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CARCASS COMPOSITION AND ENERGY RESERVES OF
SAGE GROUSE DURING WINTER!
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Abstract.

Carcass composition of Sage Grouse (Centrocercus urophasianus) was mea-

sured to assess the size and variation of energy reserves during winter in North Park,
Colorado. Fat content ranged from 0.8 to 8.4%. Adults had higher (P = 0.001) fat content
than yearlings (4.7 vs. 2.9%); birds collected in 1982 had more (P < 0.05) fat than birds
collected in 1981. Estimated fat content was higher (P < 0.05) when diethyl ether, rather
than petroleum ether, was used as a solvent (4.0 vs. 3.6%). Fat comprised 85 to 93% of
estimated energy reserves which equaled 9.6, 5.1, 7.0, and 5.3 times standard metabolic
rate for adult and yearling males and adult and yearling females, respectively. All age and
sex classes gained or maintained weight and fat over winter. Relatively small energy reserves
of Sage Grouse are probably most important during breeding and nesting activities.
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INTRODUCTION

Avian energetic studies have demonstrated that
birds can prepare for periods of high energy de-
mand by accumulating reserves of lipids, gly-
cogen, and labile protein. Lipids are the primary
endogenous source of energy used by birds dur-
ing periods of high energy demand such as mi-
gration (Odum and Connell 1956, King and Far-
ner 1963, Blem 1976, McLandress and Raveling
1981), reproduction (Ankney and Maclnnes
1978, Raveling 1979, Krapu 1981, Drobney
1982, Reinecke et al. 1982), or over winter (King
and Farner 1966, Reinecke et al. 1982, Morten-
sen et al. 1983). Most grouse have relatively small
energy reserves; during periods of high energy
demand, energy balance is maintained by con-
tinuous feeding, large intakes, and high passage
rates of food (Thomas et al. 1975, Thomas and
Popko 1981, Brittas and Marcstrom 1982,
Thomas 1982). Labile protein and glycogen make
up significant proportions of energy reserves
within grouse (Grammeltvedt 1978, Thomas and
Popko 1981, Thomas 1982).

To measure the importance of energy reserves
to survival, reproductive success, or other attri-
butes of fitness, it is necessary to know whether
high energy demands are met with endogenous
reserves (and if so, whether from fat, protein,
and/or glycogen) or from exogenous sources. The
importance of endogenous reserves can be eval-

! Received 8 September 1986. Final acceptance 27
August 1987.

Sage Grouse; carcass composition; Centrocercus urophasianus; Colorado; fat

uated in a general way by their relative size and
variability among seasons and individuals.

The objectives of this study were to assess the
extent, composition, age and sex variation, and
variation over winter of Sage Grouse (Centro-
cercus urophasianus) energy reserves.

METHODS

Sage Grouse were collected in North Park, Jack-
son County, Colorado. North Park is a large
(1,870 km?) intermountain basin that supports a
locally migratory population of Sage Grouse (Beck
1977). Physiographic and vegetative character-
istics of North Park have been described by Rob-
ertson et al. (1966), Smith (1966), Beck (1977),
and Emmons and Braun (1984). The climate of
North Park is cold, dry, and windy, with an av-
erage frost-free period of only 46 days (U.S. Dep.
Commerce 1979). All collections were made be-
tween January and April 1981 to 1982. Average
monthly temperatures during this period in 1981
and 1982 were —4.8, —4.7, —1.8,4.8,and — 7.1,
—-6.9, —1.8, and 0.4°C, respectively.

Sage Grouse were shot with a shotgun or .22
caliber rifle. Each bird was classified to sex by
internal examination and age following Eng
(1955) and Beck et al. (1975). Carcasses were
kept frozen until necropsied. Data were collected
on total body weight, and weight of liver, pec-
toralis, and supracoracoideus. Carcasses were
plucked, then the feet, outer portions of wings
(distal to radiale/ulnare), and the head were re-
moved and the digestive tract emptied prior to
homogenizing. Carcasses from birds collected in
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1981 were passed through a small hand-driven
meat grinder six to eight times. Two 100-g sub-
samples of each homogenized carcass were dried
at 80°C for 24 hr and ground to a fine powder in
a mortar and pestle. Kerr et al. (1982) found that
drying carcass samples at temperatures up to
120°C did not cause loss of fat. Fat was extracted
(6 hr) from duplicate 10-g samples of the dried
and crushed material in a Soxhlet apparatus with
diethyl anhydrous ether as solvent. Sample prep-
aration techniques were altered for birds col-
lected in 1982 to reduce sample preparation time
and increase precision of the technique. Car-
casses were ground while still partially frozen
with a large electric meat grinder seven times.
The entire homogenate was then dried at 75°C
for 24 hr in convection ovens. Dried samples
were ground in a Wiley Mill until they passed
through a 2-mm screen. Fat was extracted as in
1981. Petroleum and diethyl ether (separately)
were used as solvents on duplicate samples from
each bird. Ten replicate samples from one bird
were extracted to determine precision of this
method.

The analysis of variance procedure in the SPSS
(Nie et al. 1975) was used to test for significant
(P < 0.05) differences in fat content among sex
and age classes, and between years. Julian date
of collection was entered as a possible explana-
tory covariate. Changes in fat content within
winter were evaluated by comparing fat content
of birds collected in January and February to that
of birds collected in March and April using the
Mann-Whitney-Wilcoxon’s test (Gibbons 1985).

RESULTS

Petroleum ether extracted less (paired ¢-test, P <
0.001) fat than diethyl ether (3.6 vs. 4.0%, n =
21). Diethyl ether extract could be predicted from
petroleum ether extract ( = 0.934x + 0.678,
r2 = 0.98).

Fat content varied greatly among and within
sex and age classes of Sage Grouse, ranging from
0.8 to 8.4% of live weight (Tables 1, 2). This
variability reflects differences in fat reserves
among individuals, since fat extraction meth-
odology provided precise (¥ + SD of 10 repli-
cates = 2.85 x 0.018%) estimates of fat content.
Age and year of collection explained significant
amounts of variation, while sex and Julian date
of collection did not. Multiple classification anal-
ysis indicated that age accounted for approxi-
mately twice as much variability in fat content

as did year of collection. Adults had higher fat
content than yearlings (4.7 vs. 2.9%), and birds
collected in 1982 had more fat than birdsin 1981
(4.0 vs. 3.4%). Differences between years were
most pronounced in the yearling age class, par-
ticularly among males (Table 2). Changes in fat
content over winter were evaluated by compar-
ing fat levels of adults and yearlings collected
during early (January to February) and late
(March to April) winter of 1981 and 1982. There
were no differences (P > 0.05) in fat content
between early and late winter of either year for
adults or yearlings. Sexes were combined because
sex was not a significant factor in the variance
in fat content.

Information on the carcass composition of Sage
Grouse can be used to profile the extent and
composition of energy reserves during winter. To
convert the mass of fat, glycogen, and protein
into an estimate of energy reserves we assumed:
(1) complete oxidation of fat reserves; (2) catab-
olism of 49 and 45% of wet weight of pectoralis
and supracoracoideus with a DM of 26.4% which
is 100% protein, respectively; and (3) complete
oxidation of glycogen which comprises 0.43 and
0.38% of the wet weight of breast muscles and
liver, respectively (Thomas et al. 19795). Energy
from catabolism of leg muscles was not included.
Caloric equivalents of fat, protein, and glycogen
were assumed to be 9.3, 4.4, and 4.2 Kcal/g,
respectively (Dargolts 1973).

Average energy reserves of adults were larger
than those of yearlings, and males had larger
reserves than females within age classes (Fig. 1).
Because of the large variation in body size among
sex and age classes, it is more meaningful to com-
pare energy reserves relative to standard meta-
bolic rate (SMR) computed as SMR (Kcal/bird-
day) + 15.3 = 72.6 [body wt. (kg)**°%] (Zar 1968).
Energy reserves were 10.2,5.7, 7.6, and 5.9 times
SMR for adult and yearling males and adult and
yearling females, respectively (Fig. 1). Energy in
fat reserves comprised from 77 to 88% of total
energy reserves. Breast muscle protein contrib-
uted 15 to 22% to energy reserves and glycogen
from all sources only 0.4 to 0.8%.

DISCUSSION

Estimates of fat content derived using petroleum
and diethyl ether as solvents resulted in differ-
ences of 7 to 13% in estimated energy reserves.
Petroleum and diethyl ether extracted equal
amounts of fat from Snow Geese (Chen caeru-
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TABLE 1. Average weights (g) of selected Sage Grouse body components (= SE). Sample size is in parentheses.

Sex M. supra-

Age Total M. pectoralis coracoideus Liver Fat Carcass DM?*
Males
Adult 3,006 = 84 262.1 = 11.3 60.4 = 2.4 336 1.2 150.9 + 18.9 339+ 0.6
an an an (8 (10) (10
Yearling 2,370 £ 60 2441 £ 6.3 548 = 1.7 293+ 14 63.0 = 9.3 324 +£0.2
(14) (14) (14) (11) (13) (13)
Females
Adult 1,532 + 49 153.1 = 3.9 382+ 13 194 + 1.5 67.6 = 8.0 351+ 0.7
(10 (10) (10 (7 (10 (10)
Yearling 1,409 + 42 143.6 + 4.7 340 £ 1.4 208 £ 1.2 464 =+ 7.8 33305
9 © O g % )]

= Carcass dry matter expressed as a percentage.

lescens) carcasses (29.1 vs. 30.1%, Dobush et al.
1985). Examination of their data suggests that
significant differences could have been identified
using a more powerful test such as a paired
t-test.

Fat comprised 77 to 88% of estimated reserves
of Sage Grouse. Using the same assumptions on
data from Willow Ptarmigan (Lagopus lagopus)
(Thomas 1982), Ruffed Grouse (Bonasa umbel-
lus) (Thomas et al. 1975), and Rock Ptarmigan
(Lagopus mutus) (Thomas and Popko 1981), lip-
ids comprise 51, 52, and 67%, respectively, of
available energy reserves. Fat makes up a higher
percentage of reserves in Sage Grouse because
they have a relatively high percentage of body
fat and relatively small breast muscles (10 to 12%
of body weight vs. about 30% for Ruffed Grouse
and Rock and Willow ptarmigan).

Sage Grouse fat content as a percentage of live
weight is generally equal to or slightly higher than

values reported for Ruffed Grouse (2 to 3%,
Thomas et al. 1975), Rock Ptarmigan (3.7 to
4.0%, Thomas and Popko 1981), Willow Ptar-
migan (1.5 to 2.0%, Thomas 1982; 3.5 to 4.1%,
Brittas and Marcstrom 1982), and Eurasian
Black-Grouse, Lyrurus tetrix (1.1 to 2.6%, Ijas
etal. 1978), collected during winter. These values
are substantially lower than maximal values for
Spitzbergen Rock Ptarmigan, which store as much
as 32% of their body weight as fat prior to the
onset of the continuous winter night (Mortensen
et al. 1983).

Differences in fat content among adult and
yearling Sage Grouse probably reflect diversion
of excess dietary calories to growth, rather than
fat, in yearlings. Male Sage Grouse do not reach
maximum body size until 22 months of age and
increase from 80 to 88% of adult weight over
winter (Beck and Braun 1978).

The higher fat content of birds in 1982 is not

TABLE 2. Total body fat content of Sage Grouse collected in North Park, Colorado, January to April 1981 to

1982.
Total body fat (% live weight)
Males Females
Adult Yearling Adult Yearling
1981 1982 1981 1982 1981 1982 1981 1982
2.6 2.8 0.8 2.7 2.9 3.8 1.8 1.4
29 5.0 0.9 2.8 3.0 4.0 2.1 2.9
4.4 53 1.0 2.9 3.1 5.7 3.5 3.4
5.8 6.1 i.1 2.9 34 4.7 3.7
6.9 8.4 3.6 3.0 5.4 6.2
3.1 5.7
4.2 6.1
4.4
x 45 5.5 1.5 3.2 4.2 4.5 3.0 35
SE 0.8 0.9 0.5 0.2 0.5 0.6 0.7 0.8
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FIGURE |. Energy reserves and standard metabolic
rates (SMR) of Sage Grouse, North Park, Colorado.

readily explainable by obvious environmental
parameters. Average temperatures were warmer
in 1981 than in 1982. Snow cover could impede
access to food or increase search costs. However,
there was little (<10 cm) snow cover on 150 of
the 151 days from November to March, 1980 to
1981, but snow cover of this magnitude occurred
on 48 of these 151 days in 1981 to 1982. Dif-
ferences in fat content between years may be
related to environmental conditions prior to win-
ter.

Since Sage Grouse maintain or increase weight
(Beck and Braun 1978) and maintain fat content
over winter, caloric intake must be sufficient to
meet metabolic needs during this period. By con-
trast, food consumption of Spitzbergen ptarmi-
gan declined by 80% during winter; caloric def-
icits were made up by catabolism of large fat
reserves (Mortensen et al. 1983). The relatively
small energy reserves of Sage Grouse may buffer
short-term periods of low caloric intake or high
caloric expenditures such as during severe snow-
storms. Sage Grouse energy reserves may be most
important during breeding and nesting activities,
periods of high energy demands, weight loss (Beck
and Braun 1978), and presumably low food in-
take. Beck and Braun (1978) reported weight
losses over the display period of 153 and 64 g
for adult and yearling male Sage Grouse, re-
spectively. This compares well with average fat

contents of 151 and 63 g, respectively, for adult
and yearling males (Table 1). The low fat content
of yearling males may explain their infrequent
lek attendance and subdued display activity (Wi-
ley 1974, Emmons and Braun 1984). Energy def-
icits in females would presumably be greatest
during egg laying and incubation.

Variation in fat content within sex and age
classes appears to be large (Table 2). If fat re-
serves in Sage Grouse are used as energy sources
during display or egg laying/incubation, then the
ability of individuals with lower fat levels to
complete these activities is questioned. Future
research should concentrate on quantifying the
energetic costs of these activities and describing
the relationship between energy reserves and per-
formance.

These findings are meaningful only if the as-
sumptions used are realistic. Two assumptions
are critical and are also somewhat subjective: (1)
complete use of fat reserves, and (2) catabolism
of 49 and 45% of the pectoralis and supracora-
coideus, respectively. These assumptions were
derived from data obtained on three Sage Grouse
held in captivity for other studies. All three birds
refused food for 2 days after capture and lost
weight rapidly. Food consumption then began
and increased slowly while rate of weight loss
declined and then stabilized. A yearling female
died 14 days after capture after losing 42% of her
initial weight. The other birds were released in
apparent good condition after 26 and 22 days in
captivity and weight losses of 34 and 23%, re-
spectively. The starved bird contained only 2 g
of fat (0.3% of live weight); this is not a mean-
ingful deviation from the first assumption. These
data suggest that allowable body weight losses
for Sage Grouse may be as much as 34% in ex-
treme situations, but are less than 42%. Willow
Ptarmigan died after weight losses of 35 to 45%
after being starved for 8 to 12 days (Gjerstad and
Hanssen 1984). A reasonable value for a ceiling
on weight loss thus appears to be about 35%. The
corresponding weight change in breast muscles
given 35% body loss was estimated by comparing
muscle weights of the starved grouse (42% weight
loss) to muscle weights of two birds of compa-
rable initial size and correcting to 35% weight
loss. These values, 49 and 45% for pectoralis and
supracoracoideus, respectively, compare well to
the 25 and 19% weight loss of these muscles in
Willow Ptarmigan at 20% total body loss (Gram-
meltvedt 1978).
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