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Abstract. Food habits, diet quality, carcass fat, and reproductive condition of 63 Ruffed 
Grouse (Bonasa umbellus) collected in southwestern Virginia during March and April 1982- 
1984 were determined. Acorns (Quercus spp.) made up 60% of the crop contents of 22 
grouse collected in 1982, the spring following a year of high acorn production. Leaves of 
herbaceous plants and buds of deciduous plants were the primary forages of 41 grouse 
collected in spring 1983 and 1984. Metabolizable energy estimates for grouse diets ranged 
from 50-64% and 2.30-2.68 kcal/g of dry matter, and dietary protein ranged from 14.6- 
17.4%. Fat levels of grouse were greater (P < 0.05) in March than April, and females had 
more (P < 0.05) fat than males. Fat levels did not differ (P > 0.05) among years; however, 
fat levels of females tended to be greatest in 1982 when acorns were the primary food used. 
Mean ovary and oviduct weights and paired testes weights increased (P < 0.05) from March 
to April suggesting that concurrent declines in fat reserves were related to increased repro- 
ductive activity. 

Key words: Carcass fat; metabolizable energy: dietary protein; Ru#ed Grouse; spring 
nutrition. 

INTRODUCTION 

Except for limited study of food habits, Ruffed 
Grouse nutritional ecology during the breeding 
season is poorly documented. In the southeastern 
United States, information on grouse food habits 
and body condition during the breeding and egg- 
laying period is limited to data from nine grouse 
collected in April in southwestern Virginia (Nor- 
man and Kirkpatrick 1984). Studies have shown 
that nutrition before and during the breeding sea- 
son can have a significant effect on reproduction 
of captive grouse (Beckerton and Middleton 1982, 
1983). The objective of the present study was to 
determine the interrelationships among food 
habits, diet quality, and carcass fat of Ruffed 
Grouse during the early part of the breeding pe- 
riod in Virginia. 

METHODS 

Body and organ measurements and crop contents 
were obtained from 63 Ruffed Grouse (39 fe- 
males, 24 males) collected during 1982-1984 in 

’ Received 15 February 1988. Final acceptance 16 
May 1988. 

2 Present address: University of Kentucky, Depart- 
ment of Forestry, Thomas Poe Cooper Building, Lex- 
ington, KY 40546-0073. 

the Jefferson National Forest in Giles and Craig 
counties, Virginia. This area lies within the Ridge 
and Valley Province of the Appalachian hard- 
wood subregion (Smith and Linnartz 1980). El- 
evations in the study area range from approxi- 
mately 600 to 1,200 m. Mixed oak (Quercus spp.) 
hardwoods are the predominant forest cover and 
even-age forest management is most common. 

A minimum of 20 Ruffed Grouse was collected 
in the late winter or early spring each year (we 
attempted to collect 10 during 15-3 1 March and 
10 during 15-30 April). Grouse were collected 
by driving forest roads and shooting from ve- 
hicles. Following collection, crop contents were 
removed and frozen, and crop-free body weight 
was measured. Grouse were frozen until later 
laboratory analysis. Reproductive and digestive 
tracts were removed, and carcass fat was mea- 
sured by diethyl ether extraction as described by 
Serve110 and Kirkpatrick (1987a). Fat levels were 
calculated as the percent fat in dry carcass weight 
(carcass fat), and as a lipid index ([g fat/g fat-free 
carcass weight] x 100). Ovaries, oviducts, and 
paired testes were weighed after lightly blotting 
surface moisture. In two instances, testes were 
damaged by shot and could not be weighed. Mac- 
roscopic counts were made of the number of ovu- 
lated follicles and follicles >4 mm in diameter. 
Age was not determined because of the lack of 
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an accurate aging technique for Ruffed Grouse 
in the spring. 

Crop contents were oven-dried at 50°C for 24 
hr and then separated into eight forage classes: 
hard fruits, soft fruits, leaves and flowers of her- 
baceous plants, ferns, leaves of deciduous woody 
plants, leaves of evergreen woody plants, buds 
and twigs, and animal matter. Grit was found in 
only small amounts and was excluded from the 
food habits analysis and crop contents dry weight. 
The dry weight of each forage class in each crop 
was measured. The most common forage species 
in each year’s sample were identified and their 
percent occurrence by dry weight in the crop was 
visually estimated as described by Servello (1985). 
Annual percentages of forage classes and species 
in the crops were calculated by the aggregate vol- 
ume method (Martin et al. 1946) except dry 
weight was used. 

Individual crop contents were recombined and 
ground to pass a 1 -mm screen. Contents of each 
crop were analyzed for percent neutral detergent 
solubles (NDS) (Goering and Van Soest 1970) 
except that sodium sulfite was not used (Mould 
and Robbins 198 1). Amylase treatment was used 
as described by Robertson and Van Soest (1977). 
Percent total phenols were measured colorimet- 
rically using gallic acid as a standard (Singleton 
and Rossi 1965) after a 3-day extraction in a 
acetone/water solution (70:30). Gross energy (GE) 
was measured with a Parr adiabatic bomb cal- 
orimeter. Percent nitrogen was measured by the 
Virginia Polytechnic Institute and State Univer- 
sity Agronomy Laboratory with a Technicon au- 
toanalyzer after digestion in concentrated sul- 
furic acid at 450°C. Crude protein was calculated 
as percent nitrogen x 6.25. When there was in- 
sufficient crop material for all analyses, priority 
was assigned in the following order: NDS, phe- 
nols, GE, crude protein. 

The percent metabolizable energy (ME) of each 
crop was calculated from the NDS, total phenols, 
and the percentage of acorns in the crop contents 
using the following equation (Servello et al. 1987): 

order that food habits and nutritional quality 
data would be directly comparable. A protein- 
energy ratio (g protein per 100 kcal ME) for the 
crop contents was calculated for each year or 
month using the aggregate protein and ME (kcal/ 
g) values. 

Sex, month, and year differences in percent 
carcass fat and lipid index were tested by three- 
way analysis of variance (ANOVA) using the Sta- 
tistical Analysis System (Ray et al. 1982). Month 
and year differences in reproductive measure- 
ments were tested by two-way ANOVA. Ovarian 
weight data were transformed to log values for 
ANOVA to equalize variances, but unweighted 
means are presented in tables. Specific differ- 
ences among years were examined with Tukey’s 
multiple range test with the Kramer modification 
for unequal sample sizes (Ray et al. 1982). One 
grouse collected in 198 3 was considered an out- 
lier and was not used for nutritional and con- 
dition analyses. This bird’s crop contained 14 g 
of acorns, more than seven times the average 
weight for 1983, a year when acorns were rare 
in crops. The aggregate method of reporting food 
habits gives biased results when a large amount 
of a single foodstuff is found in just one or a few 
samples (Swanson et al. 1974). 

RESULTS 

REPRODUCTIVE ORGAN MEASUREMENTS 

Oviduct (P = 0.001) ovary (P = 0.001) and 
paired testes (P = 0.04) weights were greater in 
April than in March (Table 1). Only oviduct 
weight was different (P = 0.01) among years. 
Tukey’s multiple range test indicated that ovi- 
duct weight was greater (P < 0.05) in 1982 than 
1983. As expected from changes in ovarian 
weights, follicle counts increased from March to 
April. Two of 10 females collected in March 1982 
had ovulated follicles. By late April, all but one 
female had initiated egg laying in 1982 and 1983, 
but in 1984, five of seven had not ovulated. 

CARCASS FAT 
ME = 0.87(NDS - phenols) + 

0.18(% acorn meat) - 5.76 
Carcass fat and lipid index were greater (P = 
0.00 1) for females than males, greater (P 5 0.0 11) 

The predicted ME per gram of forage dry matter in March than April, but did not differ (P > 0.20) 
was calculated from % ME and GE (kcal/g). among years (Table 2). Body weight was not dif- 

Monthly values of ME (% and kcal/g), total ferent among years (P = 0.80), between months 
phenols, and crude protein were expressed as (P = 0.15) or between sexes (P = 0.54) (Table 
percentages or kcal/g of the aggregate total crop 2). However, there was a month x sex interac- 
content dry weights for each year or month in tion (P = 0.001). Females tended to gain weight 
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TABLE 1. Gonadal and oviduct weights and follicular data for Ruffed Grouse collected in March-April 1982- 
1984 in Craig and Giles counties, Virginia. 

Number of ovarian Number 
Paired testes follicles females 

Ovarian weight” Oviduct weight*,” weight* >4 mm Ovulated with 
ovulated 

n 1 SE n x SE n 1 SE n + SE R SE follicles 

1982 
March 10 0.5 0.1 10 1.8 0.4 2 0.5 0.2 10 0.7 0.3 0.2 0.1 2 
April 7 9.7 2.5 7 11.4 0.5 3 1.2 0.3 7 3.6 0.8 2.6 0.5 7 

1983 
March 3 0.3 0.1 3 0.9 0.6 7 0.7 0.1 3 0 0 
April 9 6.6 1.6 9 9.8 0.3 2 1.3 0.1 9 2.6 0.6 i.7 0.5 8 

1984 
March 3 0.2 0.05 3 0.5 0.2 5 0.9 0.3 3 0 0 0 
April 7 5.8 2.2 7 9.4 0.7 3 1.0 0.2 7 3.0 0.8 0.6 0.4 2 

p Means different between months (P < 0.05). 
b Means different among years (P i 0.05). Oviduct weight was greater (P < 0.05) in 1982 than 1983 (Tukey’s multiple range test). 

from March to April, whereas males tended to leaves, or buds and twigs (Table 3). Other forage 
lose weight. classes occurred in lesser amounts (< 7%). Hard 

FOOD HABITS AND DIET QUALITY 
fruits were found in 13 of 22 crops and made up 
63% of the diet in 1982, but were found in small 

Mean dry weight k SE of the crop contents was amounts in only three crops in 1983 and three 
3.4 k 0.8 g in 1982, 2.4 k 0.9 g in 1983, and crops in 1984. Acorn meat made up >94% of 
2.2 f 0.6 g in 1984. Crop contents were com- the hard fruit found in crops (Serve110 1985). 
posed primarily of either hard fruits, herbaceous Herbaceous leaves and flowers were the most 

TABLE 2. Carcass fat (o/o), lipid index [(g fat/g fat-free carcass weight) x 1001, and crop-free body weight (g) 
of Ruffed Grouse collected in March and April 1982-l 984 in Giles and Craig counties, Virginia. 

March 1982 
Females 
Males 

April 1982 

Females 
Males 

March 1983 

Females 
Males 

April 1983 

Females 
Males 

March 1984 

Females 
Males 

April 1984 

Females 
Males 

n 

10 
2 

7 
3 

3 
6 

9 
2 

3 
7 

7 
3 

Carcass fat (o/o)..” Lipid inde@ Body weight (9)’ 
.z SE 1 SE R SE 

22.4 1.3 29.2 2.2 627 12 
10.7 4.9 12.3 6.2 660 15 

18.3 1.2 22.6 1.8 677 15 
5.6 1.5 6.0 1.7 597 25 

16.0 7.0 20.8 10.7 616 43 
11.3 1.5 13.0 2.0 597 45 

14.8 2.1 17.0 632 10 
2.4 0.5 2.5 t?:: 615 49 

20.0 4.4 25.9 7.0 618 36 
7.8 1.9 8.8 2.4 660 29 

13.8 3.5 17.3 5.2 640 10 
2.6 0.5 2.7 0.5 617 6 

B Means different between sexes, P = 0.00 I. 
b Means different between months, P 5 0.0 I 1. 
r Math x sex interaction, P = 0.001. 
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TABLE 3. Frequency of occurrence (number of crops) and percent dry weight of foods from crops of Ruffed 
Grouse collected in March and April 1982-1984 in Craig and Giles counties, Virginia. 

Forage class 

1982 1983 
(n = 22) (n = 20) 

Frequency Frequency 
OCC”TRlWS % dry waght Occllrrence % dry weight 

1984 
(n = 20) 

Frequency 
cxc~rrence % dry weight 

Hard fruit 
Soft fruit 
Herbaceous leaves 

and flowers 
Ferns 
Deciduous leaves 
Evergreen leaves 
Buds and twigs 
Animal matter 

13 63 3 3 4 
4 2 0 5 5 

19 16 18 51 16 60 
9 4 2 4 2 
7 4 5 2 5 4 
4 2 : 3 ; 7 

10 6 32 19 
3 2 1 t= 0 0 

a t = trace (<0.5%). 

common forages in crops in all years (occurred 
in > 75% of the crops). Plowers of coltsfoot (Tus- 
silago farfara) made up 22% and 20% of the crop 
contents in 1983 and 1984, respectively, and was 
the most common herbaceous leaf forage in crops 
(Serve110 1985). Buds and twigs were used the 
least in 1982 when acorns were abundant. Buds 
found in crops were typically swelled or partially 
open with emerging leaves. 

Total phenols in crop contents varied from 
6.7% in 1982 to 3.5% in 1984 (Table 4). Gross 
energy was lowest but ME was highest in 1982, 
the year that acorns were the most common in 
the crop contents. Metabolizable energy levels 
were 60% and 2.68 kcal/g in 1982, but only SO- 
53%and2.30-2.32 kcal/gin 1983-1984. Protein 
levels in crop contents varied from 14.6% in 1982 
to 17.4% in both 1983 and 1984. 

DISCUSSION 

REPRODUCTIVE ORGAN MEASUREMENTS 

Based on reproductive organ measurements, 
nearly all female and most male Ruffed Grouse 
were in prebreeding condition in March and were 
in the midst of breeding activities during the late 
April collection period. Some males had large 
testes in March suggesting that males begin re- 
productive related changes earlier than females. 

CARCASS FAT 

The decrease in fat from March to April for both 
sexes was probably directly related to breeding 
activities. Development of reproductive organs 
and initial egg laying may have utilized some fat 
reserves. Male grouse may spend an increasing 
amount of time in breeding activities and terri- 

torial defense at the expense of foraging as the 
breeding season progresses. 

Similar patterns of fat depletion have been ob- 
served in ducks (Anatidae). Mallards (Anus 
platyrhynchos), Wood Ducks (Aix sponsa), and 
Ring-necked Ducks (Aythya collaris) lose fat dur- 
ing ovarian follicular growth and egg laying (Kra- 
pu 1981, Drobney 1982, Hohman 1986) and 
reduced feeding and fat reserves have been ob- 
served in male Ring-necked Ducks attending 
mates (Hohman 1986). 

Male grouse consistently had lower carcass fat 
levels than females in the spring. Fat levels of 
males in the present study were similar to low 
levels previously reported for spring-collected 
males in Virginia (Norman and Kirkpatrick 1984) 
and Ontario, Canada (Thomas et al. 1975). How- 
ever, in March, mean carcass fat levels of females 
(16.0-22.4%) were as high or higher than fall and 
midwinter levels reported in other studies of 
southeastern grouse populations (Norman and 
Kirkpatrick 1984, Serve110 and Kirkpatrick 
1987a) suggesting that female Ruffed Grouse are 
capable of increasing fat reserves in the early 
spring just prior to breeding if sufficient food is 
available. Increases in fat reserves just prior to 
egg laying have been documented in Wood Ducks 
and Mallards (Krapu 198 1, Drobney 1982). 

There may be regional or annual variation in 
fat levels of prebreeding and breeding Ruffed 
Grouse. In the present study, mean percent car- 
cass fat levels of females in all years and both 
months (11.3-22.4%) were greater than the mean 
fat level (4.8%) ofthree females collected in spring 
by Norman and Kirkpatrick (1984). Moreover, 
these fat levels were nearly two times greater than 
the fat content of females collected in Ontario, 
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TABLE 4. Neutral detergent solubles (NDS), total phenols, gross energy (GE), metabolizable energy (ME), 
crude protein, and protein-nergy ratios (P/E) of foods from crops of Ruffed Grouse collected in March and 
April 1982-l 984 in Craig and Giles counties, Virginia. 

1982 1983 1984 

n Vallle n Vallle n Vallle 

NDS (%) 
Total phenols (O/o) 
GE (kcal/g) 
ME (%) 
ME (kcal/g) 
Protein (O/o) 
P/E (g protein/ 100 

kcal MEP 

20 74.3 16 70.5 19 66.8 
20 6.7 16 4.1 19 3.5 
18 4.21 11 4.42 17 4.49 
20 64 16 53 19 50 
18 2.68 11 2.32 17 2.30 
15 14.6 9 17.4 14 17.4 

5.45 6.07 7.57 
a Calculated from mean ME (kcal/g) and mean protein (%) values. 

Canada in March, April, and May (Thomas et 
al. 1975). Although no statistical differences in 
carcass fat indices were found among years in 
the present study, there was some evidence that 
annual differences existed. All 17 females col- 
lected in March and April 1982 had carcass fat 
~13.8% (15 females had carcass fat ?17%), 
whereas in 1983, four of 12 females had fat levels 
~7.6%, and in 1984, four of 10 females had fat 
levels ~8.3%. Seven of the eight females with 
low fat levels were collected in April 1983 or 
1984. High fat levels in spring 1982 were likely 
the result of the high use of acorns by grouse 
during the preceding months. In typical years, 
the late winter diet of grouse in the southeast 
contains large amounts of low quality evergreen 
leaves (Serve110 and Kirkpatrick 1987b). 

Body weight has been shown to have little use- 
fulness as an index of carcass fat in grouse in 
either the fall or spring (Serve110 and Kirkpatrick 
1987a). In the present study, trends in mean body 
weights did not follow trends in mean fat levels 
due largely to concomitant and offsetting changes 
in fat and reproductive organ weights in spring. 

FOOD HABITS AND DIET QUALITY 

The use of leaves of herbaceous plants, and buds 
with emerging deciduous leaves by Ruffed Grouse 
in the southeast, differs from the spring food hab- 
its of grouse in northern areas where catkins of 
aspens (Populus spp.) have been reported the pri- 
mary spring forages (Vanderschaegan 1970). As- 
pen is rare in the predominantly oak forests of 
the southeastern United States, and, therefore, 
not available as a food resource. Arboreal feeding 
by grouse in the present study was limited pri- 
marily to use of buds with emerging leaves; how- 

ever, these buds and leaves may have been taken 
from the ground. 

The fall of 198 1 was an exceptional year for 
hard mast production. Acorn production in the 
Jefferson National Forest was the highest re- 
corded in 32 years (Virginia Commission of Game 
and Inland Fisheries 1982). The high occurrence 
of acorns in the crop contents in 1982 demon- 
strates that in years of high hard mast produc- 
tion, acorns can constitute a substantial part of 
the late winter and early spring diet of grouse. 

When acorns were not abundant in the crops, 
the spring diet of Ruffed Grouse had approxi- 
mately 2.3 kcal/g ME (% ME = 50-53) and 17.4% 
protein. Protein levels of spring diets in the pres- 
ent study were approximately 1.5-2 times greater 
than these of fall and winter diets in Virginia 
(Serve110 and Kirkpatrick 1987b). Higher protein 
levels in spring diets were probably the result of 
the use of herbaceous plants (Serve110 and Kirk- 
patrick 1987b) and swelled buds and newly 
emerging deciduous leaves that are high in pro- 
tein. Dietary ME (64%, 2.68 kcal/g) in 1982 was 
nearly 20% higher than in 1983-l 984 crops with- 
out acorns. Therefore, ME was substantially in- 
creased when acorns were the major part of the 
diet. Herbaceous leaves have a high ME content 
compared to the evergreen leaves used for late 
winter food by grouse in Virginia (Serve110 and 
Kirkpatrick 1987b), suggesting that an abun- 
dance of herbaceous leaves in spring may have 
been the energy source for high fat levels ob- 
served in 1983-1984. 

Beckerton and Middleton (1982) found that, 
in diets containing 3.1-3.5 kcal ME/g, 2 1% pro- 
tein resulted in the largest clutch size, egg weight, 
and greatest egg hatchability for captive Ruffed 
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Grouse in Ontario, Canada. The adequacy of a 
diet containing 2.3 kcal ME/g and 17.4% protein 
for grouse reproduction is unknown. Beckerton 
and Middleton (1982) tested a 17% protein diet, 
but it contained 3.30 kcal of ME, nearly 1.5 times 
higher than the natural spring diet of Ruffed 
Grouse in Virginia (2.3 kcal ME) making a direct 
comparison of protein levels questionable. How- 
ever, 2.3 kcal ME and 18% protein is adequate 
for domestic turkey reproduction (Menge et al. 
1979) and 2.6 kcal ME and 15-16.5% protein 
meets requirements of laying white leghorn 
chickens (Scott et al. 1982, p. 94). The lower ME 
in spring diets ofwild grouse in Virginia probably 
would lower the level of dietary protein (< 2 1%) 
required to maintain protein intake because 
grouse would presumably eat more of a low ME 
food and, thus, acquire more total protein (Scott 
et al. 1982, p. 82). The P/E ratio of 7.5 found in 
the present study was nearly 1.5 times higher 
than the P/E ratio of the 2 1% protein diet in the 
study by Beckerton and Middleton (1982) that 
resulted in the greatest reproductive rate in fe- 
male Ruffed Grouse in the laboratory. Therefore, 
assuming that wild grouse from Virginia could 
find sufficient amounts of food to meet their ME 
requirements, protein levels in 1983 and 1984 
appeared to be satisfactory for reproduction. 

Tannin phenols in forages may reduce protein 
digestibility for grouse (McLeod 1974). Total 
phenol levels in crop contents were low in 1983 
and 1984 probably because phenolics are not 
common in herbaceous annuals or abundant in 
new growth (Rhoades and Cates 1976). Protein 
digestibility could have been reduced in 1982 
when acorns formed 60% of the diet because high 
levels of tannins have been found in acorns of 
some oak species (Ofcarcik and Burns 197 1, Ser- 
vello 1985) and, in fact, total phenols were rel- 
atively high in that year. 

The spring diet of Ruffed Grouse in south- 
western Virginia appears nutritionally adequate 
for reproduction. However, the ability of forest 
habitats in the southeast to supply sufficient 
amounts of high quality food during the early 
breeding period may be an important factor de- 
termining grouse distribution and abundance. 
Because the primary spring forage of northern 
grouse populations (aspen catkins) is found on 
trees, adequate food supplies may be more evenly 
distributed in northern forested habitats than are 
the herbaceous forbs used by grouse in the pres- 
ent study. Abundant growth of high quality her- 

baceous forbs in Virginia forests may be limited 
to recently disturbed sites or areas with main- 
tained openings (Servello 1985). An abundance 
of herbaceous forbs in March may be important 
for increasing fat reserves of female grouse prior 
to nesting and providing protein for reproductive 
needs. Food availability in southeastern forests 
during the breeding season of Ruffed Grouse 
needs investigation. 
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