h).

These trials suggest that moose seasonally optimize

forage nutrient intake by altering their digestive fill.

ChaEter 3

Animals are required to expend a major portion of their
food energy intake for physiological homeostasis (BMR). The
measure of physiological homeostasis for ruminant animals 1is
difficult, because heat production of the animal is
influenced by feeding level.

Because prior feeding level influences BMR and large
variations in seasonal intakes have been reported for moose,
I hypothesized that much of the seasonal variation previously
reported was due to prior feeding level. The objective of
this study was to determine the effect of energy intake on

the resting metabolism (lying, fed state) of moose and to



estimate the theoretical BMR (TBM). TBM was estimated as
the Y intercept of the linear regression of animal heat
production on metabolizable energy intake (MEI). Seasonal
differences in TBM during December, February, and April were
evaluated.

0.

The results show that MEI kcal/kg BW 75,/d had a

significant effect on resting metabolism (RM) kcal/kg
BW0‘75/d. Correlations between RM and MEI were done for
different time periods (i.e., 7, 14, 21, 28, and 35) prior
to measurement of RM, and the highest correlation of RM with
MEI was found for the previous 28 d mean intake. The

estimate of TBM was 68.8, 55.4, and 83.3 kcal/kg BW'® >

/d
for trials 1 (Dec), 2 (Feb), and 3 (Apr), respectively.
However, estimated TBM was not significantly (p<0.05)
different among the trials.

The pooled (i.e, trials 1, 2, and 3) linear regression
model (i.e., RM Y=68.6+0,289*MEI) is useful in animal
simulation models. Currently, the most common procedure for
estimation of animal heat production is estimation of BMR,
estimation of heat increment, and summing the 2 values. The
relation between RM and MEI provides an estimate of heat
production without the uncertainty of additive models.

During the 3 trials, feed intake was significantly

different among the 3 diet quality treatments (1.99, 2.26,

and 2.61 metabolizable energy kcal/g). However, the caloric
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intake was not different among treatments, suggesting that

animals ate to caloric fill rather than alimentary fill.

Chapter 4

The simulation model presented in Chapter 4 proved
useful in molding together ideas, speculations, and the
results of Chapters 2 and 3. This simulation model predicts
intake and energy requirements of moose based on an
assumption that moose have innate seasonal body condition
targets. These target body condition levels were derived by
feeding moose a pelleted diet ad libitum throughout the year
and estimating seasonal body condition.

In the model, food intake is controlled by both a
maximum alimentary £ill and bv caloric fill (i.e., energy
reguired to achieve target bodv condition). The model
allows the moose to eat until its caloric requirements have
been met or the maximum alimentary £ill is achieved.

Resting metabolism is not constant in the model, but
rather a response to energv intake. This allows for
seasonal changes in resting metabolism as ingested energy
intake changes to meet energy demands for production of body
tissue. Therefore, resting metabolism changes seasonally,
and maintenance requirements change seasonally.

The model proved useful in predicting seasonal energy

requirements. The model predicted winter (Nov 21-Apr 22)
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maintenance requirement for the nonproductive female was
122.2 compared with experimental results of 140.8 (kcal/kg
sw’*73/q) .

Predicted food intakes by the model were very erratic
with large daily fluctuations. This is in response to bodyv
condition targets that were changed on a monthly basis.
Furthermore, food intake in the model was restricted only by
a calculated upper limit (i.e., maximum intake) and a lower
limit of 0 intake. Therefore, daily intakes could make
excursions from maximum intake to 0 intake on consecutive
days. The model should be modified to allow for satiety
control of food intake, thereby establishing a minimum
intake level above 0 which would reduce daily intake
fluctuations.

This model's strong point is its flexibility in allowing
the "animal" to alter body condition. In most ruminant
simulation models, intake is regulated by alimentarv fill
alone, thereby setting intake. This model allows an animal
to gain or lose weight depending on the forage quality and

body condition targets independent of the season of year.

Important Findings

Chapter 1:

1) Increasing utilization of paper birch (UT; + 80% C.I.)

by moose from 23 to 66% of potential availabilitv did not
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significantly increase moose mean browse point diameter
(MBP; mm):

Pen 1 UT 41

H-

11; MPB=2.64; sd=1.18

Pen 2 UT 23

i+

10; MBP=2.55; sd=1.10

Pen 3 UT 31

H

14; MBP=2,50; sd=0.95
Pen 4 UT 66 t+ 10; MBP=2,83; sd=0.96
2) Regression analysis of nutrient content of paper birch
on diameter (2, 3, 4, 5, 6, 7, 8, 9 mm) showed that a
multiplicative model (Ymaxb) provided the best fit for:
Crude Protein v=10.5 X 0-3%%, SE est 0.048;
=-0.971; n= 7
Neutral Detergent Solubles Y¥=50.46 x~0.422

SE est 0,034; r==0.,990; n=7

In Vitro Dry Matter Disappearance Y=31 X-O‘384
SE est 0.070; r=-0.919; n=6
3) Because nutritional quality of paper birch varies with

diameter, I recommend that forage collected for nutritional
analysis should be clipped to the observed mean browse point
diameter.

4) Since the browse point diameters were not different
among different utilization levels, the predicted nutritive
guality of paper birch was not different among treatments.

5) Digestive inhibitors appeared to alter the digestibilitw
or predicted digestibilitv of the paper birch. Plant

secondary compounds may have caused an overestimation of


http:MBP=2.83
http:MBP=2.50
http:MBP=2.55
http:MPB=2.64
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neutral detergent solubles, thereby reducing digestibility
below that predicted by the VanSoest formula. An alternative
explanation was that the secondary chemicals inhibited

digestion in vitro of the paper birch.

Chagter 2

6) These results indicate that moose optimize energy
intake in winter by altering food retention time in the
alimentary tract and maintaining a constant alimentary fill.
This allows rapid movement of the poorly digestible material
through the alimentary tract if intake is high. However,
during periods of low intake (e.g, low availability) retention
time in the digestive tract increases to enhance nutrient
extraction.

In spring/summer the digestive strategy of moose
appears to link alimentary fill with intake, thereby
increasing alimentary fill as food intake increases.
Furthermore, increasing food intake has only a slight
influence on retention time of digesta in the alimentary
tract. This strategv allows the moose to increase intake of
spring/summer plant material, which has a rapid rate of
digestion, while minimizing the expected decrease in digesta
retention time. Increased retention time of spring/summer

forage material would not likely enhance digestibility.
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Chapter 3
7) Metabolizable energy intake (X) kcal/kg BW0'75/d had a
significant effect on resting metabolism (Y) kcal/kg
BW0‘75/d in moose.

Resting Metabolism Y=68.8+0.289X r=0.522;

SE est 10.17; n=20

8) The theoretical BMR was not different (p<0.05) among
December (68.8; SE=24,09; n=7), February (55.4; SE=15.01;
n=7) or April (81.3; SE=29.95; n=6). However, since there
is a large error associated with the TBM estimate, the
results on seasonal trends are inconclusive.
9) Metabolizable energy intake had no effect on
respiratory quotient (RQ), though the RQ was significantly
lower in February (0.61; sd=0.50) than December (0.72;
sd=0.74) or April (0.78;sd=0.13).
10) During the 3 trials, feed intake (g/kg BW0'75/d) was
significantly different among the 3 diet quality treatments
(1.99, 2.26, and 2.61 metabolizable energy kcal/g). However,
the caloric intake was not different among treatments,

suggesting that animals ate to meet a minimal caloric

requirement.

ChaEter 4

11) The moose simulation model was based on the assumption

that moose have seasonal body condition targets which they


http:78;sd=0.13
http:SE=29.95
http:SE=15.01
http:SE=24.09

attempt to achieve by altering food intake. This assumption
could not be tested in the model, but the model output was
in good agreement with reported estimates of seasonal energy
requirements.

12) Sensitivity analysis of the moose simulation model
showed that a 10% increase in digestibility reduced yearly
intake by -10.9%. This is contrary to previously reported
sensitivity analysis but is due to physiological control of
intake rather than physical control of intake.

13) Sensitivity analysis (+10%) of the variables for
resting metabolism, total mean retention time, maximum
intake and daily activity costs increased yearly food intake

by 7.6, 6.5, 6.5, and 0.9%, respectively.

Management Implications

Understanding the limits and abilities of the land to
support animal populations is essential in providing
additional information for wildlife biologists. Estimation
of nutritional qualitv of the forage utilized by moose
should not be done using the classical method based on
current annual growth as the main criterion. This study
shows that an estimate of the browse point diameter should
be made to estimate both food availability on the range and

the nutritional quality of the forage.
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Estimates of seasonal food intakes and body condition
provided by the simulation model allow the biologist to
compare best case:worst case scenarios for managed animal
populations. The full usefulness of this type of model will
be realized when it is integrated into a population model
that relates range to body condition to reproductive

performance in order to predict population trends with time.



LITERATURE CITED

AOAC. 1980. Official Methods of Analysis (13th Ed.).
Association of Official Analytical Chemists.
Washington, DC..

Adams, D.C. and R.J. Kartchner. 1984. Effect of level of
forage intake on rumen ammonia, pH, liquid volume and
liguid dilution rate in beef cattle. J. Anim. Sci.
58(3):708-713,.

Allen, M.S. 1982, Investigation into the use of rare earth
elements as gastrointestinal markers. M.S. Thesis.
Cornell University, Ithaca, New York. 107 pp.

Ammann, A.P., R.L., Cowan, C.L. Mothershead and B.R.
Baumgardt. 1973. Dry matter and energy intake in
relation to digestibility in white-tailed deer. J.
wildl. Manage. 37:195-201.

Anand, B.K., 1961, Nervous regulation of food intake.
Physiol. Rev. 41:677-692,

Anderson, A.E., D.E. Medin and D.C. Bowden. 1972. 1Indices
of carcass fat in a Colorado mule deer population. J.
Wildl. Manage. 36:579-594.

ARC (Agricultural Research Council). 1980. The nutrient
requirements of ruminant livestock. Commonwealth
Bureaux, Slough, England. 351 pp.

Arnold, G.W. 1985. Regulation of forage intake. Pages
81-101 in R. J. Hudson and R. G. White, eds.
Bioenergetics of Wild Herbivores. CRC Press, Boca
Raton, Florida. 314 pp.

Baile, C.A. and J.M, Forbes. 1974. Control of feed intake
and regulation of energy balance in ruminants.
Physiol. Rev. 54:160-214.

Balch, C.C. and R.C. Campling. 1962. Regulation of
voluntary food intake in ruminants. Nutr. Abstr. Rev.
32:669-686.

Balch, C.C. and R.C. Campling. 1965. Rate of passage of
digesta through the ruminant digestive tract. Pages
108-123 in R.W. Dougherty, ed. Physiology of Digestion
in the Ruminant, Buttersworth, Washington D.C. 480 pp.



140

Bandy, J.P., I.McT. Cowan and A.J. Wood. 1970. Comparative
growth in four races of black-tailed deer (Odocoileus
hemionus). Part 1. Growth in body weight. Can. J.
Zool. 48:1401-1410.

Baumgardt, B.R. 1970. Control of feed intake in the
regulation of energy balance. Pages 235-253 in A. T.
Phillipson, ed. Physiology of Digestion and Metabolism
in the Ruminant. Oreil Press Limited, Newcastle upon
Tyne, England. 636 pp.

Blaxter, K.L. 1962. The energy metabolism of ruminants.
C.C. Thomas, Springfield, IL. 332p.

Blaxter, K.L. and J.L. Clapperton. 1965. Prediction of the
amount of methane produced by ruminants. Br. J. Nutr.
19:511-522.

Blaxter, K.L., N.McC. Graham and F.W. Wainman. 1956, Some
observations on the digestibilitv of food by sheep, and
on related problems. Brit. J. Nutr. 10:69-91.

Boston, R.C., P.C. Greif and M. Bergman. 1981. Conversa-
tional Saam - an interactive program for kinetic
analysis of biological systems. Computer Programs in
Biomedicine. 13:111-119.

Brody, S. 1945. Bioenergetics and Growth. Hafner, New
York, N.Y. 1023 pp.

Brvant, J.P. and P.K. Kuropat. 1980. Selection of winter
forage by subarctic browsing vertebrates: The role of
plant chemistry. Ann. Rev. Ecol. Svst. 11:261-285.

Bull, L.S., W.V. Rumpler, T.F. Sweeney and R.A. Zinn. 1979.
Influence of ruminal turnover on site and extent of
digestion. Fed. Proc. 38:2713-2717.

Campling, R.C. 1970. Physiological regulation of voluntary
intake. Pages 226-234 in A.T. Phillipson, ed.
Physiology of Digestion and Metabolism in Ruminants.
Oriel Press, Newcastle, England. 636 pp.

Church, D.C. 1975. Digestive Physiology and Nutrition of
Ruminants. Vol. 1 Digestive Physiologv. O & B Books.
Corvallis, OR. 350 pp.



Conrad, H.R., A.D., Pratt and J.W. Hibbs. 1964. Regulation
of feed intake in dairy cows. I. The change in
importance of physical and physiological factors with
increasing digestibility. J. Dairv Sci. 47:54-62.

Drew, K.R. and J.T. Reid. 1975. Compensatory growth in
immature sheep. III. Feed utilization by sheep
subjected to feed deprivation followed bv
realimentation. J. Agric. Sci. 85:215-220.

Ellis, W.C. 1978, Determinants of grazed forage intake and
digestibility. J. Dairy Sci. 61:1828-1840.

Faichney, G.J. and R,C. Boston. 1983, Interpretation of
the fecal excretion patterns of solute and particle
markers introduced into the rumen of sheep. J. Agric.
Sci. Camb. 101:575-581,

Faichnev, G.J. and S.G. Gherardi. 1986. Relationships
between organic-matter digestibility, dry-matter intake
and solute mean retention times in sheep given a ground
pelleted diet. J. Agric. Sci. Camb. 106:21%-222,

Fancy, S.G. 1986. Daily energy budgets of caribou: A
simulation approach. Ph.D. Thesis. Univ. of Alaska,
Fairbanks. 226 pp.

Flook, D.R, 1970. Causes and implications of an observed
sex differential in the survival of wapiti, Can.
Wildl., Serv. Bull. Rep. Ser. 11, Ottawa. 59 pp.

Forbes, J.M. 1980. Hormones and metabolites in the control
of food intake. Pages 145-160 in Y. Ruckebusch and
P. Thivend, eds. Digestive Physiologv and Metabolism
in Ruminants. AVI Publ. Comp., Inc. Westport, Conn.
854 pp.

Forbes, J.M., W.B. Brown, A.G.M. Al-Banna and R. Jones,
1981. The effect of day length on the growth of lambs.
3. Level of feeding, age of lamb and speed of gut fill
response. Anim. Prod. 32:23-28,.

Franzmann, A.W. and C.C. Schwartz. 1985, Moose twinning
rates: A possible population condition assessment. J.
Wildl. Manage. 49:394-396.

Franzmann, A.W., R.E. LeResche, R,.A. Rausch and J.L.
Oldemever. 1978. Alaskan moose measurements and
measurement-weight relationships. Can. J. Zool.
56:298-306.

141



142

Freeland, W.J. and D.H. Janzen. 1974, Strategies in
herbivory by mammals: The role of secondarv plant
compounds. Am. Nat. 108:269-289,

Freer, M. 1981. The control of food intake in grazing
animals. Pages 277-291 in I.W. MacDonald and A.C.I.
Warner, eds. Digestion and Metabolism in Ruminant.
Univ. of New England Publ. Unit, Armidale, NSW,
Australia. 602 pp.

Galyean, M.L., D.G. Wagner and F.N. Owens. 1979. Level of
intake and site and extent of digestion of high
concentrate diets by steers, J. Anim., Sci. 49:199-203.

Gasaway, W.A. and J.W, Coady. 1975, Review of energy
requirements and rumen fermentation in moose and other
ruminants. Pages 227-262 in J. Bedard, ed. Alces
Moose Ecology. Les Presses De L'Universite Laval,
Quebec 741 pp.

Golley, F.B. 1961. Enerqgv values of ecological materials.
Ecologv 42:581-584.

Graham, N.McC. and T.W. Searle. 1975. Studies on weaned
sheep during and after a period of weight status. I.
Energy and nitrogen utilization. Austr. J. Agric. Res.
26:343-353,

Graham, N.McC., T.W. Searle and D.A, Griffiths. 1974,
Basal metabolic rate in lambs and young sheep. Austr.
J. Agric. Res., 25:957-971.

Grovum, W.L. 1984, Integration of digestion and digesta
kinetics with control of feed intake-a physiological
framework for a model of rumen function. Pages 244-~-268
in F.M.C. Gilchrist and R.I. Mackie, eds. Herbivore
Nutrition in the Subtropics and Tropics. The Science
Press, South Africa. 779 pp.

Grovum, W.L. and V.J. Williams. 1973. Rate of passage of
digesta in sheep. III. Differential rates of water and
dry matter from recticulorumen, abomasum, cecum and
proximal colon. Brit, J. Nutr., 30:231-240.

Grovum, W.L. and V.J. Williams. 1977. Rate of passage of
digesta in sheep. VI. Effects of level of feed intake
on mathematical predictions of kenetics of digesta in
the recticulorumen and intestines. Br., J. Nutr.
38:425-433.



Harrison, D.G., D.E. Beever, D.J. Thompson and D.F. Osbourn.

1976. Manipulation of fermentation in the rumen. J.
Sci. Food Agric. 27: 617-629,

Hart, 8§.T. and C.E. Tolan. 1984, Simultaneous extraction
and determination of ytterbium and cobalt ethylene
diametetracetic acid complex in feces. J. Dairy Sci.
67:888-892.

Hespell, R.B. 1979, Efficiency of growth by ruminal
bacteria. Fed. Proc. 38:2707-2713.

Hjeljord, O,, F. Sundstol and H. Haagenrud. 1982. The
nutritional quality of browse to moose. J. Wildl.
Manage, 46:333-343,

Hobbs, N.T. and D.M, Swift., 1985. Estimates of habitat
carrying capacity incorporating explicit nutritional
constraints. J. Wildl. Manage. 49:814-822,

Hobbs, N.T., D.L. Baker, J.E. Ellis, D.M. Swift and R.A.
Green, 1982, Energy and nitrogen based estimates of
elk winter range carrving capacity. J. Wildl. Manage.
46:12-21.

Hodgson, J.C. and P,C. Thomas. 1975. A relationship
between the molar proportion of propionic acid and the
clearance rate of the liquid phase in the rumen of
sheep. Brit. J. Nutr. 33:447-453.

Hoffman, R.R. 1982. Morphological classification of Sika
deer within the comparative svstem of ruminant feeding
types. Deer 5:352~353.

Hoffman, R.R. 1983. Adaptive changes of gastric and
intestinal morphology in response to different fiber
content in ruminant diets. Pages 51-58 in Fiber in
Human and Animal Nutrition. Roy. Soc. N.Z. Bull. 20.

Holleman, D.F. and R.G. White. 1986. Determination of
digesta volume and passage rate from non-absorbed
particulate phase markers using single dosing method.
University of Alaska, Fairbanks. Soft publication.

Holleman, D.F., R.G. White, K. Frisby, M. Jourdan, P.
Henrichsen and P.G. Tallas. 1983. Food passage rate
in captive muskoxen as measured with non-absorbed
radiolabeled markers. Pages 188-192 in D.R. Klein and
R.G. White, eds. Proc. First Intern. Muskoxen
Symposium. 218 pp.

143



144

Hudson, R.J. and R.G. White. 1985. Computer simulation of
energy budgets. Pages 262-290 in R.J. Hudson and R.G.
White, eds. Bioenergetics of Wild Herbivores. CRC
Press, Boca Raton. 314 pp.

Hudson, R.J. and R.J. Christopherson. 1985. Maintenance
metabolism. In R.J. Hudson and R.G. White, eds.
Bioenergetics of Wild Herbivores. CRC Press, Boca

Raton. 314 pp.

Isaacson, H.R,, F.C., Hinds, M,P. Bryant and F.N. Owens.
1975, Efficiency of energy utilization by mixed rumen
bacteria in continuous culture. J. Dairy Sci,.
58:1645~-1656.

Jones, G.M, 1972, Chemical factors and their relation to
feed intake regulation in ruminants: A review. Can. J.
Anim. Sci. 52:207-239,.

Kay, R.N.B., W. von Engelhardt and R.G. White. 1979. The
digestive physiology of wild ruminants, Pages 743-761
in Y. Ruckebusch and P. Thivend, eds. Digestive
Physiology and Metabolism in Ruminants, MTP Press,
Lancaster, Enagland. 854 pp.

Kellaway, R.C., D.E. Beever, D.J. Thomson, A.R. Austin, S.B,
Cammel and M.L. Elderfield. 1978. The effect of NaCl
and NaHCO3 on digestion in the stomach of weaned
calves., Austr. J. Exp. Agric. Anim., Husb. 13:1-19,

Kennedy, P.M, and L.P. Milligan. 1978. Effects of cold
exposure on digestion, microbial synthesis and nitrogen
transformations in sheep. Brit. J. Nutr. 39:105-117.

Kleiber, M, 1975. The Fire of Life. Robert E. Kreiger
Publ. Comp., New York. 453 pp.

Koong, L. J., C. L. Ferrell and J. A. Neinaber. 1985.
Assessment of interrelationships among levels of intake
and production, organ size and fasting heat production
in growing animals. J. Nutr. 115:1383=-1390.

Krebs, J.R. 1978. Optimal foraging: decision rules for
predators. Chapter 2 in J.R. Krebs and N.B., Davies,
eds. Behavioral Ecology, an Evolutionary Approach.
Sinauer, Sunderland, Mass,

LeResche, R.E, and J.L. Davis. 1973. Importance of
non~browse foods to moose on the Kenai Peninsula,
Alaska. J. Wildl. Manage. 37:279-287.



LeResche, R.E., R.H. Bishop and J.W. Coady. 1974. Distri-
bution and habitat of moose in Alaska. Naturaliste
Can, 101:143-178,

Lofgreen, G.P. and W.N. Garrett. 1968. A system for
expressing net energy requirements and feed values for
growing and finishing beef cattle. J. Anim. Sci.
27:793~-806.

MacNab, J. 1985, Carrying capacity and related slippery
shibboleths. Wildl. Soc. Bull. 13:403-410.

Marston, H.R. 1948. Energy transactions in sheep. I. The
basal heat production and the heat increment. Austr.
J. Agric, Res. B1:93-129,

Mautz, W.W. and G.A. Petrides. 1971. Food passage rate in
the white-tailed deer. J. Wildl. Manage.
35(4):723-731.

McClymont, G.L. 1967. Selectivity and intake in the
grazing ruminant. Pages 129-137 in C.F. Code, ed.
Handbook of Physiology, Section 6: Alimentary Canal, -
Vol. 1, Food and Water Intake. Washington D.C.

922 pp.

McCollum, F.T. 1983. The influence of advancing season on
nutritive quality, intake and rumen fermentation of
cattle diets on blue grama rangeland. Ph.D, Thesis.
New Mexico State University, Las Cruces. 86 pp.

McEwan, E.H. and P.E. Whitehead. 1970. Seasonal changes in
the energy and nitrogen intake in reindeer and caribou.
Can. J. Zool, 48:905-913.

Mertens, D.R. and L.0O. Ely, 1978, Evaluating forage
characteristics using a dynamic model of fiber
disappearance in the ruminant. Proc. 38th Southern
Pasture and Forage Crop Imp. Conf. FL. 49pp.

Milchunas, D.G., M.I. Drver, 0.C. Wallmo and D.E. Johnson.
1978. 1In-vitro/In-vivo relationships of Colorado mule
deer forages, Colo. Div. of Wildl. Spec. Rep. No. 43.

44 pp.

Milne, J.A., J.C. Macrae, A.M, Spence and S. Wilson. 1978,
A comparison of the voluntary intake and digestion of a
range of forages at different times of the year by the
sheep and red deer (Cervus elaphus). Br. J. Nutr.
40:347-357.

145



146

Moen, A.N. 1973, Wwildlife Ecology: An Analytical Approach.
Freeman, San Francisco, CA, 458 pp.

Montgomery, M.J. and B.R. Baumgardt. 1965. Regulation of
food intake in ruminants. 1. Pelleted rations varying
in energy concentration. J. Dairy Sci. 49:569-574.

Mudgal, V.D., R.M. Dixon, P.M. Kennedy and L.P. Milligan.
1982. Effects of two intake levels on retention times
of liguid, particle and microbial markers in the rumen
of sheep. J. Anim. Sci. 54:1051-1062.

Neter, J. and W. Wasserman. 1974. Applied Linear
Statistical Models. Richard D. Irwin. Homewood, IL.
842 pp.

Nilssen, K.J., J.A. Sundsfjord and A.S. Blix. 1984,
Regulation of metabolic rate in Svalbard and Norwegian
reindeer. Am. J. Physiol. 247 (Regulatory Integrative)
Comp. Physiol., 16:R837-R841,

Oldemeyer, J.L. and W.L. Regelin. 1986. Forest succession
and habitat management and moose on the Kenai National
Wildlife Refuge. Viltrevy (In Press).

Ozoga, J.J. and L.J, Verme. 1970. Winter feeding patterns
of penned white~tailed deer. J. Wildl. Manage.
34:431~-439,

Pauls, R.W., R.J. Hudson and §. Sylven. 1981. Energy
metabolism of free-ranging wapiti. Univ. of Alberta
Feeders Day Rep. 60-87.

Pearson, H.A., 1970. Digestion trials:In Vitro techniques.
Pages 85-92 in Range and Wildlife Habitat Evaluation.
U.S. Dep. of Agric. Publ. No. 1147,

Prigge, E.C., M.J. Baker and G.A. Varga. 1984. Comparative
digestion, rumen fermentation and kinetics of forage
diets by steer and wethers. J. Anim. Sci. 59:237-245.

Regelin, W.L., M,E. Hubbert and D.J. Reed. 1986. Test of
two moose carrying capacity models, on the Kenai
Peninsula, Alaska. Final Report to the U,S. Fish and
Wildlife Service.

Regelin, W.L., C.C. Schwartz and A.W. Franzmann. 1981,
Respiration chamber for study of energy expenditure of
moose. Alces 17:126-135.



147

Regelin, W.L., C.C. Schwartz and A.W. Franzmann. 1985,
Seasonal energy metabolism of adult moose. J. Wildl.
Manage. 49:388-393.

Reid, J.T. and J. Robb. 1971. Relationship of body composi-
tion to energy intake and energy efficiencv. J. Dairy
Sci. 54:553~ 564,

Renecker, L.A. and R.J. Hudson. 1983, Winter energy
budgets of free-ranging moose, using a calibrated heart
rate index. Pages 187-211 in Proc. 4th Inter. Conf. on
Wildl. Biotelemetry, Halifax, Nova Scotia.

Renecker, L.A. and R.J. Hudson. 1985. Estimation of dry
matter intake of free-ranging moose. J. Wildl. Manage.
49:785-792.

Rhoades, D.F. 1979. Toward a general theory of plant
antiherbivore chemistry. Pages 3-54 in G.A. Rosenthal
and D.H. Janzen, eds. Herbivores: Their Interaction
with Secondarv Plant Metabolites. Academic Press, New
York. 435 pp.

Riney, T, 1955. Evaluating condition of free-ranging red
deer (Cervus elaphus), with special reference to New
Zealand. Part 1. Description of techniques for
determination of condition of red deer. N.Z. J. Sci.
and Tech., Sect. B, 36:429-463,

Robbins, C.T. 1973. The biological basis for the determina-
tion of carrying capacity. Ph.D. Thesis. Cornell
University, Ithaca, NY. 123 pp.

Robbins, C.T. 1983. Wwildlife Feeding and Nutrition.
Academic Press, New York. 343 pp.

Scott, A.I. 1974. Biosynthesis of natural products.
Science 184:760-764.

SPSS/PC 1984. SPSS Inc. Chicago IL. H-10.

Schwartz, C.C. and N.T. Hobbs. 1985. Forage and range
evaluation. Pages 25-52 in R.J. Hudson and R.G. White,
eds. Bioenergetics of Wild Herbivores. CRC Press,
Boca Raton, Florida. 314 pp.

Schwartz, C.C., M.E. Hubbert and A.W. Franzmann. 1986b,
Energy requirements for winter maintenance of adult
moose. Alaska Department of Fish and Game, Moose
Research Center Annual Report (In press).



148

Schwartz, C.C., W.L. Regelin and A.W. Franzmann. 1984.
Seasonal dynamics of food intake in moose. Alces
20:223=-242.

Schwartz, C.C., W.L. Regelin and A.L. Franzmann. 1985,
Suitability of a formulated ration for moose. J.
Wildl. Manage. 49(1):137-141,

Schwartz, C.C., W.L. Regelin and A.W, Franzmann. 1986c.
Nitrogen flux in moose. J. Wildl. Manage. 50:In
press.

Schwartz, C.C., W.L., Regelin and A.W. Franzmann. 1986d.
Annual weight cycle of moose. Swedish Wildl. Res,
Viltrevy. (In press).

Schwartz, C.C., W.L. Regelin, A.W. Franzmann, R.G. White and
D.F. Holleman. 1986a. Food passage rate in moose.
Alaska Department of Fish and Game, Moose Research
Center Annual Report (In press).

Siddons, R.C., J. Paradine, D.E. Beever and P.R. Cornell.
1985, Ytterbium acetate as a particle-phase digesta-
flow marker. Brit. J. Nutr. 54:509-519.

Silver, H., N.F. Colovos, J.B. Holter and H,H. Hayes. 1969.
Fasting metabolism of white-tailed deer. J. Wildl.
Manage. 33:490-498.

Spalinger, D.E. 1980. Mule deer habitat evaluation based
upon nutritional modeling. M.S. Thesis, Univ. of
Nevada, Reno. 73 pp.

Spalinger, D.E. 1985. The dvnamics of forage digestion and
passage in the rumen of mule deer and elk. Ph.D.
Thesis, Washington State Univ., Pullman, WA. 176 pp.

Staaland, B., E.J. Jacobsen and R.G. White. 1979.
Comparison of the digestive tract in Svalbard and
Norwegian reindeer. Arctic and Alp. Res, 11:457-466,.

Statgraphics. 1985, STCS, Inc. Rockville, MD. 396 pp.

Stoddard, L.A., A.D. Smith and T.W. Box. 1975. Range
Management. McGraw-Hill Book Comp., New York, NY.
532 pp.

Swift, D.M, 1983, A simulation model of energy and
nitrogen balance for free-ranging ruminants. J. Wildl.
Manage. 47:620-645,



Thornton, R.F. and D.J. Minson. 1972. The relationship
between voluntary intake and mean apparent retention
time in the rumen., Austr. J., Agric. Res. 23:871-877.

Torbit, §.C. 1981, 1In Vivo estimation of mule deer body
composition. M.S. Thesis. Colo. State Univ., Fort
Ceollins, CO. 98 pp.

Uden, P., P.E. Colucci, and P.J. Van Soest, 1980,
Investigation of chromium, cerium and cobalt as markers
in digesta. J. Sci. Food Agric. 31:625-638.

Uden, P., T.R. Rounsaville, G.R. Wiggans and P.J. Van Soest.
1982. The measurement of liquid and solid digesta
retention in ruminants, equines and rabbits given
timothy (Pheleum partense) hay. Brit. J. Nutr,.
48:329-339,

van Es, A.J.H. 1977. The energetics of fat deposition
during growth. Nutr. Metab. 21:88-104.

Van Scest, P.J. 1967. Development of a comprehensive
system of feed analyses and its application to forages.
J. Anim. Sci. 26:119-128.

Van Soest, P.J. 1982, Nutritional Ecology of the Ruminant.
0 and B Books, Corvallis, OR. 374 pp.

Varga, G.A. and E.C., Prigge. 1982. Influence of forage
species and level of intake on ruminal turnover rates.
J. Anim. Sci. 55:1498-1504.

Wallmo, 0.C., L.C. Carpenter, W.L. Regelin, R.B. Gill and
D.5L. Baker, 1977. Evaluation of deer habitat on a
nutritional basis. J. Range Manage. 30:122-127.

Webster, A.L.F., J.M, Brockway and J.S. Smith. 1974.
Prediction of the energy requirements for growth in
beef cattle. 1. The irrelevance of fasting metabolism.
Anim. Prod. 19:127-139.

Weiner, J. 1977. Energv metabolism of the roe deer. Acta
Theriol. 22:3-24.

Westra, R. and R.J. Hudson. 1981. Digestive function of
wapiti calves. J. Wildl. Manage. 45:148-~155.

Wheaton, C. and R.D. Brown. 1983. Feed intake and
digestive efficiency of south Texas white-tailed deer.
J. Wildl. Manage. 47:442-450.

149



150

White, R.G. 1983, Foraging patterns and their multiplier
effects on productivity of northern ungulates. Oikos
40:377-384,

White, R.G., D.F. Holleman, C.C. Schwartz, W.L. Regelin and
A.W. Franzmann. 1984, Control of rumen turnover in
northern ruminants. Can. J. Anim, Sci. 64 (Suppl.):
349-350,

Wood, A.J., I.McT. Cowan and H.C. Nordan. 1962.
Periodicity of growth in ungulates as shown by deer of
the genus Odocoileus. Can. J. Zool. 40:593-603.




APFENDIL A, The moose simulation sodel described in Chapter &, This sodel iz in IBM B

-

10

29

30

40

30

40

70

80

30

100
110
120
130
140
130
160
170
180
180
200
210
cr

230
REH]
30
cht
270
£l
295
306
310
3g0
330
360
350
360

ﬂ?ﬁ

:L

P

EE

-——— - -

FOR Kk=1 TO 10:PRINTSHEXT KK
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PRINT" HRCMODEL '
FRINT

PRINT® FORAGE UTILIZATION MODEL FGR MOOSE"

FRINT® IHTAKE REGULATED BY B0DY CONDITION AND MAXIMUM ALIMENTRRY FILL®
FRINT

FRINT® K.E. Hubbert & C.L, Schwartz *
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FRINT® SEPTENMRER 1988 °
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PRINT® VERSION 2.9 °

FRINT

FRINT

FRINT

FRINT

FRINT

FRINT

ERINT

TRHE =450

FOR II=1 TO SiRRINTGHEYT 3

! +4p44 DIVEHSIOH STATEMENTE FOR INPUTS 444344

DIN DIGIT 187, NITRDLZ:i2), FATLZ,12), ZTANBIZ, 120, WELKIZ.120, ﬁ(l??
017 WLLIED, LYING(E,1T), FREDINSIE1C0. AVAILIE, 18], XCIE, 147, WiH3((Z
Ulv S Sm FILT{J 491

! see#dd JRPUTS FOR HITROGEN CONTENT ##sxess
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121158 182,213
14

i3 $ -
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#eedd JHPUTS FOR DEGIRED % FAT AT HONTHLY IMTERVALS ##di+
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390 DATA 24;2:;18'15518!21522533‘2332*35d;£6
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420 '#a33es (0SS ARE BASED ON KCAL/HR/KGBHC.TS #1yedddd

436

! #eeer [HPUTS FOR % OF THE DAY STANDING seessidias
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DQTQ 3E (30?111&115:;IB(4213!244!27%30593353366
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#4343+ [NPUTS FOR % OF THE DAY LYIKG HHEFEEEE
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++4ed THPUTS FOR % OF THE DAY FEEDING  #rvissssd
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FOR 1%= 1 70 12 :READ M{I%): REXT I¥
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LET NNTH%—'JAHFE;H&R?PRanJUlJULﬁUBSEFOCTdQVE'C"
FOR 1%=1 T0 12 {I%-1343 ¢ 1 ¢ MHHS(IX) = MIDS(MNTH:,J%,3) ¢ MEXT 1%
PERIBEFRFFIEEEET GPENINB AN DUTFUT FILD #3333 3333a43d
INFUT" DO YDU WANT DUTFUT TO A FILE Y GR W “jANGS
1F ANG3="Y® THTR 710 ELST 760
INPUT® ENTER OUTPUT FILE NAME™IFILS
IKFUT® ENTER NUMRER OF DAYS BETMEEN CUTPUT 10 FILz (DEY)"iDLY
UPEN FILS A5 B LEN=SS

FIELD #1.5 AS 23.8 &5 83,8 A5 [3,6 A3 U5.8 A5 £3,5 A5 Fs.13 &5 EEGS
FIELD 81,45 A5 B8%.8 AS F13,3 A3 F3%, 1 R2 03, 1 AS S
IRPUY KUMEER CF DAYS BETWEZR ODUTFUT 7O Tvf SCREEW™IOUTS

THRUT® ANIMAL AGE 1M DAYS®AGEDAYS
IPPUT' TGTAL BODY WEIGHT (KB)*:TBd
INFUT® TOTAL BODY FAT (KB)“iT8F
IHFUT® WAXINUM LEAN BODY WCIGHT TO BE
THPUT" STARTING DAY FOR THE RUM (JULIAN
INPUT* ENTER ENDING DAY FOR THIS RUR™;
FRINT
PRINT® THESE NEXT INPUTS ARE USED IN VALIDATION
PRINT® ENTER | FOR DEFAULT OR 1.1 FOR 10% INCREASE®
INPUT"DIBESTIBILITY FACTOR®;XX2
INPUTRACTIVITY FACTOR®;XXI
IHPUT*HEAT PROD. FACTOR™:PPP
INPUT®THRT FACTOR®iFFI
INPUT*BAYINTAKE FACTOR®;FPF2
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INFUT® ARE ALL THESE INPUTS CORRECT (Vi OR WD 1)
IF A$="Y" THEN 930 ELSE 540
IF f$="y" THEN 950 ELSE 740

LPRINTSLFRINT

* LPRINT * ANIMAL ABE IN DAYS® 1 ABEDAYS
'LPRINT * TOTAL BODY WEISHT":TBM
'LFRINT * TOTAL BODY FAT (¥G)"jTBF

"LPRINT ™ MAXINMUM LEAN BODY WEIBHT 7O BE DRTAIMED™iMXLBW

"LPRINT * START AND ENDING DAY FOR THIS RUW ®;1li
'LFRINT * DIGESTIBILITY MULTIFLIER ="iXX2

FOR 13J= 1 T0 & ¢ PRINT :HEXT 1J]
MXAEED=3000  «7%## HAXIMUM ASE IN DAY3
KCALSG=4,45  :’### KCALS / BRAM ERERGY IN FORAS

LBW=TBk-TEF 7 #3424 CALCULATES LEAN BODY WEIGHT

CT=28 (' ##¢ THIE IS A COUNTER FOR RM INTAKE

LET KB = I1% - 1 " #++# KB IS THE VALUE FOR KEEFINS TRACT CF DAY
INTAKE=7000 +° w#3 SETS STARTING VALUZ FOR INTAKE

BINTAKE=70 :’###+ THIS IS JUST A STARTING VRLUE
MTBUW=TEW
FOR 1% = 11% 70 I2%
LET B3=IX
LET 07=83
LET K3=xp+!
IF KBY3LY THEN LET KB=iB-3L3
FOR Jx=t 70 12
LET Mos=MrH$(J%)
IF J4=1 THEN 50TC 1220
LET D=KB-M{J%-11+1
60T0 1240 .
REXT J%
LET D=KB
IF 070345 THEN 07=37 - 343
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' o#xeed CALCULATION FOR DIGESTIRBILITY OF THZ DIET #34#s

FOR IZ%=1 79 2:FOR JB¥=1 TO 12:K0(10%, JUhi=CIGLIGR, 2B

NEAT JEASREXT IB%

LET t=k8

LET N=12

§0SYB 3470

1016=Z14212

" #x#dd CALCULATION FOR NITROGEN IN THE DGIET #dets
FOR 10%=1 7O 2:FOR J@%=1 TO 12:X0(I1E%,JE4R)=NITRO(IGA
REXT JQWINELT 185
ET X

ET N
OSUB
NIT

Jane
LET ¥=K3
LET N=i2
g 3470

INITRO=2}

T oaxed# CALCULATION FCR COST GF TIMT SFENT

STARDIH
FOR 12%=1 TO 2:FOR JCh=1 TO 12:X0(10%,JBA)=5TANDI
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NEXT JO%:NEXT 10%

LET X=K8

LET N=12

50SUB 3470

X5TAND=21

HSTAND={{X5TAND/10C}#24) 460
ESTAND=MSTAND#{{.B122/60)#TBH", 73

348+ CALCULATION FOR THE COST OF TIME SPENT WALKING ##es+
FOR 18%=1 TO €:FOR JQ%=1 TO 12:X0(12%,J0%)=WALK( 18%,JQ%)
REXT JQR:NEXT 18%

LET ¥=t8

LET R=t2

GOSUR 3470

AWALK=2!

MNALK={ CXMALE/ 100 224 ) #h1)

FNALE=MWALK( (], BR72/ 601 %TBN".73)

* +e3t4 CALCULATICN FOR THE COST OF THZ TIME SFENT LYING #sd44
FOR 1@%=1 T 2:FOR JQ%=1 70 12:XG{19%,J@%)=LYINS(10%,J28)
NEXT JRW:NEXT 1B%

LET X=KB

LET H=l2

o0zUE 3479

YLYING=21
HLYING={ (XLYINS/100) #2647 260

KLY ING=MLYING# ((.1433/60)#T5H".79)

' xeed CALCULATION FOR THE COST OF THE TiME
FOR 10%=1 70 2:FCR J@%=! 7O 12:X0113%,]8%=F
KEXT JOR4NEXT 130

LET X=K8

LET N=12

505UB 2470

{FEEDING=21
NFEEDING=((XFEEDIKG/100)#24) 340
KFEEDING=NFEEDING#({1.0332/80)4T5K".73)

' i+ CALCULATIONS FGR % AVATLABLE #4443
FOR 10%=1 T0 2:FCR J@%=1 TO 12:X0(10K, &%) =AVRIL(IZR JENI
NEXT JB%:NEXT 1@%

LET X=K3

LET N=12

50SUB 3570

{AVAIL=C!

" aa#es [RLCULATION TOR DESIRED BODY FAT #isdr

FOR 10@%=1 TG 2:FOR JQ%=1 TO 12:X0{IEGR,JGRI=FATLIER, IR
NEXT JOK:NEXT 18R

LET X=KB

LET N=12

GOSUB 347V

PFAT=21#rF3

EDING #4323

PENT FE
BING(18%.38%)
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EYTBF=TEHE{FFAT/100} ;7 #% KG OF FAT [ESIRED ¢+
DIFFTBF {TEF-EXTBF)
s#aed FREDICTION OF LEAN 20DY kaIBH 13233

*ABEIDAY= ABE IN DAYS

*EXLBU= EXFECTED LEAN EQDY HEIGHT

*MILEW= NAXINUK LEAN 30DY WEIBHT TO BE DBTAINED

"MXABED= NMAYIMUM DAYS IN AGC 70 BE DBTAINED

' -§,1 = & VALUE USEDG THAT BEST EXFRESSES THE LIKE FOR MOG3E
EXLBN = MYLBY # {1 - EiF( -9,100000 # AGEIGAY) MikstD)
"BIFFLBY={L3W~EXLEW!

[F EXTBFSTEF THEN 1990 ELSE 2040

Teadiid BANT TO LOSS FAT WEIBHT #i4++
SCEPF=DIFFTEF+5,393995+{000

DIFFLBME=CIFFTEF4,43 " ¢a43 (035 OF LEAN EODY KEIGHT #41
BCEPL={{.3056% {DIFFLEN2#1000) )+, 69444, 44T+ (DIFFLEN21000)11/,29
Ag="LFL*

TBF2=TEF-DIFFTEF :LBuC=LRW-DIFFLER2

50710 2188

*oxdeed WANT TO GAIN FAT KEIGHT #+3#+%

IF EXLEWOLEW THEN 2080 tLSE 2130
ECEFL=({{DIFFTEF/, 0142, 3335) 45,3+ 1000) "+t 4 15 EFFICIENCY
BLEFF={DIFFTHF#9,35995541000)
r3="GFL"
} TRFR=TSF-(DIFFTEF#.6 1 LEN2=LEN- ({BCEFL/(2,333345, 381000+ .449) )
8010 2180

IF TBFSEXTLF THEN 2180 ELSE 2i40
cCEFF={{DIFFTEF/,0)%5,399959¢ 1000}

3CEPL=0

Ai="BF"
LEwe=L B TEF2=TRF - (DIFFTBFE.6)

! 1 ER4E33% PREDICTION OF INTREE ##33isiss333

IF INTAEEL1D THEN INTAKE=10 ELSE 2200

BCEF=BCEFF+RLEPL

*#+% ADJUSTS MODEL FOR WIGHEST WEIGHT CETAINED

IF MYTRH(TBY THEN MXTBu=TBW ELSE 2230

*#3% THIS LIRE &DDS UF ALL COSTS, 5D WE ENDw KO MUCH ENERBY %2 NcED
*eaeerds TEST FOR MAXIMUM RUMER FILL #esssiessd
THRT={80.BE~{ . 23664 { INTAVE/THNA.75)) 1 #PFL

MAVN=( 1404 MITEN .79 # ({1~ 56 1 {THRT/24)}
UN=INTAKE#{1-XDIG)#(THRT/24)
HYIMTAKE=(XXVN+ (HXVNXDIG) /(R (1~XDIG) 1) aPF2

‘epaed THIS ADJUSTS HOW MUCH THEY CAN EAT BY REDUCING RUMEN FILL
IF BIDTAKESIHTAKE THEN 2350 ELSE 2310

INTAKE=HYINTAKE sRAY={+ THIE 1S T TELL THAT HAY INTHEE

5070 2360

'IF TRFJEXTEF THEN £050 ELSE 2320

*#3343 TESTS IMTAKE AGAINGT EBALANCE  ##3sdiiieiddssdsssd
INTKCAL=INTRKE#KCAL S
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RM={{68,8+,2B94BINTAKE ) #TBR", 75)4PPP

ACTKEAL=(KSTAND+KNALY +KFEEDING+KLYING) #¥ Y1

TEW = INTAKE/TBY*.75

BUN={ 5807+ LLXNITROZINTAKE )# TN, 7504, 058073 /TBR®,75 2744 § HITR

URINEE=207.3 + (B,32728UM)¢ '## KCALS FROM URIKE NITRD

FECALE=IRTAKE#{1~XDIB)4KCALSE

DINTAKE=IHTKLAL-FECALE

MEINTAKE=(INTKCAL~(FECALE+URINEEY)/TEN". 73

METHANEE= -1#{3,6% + (7.5 = DIB) + (DIMTAKE/130 #{1.03 ~ (2.8 # Di&1)

NETE=INTHCAL-(FECALE+METHANEE+URINEE+RI+ACTICAL ) 1P NET ENERSY

“erpaeasd DRELANCE --INTAVE- ALL COSTS AND ENERBY FOOL #ee4wd
ANINALER=INTHCAL~ {FECALEYURTHES +RRAMETHANEE+ACTHLAL)

EBQLQNEE =BUER+aNIHALEE

*ogaidds THIS CHANEES INTAKE TO ENERGY MEEDS s#aad

IF INTRKESO THEN 2700 ELSE 2016

IF ERALANCE{G THEN 2320 ELSE 2540

IF EBRLANCE » ~-20 THEN 2360 ELSE 2530

INTAKE=INTAKE+10s BOTD 2240

IF EBALANCE { 20 THEN 25460 ELBE 2350

INTRKE=INTAKE-10: GDTO 2240

RGEDAYS=AGEDAYS +1 1 T#ee#s COUNTS THE DBAYS

SINTAKE=SINTAKE+ (INTAKE/ 10007 "#%%3 SUMS FOR [NTAKE DVER TIME

‘e¥3eey TAKES THE LAST 28 DAY INTAKE MEAN FOR HEAT PROCUCTION

KET=INTAKE/TBY .79

{707+

SUR(CT)=MEL

FOR FF=C7-28 TO LT

IF SUMIFFI<1 THEN £6&0 ELSE 2540

CT2=LT2+1

CTINTAKE=CTINTAKE+SUN{FF}

NEXT FF

RINTAKE=CTINTAKE/CTE

CTINTAKE=D

{ie=0

#a3¥t THIS ADJUSTS BODY WEIGHT FOR SURFLUS OR ENERGY LEFICIT ##4#s

KCALS= ANINALER

2720 IF MAX=1 THEN 2730 ELSE cB40

2730
2740
2750
2740
2710
2780
2790
2800
2810
2820
£330

IF A$="GF" THEN 2730 ELSE 2740

IF A$="GFL* THEN 2780 ELSE 2810

IF ANIMALER ¢ O THEN 2780 ELSE 2740

TEF= TBF+(ANINALEB/{9.399999:1000))

5010 2850

TBF= TBF+{{ANIMALER®,7}/(9.39599941000}
LBW= LBH+{{ANTHALER®,31/{5,.3+1000))
5070 2850

TBF= TBF-ABS((ARIMALEBY.7)/19.39939921000))
LBN= LBW-RBS{(ANIMALEE+,3)/(5.341000))
5070 2850



2844
2850
2860
2810
2880
2870
2900
2810
2720
2730
2940
2950
2980
2970
2980
2999
3600
2010
3020
3030
3040
3050
30560
3070
3080
3090
3100
3
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2130
3146
3150
31490
317
3180
3150
3200
210
3220
3230
2240
3230
3280
3270
3280
3290

TBE=TBF2: LBW=LBWE
TEW=TBF+LBW

W=7+t

WH7=WN7+

YFAT=(TEF/TRN) #100

IF YFATC S THEN 2900 ELSE 2520

IF XFATC3 THEN 2910 ELEE FRINTANIMAL IS.....NONPRODUCTIVE®
FRINT® THIS ANIMAL FROBABLY IS DEAD... EDDY FAT EELOW 3% “:

TSUNINT=XSURINT + INTAKE
{SURINTE=YSURINTE+IRTAKE

1F MTBR{TBW THEN MTBW=TBW ELSE 2930
MEINT=IHTAKE/TEN",75
MEINTI=MEINTI+HEINT

IF W740UTS THEN 3250

W7=0

FOR IK=1 1D 6 : PRIVT HEXT IK
TLFRINTSLFRINTLRRTNT
LFRINT ° JLLié& DAY *3KB

YEEEREIEFERFERAIE4Y PRINT STATEMENTD 433334484583 3483384%

PRINT "TOTAL BDDY WEIGHT (TBWI";THW

PRINT "LEAN ECDY WEIGHT (KB}*iLBW

PRINT "EXFELTED LEAR BODY WEIGHT {EXLBW)™;TYLEN
FRINT "FAT KEIGHT {£G)"iTBF

PRINT *EYPECTED BODY FAT WEIBHT(EXTEBF):iEXTEF
FRINT "PERCENT BODY FAT i {TBF/TBN)#100

FRINT "INTAKE (k6" LINTAKE/1000:1F NAX=1 THEN FRINT*KAY INTAKE'ELSE 3100

FRINT ®INTRKE /KB BR “IHEINT

FRINT "TOTAL MEAN RETENTION TINE";THRT

FRINT "UIGESTIBILITY % *;KDI6*100

FRINT “% FAT LESIRED®:iPFAT

FRINT *SUR OF INTARE";SINTAKE

FRINT “MERN INTAKE FOR LAST™;QUTS*DAYS®iX3UMINT/CUTS
YXINT=(XSURMINT/QUTS) /TER". 75

1SUNINT=0

YXKEI=MEINTAKE

‘piipiesdEarx ACTIVITY COSTS  AND RENIFITS #ddstissrisss
ACTI={MEINTAKE T4, 79} / (KWALKHE3TAND+RFECDING)
ACT2=INTAKE/ (HWALE+NSTAND+NFEEDING)

PLPRINT*KE INTAKE / KCALS USED IN ACTIVITY"3IACT!
PLPRIBTTINTAKE & / AINUTE SPENT ACTIVE®:1ALTZ
'LPRINT:PRINT
IF WW74DDY THEN 344G ELSE 224D
WW7=0
IF DDY=0 THEN 3440 ELSE 5280

{SURI=XSUNINTE/DDY
LIYINT=XSURT/TEWA .75

3300 (SUMINTE=(

3310

IF ANS$=*Y" THEN 3320 ELSE 3440

160TG €920
8070 3220
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3320 CODEX=COTEX+!

3330 LSET Z$=5TR$(KB)

3340 INTAKEW=INTAKE/TBN*,75:L3ET E$=0TR$(TBW)

3350 XHEAT=RM/THW*,73:LSET C$=STR${TEF)

3340 DINTAKEW=DINTAKE/TEW~.75:L5ET De=STR${XYXINT)
3370 LSET E$=STRS$IDINTAKEW)

3380 BINTAKEW=RINTAKE/TBN*.73:L5ET F$=STR$ (SINTAKE}
3390 MEINT2=MEINT1/DDY:MEINT1=0:L8ET Fis=STRS(RINTAKE)
34050 LSET F33$=5TR${YHEAT)

3410 LSET Gs=CHR${13)

3420 LSET He=CHR3(10)

343¢ PUT B1,CCDEY

450 BRY=0 ¢ axaeda THIS RESETS MAY INTRKE TG 0
HEXT 1Y

FRINT:PRINT+FRINT®™ DUTFUT FILE RAME “3FIL$ :PRINT:GTOF
LET Z1=10{2. 1}

IF ¥4X0tL, 1) THEN 5010 3870

LET /i =N~ 1

FOR J¥% = 1 70 W%

IF 11001, 29+ THEX 6070 2350

IF 1001, 3n+ 1022008, %) THEN BOTQ 2550
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HEXT T4

LET Z21=16{2. M)
RETURN
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