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(ABSTRACT) 

Three experiments with captive ruffed grouse (Bona§!s.· 

umbellus)·d~inonstratecl that dietary metabolizable energy 

(ME) can be predicted from neutral detergent solubles, total 

phenols, and percent acorns. of grouse diets.. The weight of 

the fat· attached to the gizzard YJ'aS highly correlated With. 

percent carcase fat in82 grouse and was judged a useful 

index of body condition. 
. . 

Crop contents of 1005 grouse c·ollected during fall ·and 

winter 1981-84 in Maine, New York, Wisconsin, Washington, 

Virginia, West Virgin~a, Indiana, Ohio,.North Carolina, and 

Georgiawere used to make. regional comparisons of food· 

· habits and diet ·quality. ·The ME of crop contents was 

predicted from chemical composition. Everg:reen leaves of 

woody piants were the most common late winter forages of 

grouse in .southeastern states, whereas buds, twigs, and 

catkins were the mo.st common. late fall and winter forages in 
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diets of grouse in northern states. Winter diets in the 

Southeast tended· to have higher levels of predicted ME than 

diets in the North; however, southeastern diets tended to 

have higher levels of total phenols and lower levels.of 

protein than typical northern diets. Evergreen leaf forages 

had higher levels of tannin phenols than buds, twigs, and 

catkins. Dietary ME appeared adequate in both the North and 

the Southeast, but low levels of protein and high levels of 

tannins may result in poorer quality winter diets along the 

southeastern ectge of the range of the ruffed grouse. 

Acorns comprised 63% of the crop contents of 22 grouse 

collected in Virginia in March and April 1982, the spring 

following a year of high acorn production. Leaves anct 

flowers of herbaceous forbs were the pr1mary forages of _41 

grouse collected in spring 1983 and 1984. Body fat levels 

were greater for females than males and declined: from March 

to April. Fat declines appeared to be related to breeding 

activities. 

Evergreen leaves were the most abundant forages 

available to grouse in late winter on a study site in 

southwestern Virginia. Biomass of high quality herbaceous. 

leaves-was insufficient to meet estimated energy 

requirements of grouse in late winter, indicating a need for 

a dietary shift to low quality evergreen leaves. 
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INTRODUCTION 

The southeastern edge of the range of the· ruffed grouse 

extends along the Appalachian Mountains into Georgia, North 

Carolina, Virginia, and 'l'ennessee. Grouse·are not as 

abundant in this region as in the northern U.S. and Canada 

(Bump et al. 1947). Ruffed grouse ecology in the sou.therri · 

Appalachian )fountains has not .been extensively studied. 

Other.than food habits studies, the few studies done in the 

Southeast have been on spring and summer habitat use (Harris 

1981, Hale et al. 1982), fall and.winter habitat use and 

survival of grouse transplanted from Wisconsin.to Tennessee 

(White and Dimmick 1978,.Gudlin and Dimmick 1984), and 
' seasonal chan:ge,s in body condition and diet quality (Norman 

and Kirkpatrick 1984). Also, Weber and Barick {1963) 

reported on eleven years of census data i.n North Carolina. 

Factors thC!;t may be responsible for the lower 

population densities of grouse in the Southeast have not 

been.identified, altl'lough low recruitmel'lt in southern states 

has been noted {Davis et al. 1973, Harris 1981 :109} and may 

be a contributing factor. Fall and winter food habits of 

ruffed grouse i.· n the Southeast have received considerable 
( 

study (see review in Chapter 3) a:nd are known to differ 

markedl:y" from the food habit~ of grouse from northern 

regions. Grouse.in northern areas feed primarily on buds,. 

1 
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twigs, and catkins of trees i?l winter., whereas grouse in the 

Southeast feed primarily on leaves of shrubs, vines, and 

herbaceous plants. The nutritional significance of this 

regional difference in food habits is unknown because little 

is known about the nutritional quality of these forages. 

Regional differences in food habits likely occur during 

the spring season also. Gullion (1970) stated that the 

availability of staminate flower buds of quaking aspen 

(Populus tremuloides) and bigtooth aspen (Populus. 

grandidentata) largely determines the distribution of · 

breeding grouse in Minnesota. The food habits of ruffed 

grouse in the Southeast during the breeding season are not 

well documented, but aspen is relatively i .. uicqmmon in the 

southern Appalachians. Food habits data for nine grouse 

collected in April in Virg:i.nia (Norman and Kirkpatrick 1984) 

are the only published information for the Southeast.·· These 

grouse primarily fed on leaves.of woody and herbaceous 

plants. More detailed study of the food habits of grouse in 

the spring season is needed. 

Lower population levels of .grouse in the Southeast may 

be related to regional dif'ferenc:::es in food habits, diet 

quality and/or food abundance. The present study was 

undertaken to gain a better understanding of the nutritional 

ecology of ruffed grouse in the Southeast during the fall, 
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winter, and spring seasons and to compare the nutritional 

quality of diets of the ruffed grouse from southeastern and 

northern parts of its range. The development of techniques 

for measuring body condition and dietary metabolizable 

energy of ruffed grouse was a major part of the study. 

Specific objectives of the study were 

1. to develop an equation for predicting the rnetabolizable 

energy in forages of ruffed grouse from forage chemical 

composition, 

2. to evaluate wing fat and gizzard fat as indices of 

carcass fat in ruffed grouse, 

3. to determine the relationships between food habits and 

-the metabolizable energy, crude protein, and total 

phenols in the diet of ruffed grouse, 

4. to determine the regional variation in the metabolizable 

energy, crude protein, and total phenol levels of the 

fall and winter diets of ruffed grouse, 

5. to determine levels of tannin phenols in selected winter 

forages of ruffed grouse, 

6. to determine the interrelationships among food habits, 

diet quality, and carcass fat levels of ruffed grouse 

during the early part of the breeding season in 

southwestern Virginia, and 
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7. to measure forage and cover availability and habitat use 

in fall and winter for a ruffed g.rouse population in 

southwestern Vir,ginia. 
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CHAPTER 1 

PREDICTING THE METABOLIZABLE ENERGY IN THE DIET OF RUFFED 
GROUSE FROM VANSOEST AND TOTAL PHENOL.ANALYSES 

Ruffed grouse food habits are well documented (Brown 

1946, Bump et. al. 1947, Korschgen 1966, Phillips 1967, 

Svoboda and Gullion 1972, Woehr and Chambers 1975, Smith 

1977, Stafford and Dimmick 1979, Seehorn et al. 1981), but 

the relationships between fo.od habits and diet quality are 

still largely unknown. Progress has been slow because of 

the lack of accurate; efficient, arid tested methods for 

measuring the metabolizable energy (ME) in the natural diet 

of ruffed grouse. Studying all forages individually in 

conventional metabolism trials is impractical because of the 

varied.diet of grouse. Jn addition, one-time measurements 

of forage quality from metabolism trials would not account 

for variation in quality among seasons, years, or locations. 

Predicting the metabolizable energy of forages of 

ruffed grouse from forage chemical composition is a 

promising alternative. Large numbers of forages could be 

studied much more effi.ciently using this method. Also, crop 

contents could be chemically analyzed to study the ME of the 
. . . 

diet of grouse, which eliminates the bias between 

hand-picked fotages and forages selected by wild birds. 

5 



The Van Soest method of forage chemical analysis 

(Goering and Van Soest i970) has proven to be reliable for.· 

predicting forage digestion in ruminant and monogastric 

species (Van Soest 1967, Moul.c;i and Robbins 1982, Servello et 

al. 1983, MacPherson et al. 1985). The objective of the 

present study was to determine the relationship between 

forage chemical composition as measured by the Van Soest 

method and forage ME for ruffed grouse and to develop a 

predictive equation for estimating ME based upon this 

relationship. 

High levels of phenolic compounds in forages may 

complicate prediction of fa.rage digestion when using the Van 

Soest analysis.(Mould and Robbins198la, 1982). Depending 

on their size and structure, phenols, which include the more 

commonly known tannins, may interfere with digestive enzymes 

and nutrient absorption processes and reduce protein 

digestibility by forming strong complexes with plant 

proteins (McLeod 1974, Mould and Robbins 198lb). Simple 

phenols and portions of hydrolyzable tannins may be absorbed 

through the gut wall. However, the absorbed phenols require 

detoxification and can cause liver and kidney disorders 

(McLeod 1974). In ~eneral, phenols have a negative effect 

on forage quality and digestion. However, in the Van Soest 

analysis, phenols are extracted as part of the theoretically 
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highly digestible neutral detergent soluble fraction. 

Therefore, the influence of phenolic compounds on prediction 

of forage ME in ruffed grouse also was determined. 

Storage and drying treatments can influence measured 

chemical constituents of forages, especially highly reactive 

phenols (Mould and Robbins 1981a). The effects of a number 

of commonly used storage and drying treatments on prediction 

of forage ME also were examined in the present study. 

METHODS 

Experiment 1. Initial Metabolism Trials 

The ME (%) in 14 diets fed to captive ruffed grouse was 

determined in metabolism trials by the total collection 

method. Six male and two female ruffed grouse, 2-4 years 

old, were used in these trials. All birds were raised from 

eggs collected from wild grouse in Virginia or West 

Virginia. Grouse were kept in outdoor enclosures and 

maintained on ahigh fiber diet (31% neutral detergent 

fiber) consisting of a 50:50 mix of Purina Gamebird Chow and 

Purina Horse Chow-100 for at least 3 months prior to the 

trials. 

Mixed diets composed of commercial feeds and natural 

forages were used in metabolism trials because of 

difficulties encountered in feeding single forage diets. 

Six diets fed in fall trials (20 Sep-20 Nov 1982) consisted 
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. . . . . . . .· . . . . . . .~ . 

. . . . ··. ' :·.·· . . . . . ·." .. .. 

.of mixtures of 58% of elther gam~bird chow or ho.rse chow and· 

40% of one of six_.dried '.ind ground (2rnm-)natura.l forages of 
. . ., . 

ruffed grouse: cinquefoil· (Potentiila spp.) leaves, 

strawberry (Fragaria spp.) leavesi autumn olive (Elaeagnus 

urnbellata) fruit, qtiaking aspen (Populus tremuloides) 
. . / . 

" . . ·. 

leaves, grape (Vi tis spp.J fruit; or black .chokebe.rry .(Pyrus 

melanocarpa) fruit .. Gamebird chow and horse chow.also were 

fed as two additional diets. All diets· contained 2% corn · 

oil to improve palatability. 

Six diets fed during .winter trials(lO .Jan-12 Mar 1982) 
' ' 

consisted of 48% of. either·qamebird chow or horse chow and. 

50% of 1 of 6 dried and ground (2rnrrt) winter forages: 

quaking aspen flot,fer buds,. yellow bi.rch .. (Betula 
. .· .. · .... 

alleghaniensis) buds,.· m¢untai; laurel (Kalmia. latifolia) 

leaves, apple· (Malus spp.) buds, Christmas< fern ~Poly~tichum 
.· .. · acrostichoicles) fronds;, and black oak. (Quercus v,elutina) 

fruit, Gamebird and bo+se chow again were fed as additional 

diets, and all diets .contained 2% corn oil.. Strawberry 

leaves; aspen buds, choke.berry fruit,. and birch buds all 
. . . : . ·. :· .. . . .. 

were collected in New York~ Ali otheJ: forages were 

collected in Virgini.a. All forages were oven~dried (50 C) ·.· 

prior i;o grinding ex:cept for le~ve.s or fro'nds 'of cinql.lefoil, 
;· :'·. : . ..... .\· .: . : . .. . ,' · ... ' .: . . 

' ' 

. strawberry, laurel_, Christmas fern, and aspen; ·which were 
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The metabolism trials for the eight diets fed during 

each of the fall and winter experiments were conducted in 

two 4x4 Latin square designs with each Latin square having 

four diets, four grouse, and four time periods. Each 

metabolism trial consisted of a 6~day acclimation period and 

a 4-day collection period. The test diet was fed as.50% of 

the diet for the first 3 days of the a.cclimation period and 

as 100% of the diet for the.second 3 days. Uneaten food and 

feces were collected daily during the 4-day collection 

period, dried at 55 C for 48 hours, ·and weighed. There were 

7 days between trials. 

Percentages of neutral detergent solubles (NDS), acid 

detergent solubles (ADS), lignin, cellulose, and cutin 

. levels in the diets were mea.sured by the methods of Goering 

and Van Soest ( 1970) as described by Servello et al. ( 1983). 

Cellulose was determined by the 72% sulfuric acid method 

after lignin·determination.with potassium.permanganate. 

Cutin was then determined by ashing the residue at 500 C for 

3 hours. Sodium sulfite was not used in the determination 

of neutral detergent solubles as recommended by Mould and 

Robbins (1981a). Acid detergent solubles is defined as the 

dry matter of the sample soluble in sequential treatments 

with net+-tral detergent and acid detergent solutions. 

Percent total phenols in the diets was measured. 
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colorimetrically (Singleton and Rossi 1965) ··after a 3-day 

extraction in acetone/water (70:30) 1 using a gallic acid 

standard. Gross energy in diets and feces was determined 

with a Parr adiabatic bomb calorimeter. 

Simple, multiple, and stepwise regression procedures of 

SAS (Ray et. cil. 1982) were used to det.ermine the 

relationships between the chemical composition of .the diets 

and diet ME. 

Experiment 2. Validation Metabolism Trials 

Eight diets were fed to ruffed grouse· in metabolism 

trials conducted in fall 1983 to test prediction equations 

developed in Experiment 1. Each diet was composed of 2-3 

forages of ruffed grouse. Based on preliminary chemical 

analyses of forages, diets were formulated to·cover a wide 

range of NDS and total phenol levels and still have an 

acceptable palatability (specific composition of diets is 

presented in Table 1.3). Forages used included leaves of 

clover (Trifolium spp.),·dandelioh (Taraxacum officinale), 

mountain laurel,· greenbrier (Smilax _rum.), Japanese 

honeysuckle (Lonicera iaponic;a), strawberry, and cinquefoil, 

fruits of hawthorne (Crataeaus spp.), autumn olive, sweet 

cherry (Prunus ayi urn) , grape, staghorn sumac ( Rhus typhina) / 

and corn, and fronds of Christmas fern. Seeds were removed 

from sweet cherry and only the fleshy portion was used~ 
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Forages were either air-dried, oven-dried, or freeze-dried 

and ground to pass a 2mm screen. All diets were 

supplemented with a poultry vitamin-mineral mix (Diamond 

Shamrock, Nopcosol R-3) at the manufacturer's recommended 

·rate, and 2% corn oil was added to improve palatability. 

Six adult male grouse used in Experiment 1 and 12 

juvenile ruffed grouse (7 males, 5 females) raised from eggs 

collected from nests in Virginia were used in these 

metabolism trials. Juveniles were maintained for 6 weeks 

prior to the trials on the high fiber maintenance diet fed 

routinely to adults. Metabolism trials were conducted as in 

Experiment l except there was only·a 3-day collection 

period. Trials were conducted in a randomized block design. 

Diets were chemically analyzed as in Experiment 1. Observed 

ME values (from metabolism trials) and predicted ME values 

(from equations) of the eight diets were compared. Data 

from Experiments 1 and 2·were tested for differences in 

regression coefficients using dummy variable regression 

techniques (Neter and Wasserman 1974). 

Experiment 3. Acorn Metabolism Trials 

Prediction of the ME of diets containing acorns was 

studied in this experiment which was conducted in late fall, 

1983. Nine diets were formulated, each composed of a basal 

diet mixed with acorn meat from one of three species of 
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oaks: red oak (Quercus rubra), white oak (Quercus alba), 

and chestnut oak (Quercus prinus). Acorn meat of each 

species was substituted for the basal diet at levels of 70, 

50., and 30% in the diets. The basal diet was the 

maintenance diet described in Experiment 1 and also was fed 

as one diet. All diets contained 2% added corn oil. Acorn 

meat was oven-dried ( 50. C), ground ( 2mm}, and supplemented 

with the vitamin-mineral mix used in Experiment 2 prior to 

mixing into diets. The ME of the diets for grouse was 

determined .in metabolism trials as in E;xperiment 2. Diets 

were chemically analyzed as described in Experiment 1. In 

addition, the percent ether-extract (estimate of fat 

content) of each diet was measured with a Soxhlet apparatus. 

Observed ME values of the diets for grouse (based on 

metabolism trials) and predicted ME values using equations 

developed in Experiment l and 2 were compared. 

Effect of Forage Treatment on ME Prediction 

The effects of various methods of storage and drying on 

measured chemical composition o+ forages and prediction of 

ME for grouse were studied. Fresh-collected mountain laurel 

leaves, Christmas fern fronds, Japanese honeysuckle leaves, 

cinquef oil leaves, and strawberry leaves collected in 

February and/or May were split into uniform lots and either 

oven-dried (50 C for 48 hours), freeze-dried (3 dayi), air~ 
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dried (20-24 C for 5 days), or frozen (2 days). Frozen 

samples were removed from the freezer and kept at room 

temperature for 8 hours. Samples thawed within 30 minutes. 

After 8 hours, one-half of each previoui?ly frpz.e.rf sample was 

freeze~dried (3 days) or oven-dried (50 C, 48 hours). 

Forages in each treatment were analyzed for levels of NDS 

and total phenols. 

RESULTS AND DISCUSSION 

Experiment 1. Initial Metabolism Trials 

The ME of the 14 diets varied from 32.2 to 69.4% (Table 

1.1) . Diet ME and chemical composition varied sufficiently 

to examine their relationships using linear regression 

procedures. Fall and winter ME values for each of the two 

commercial feeds wer.e similar; therefore, fall and winter 

data for these diets were combined. Also, 1ignin and cutin 

values of the diets are reported as a lignin+cutin fraction· 

(Table 1.1). Values for the one diet containing acorns were 

eliminated from the regression analyses because the actual 

ME of the acorn diet was substantially underpredicted (11-12 

percentage units) by all regression equations. Prediction 

of the ME of diets containing acorns was s.tudied in greater 

detail in Experiment 3. 

Both NDS and ADS had strong linear relationships 

(P=0.0001) with ME in ruffeq grouse (Table 1.2). However, 
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Table 1.1. Hetabolizable energy and chemical ~sition of 14 diets fed to ruffed 
grouse in Experiment 1. 

Metabolizable 
energy 1;0 Lignin+ Total 

NDS2 ADS3 Cellulose cu tin phenols 
Dietl 

..., 
( 7.) OD (/.) 1:.n (/.} x SE N 

Gamebird chow IGJ 69.4 0.6 7 81.9 92.7 4.5 2.7 0.7 
Horse chow I H J 36.S l.6 7 45.l 61.5 24.8 14.7 l.Z 
G-strawbery 1. 57.3 2.0 4 80.0 89.l 5.5 5.3 5.9 
G-cinquefoil 1. 56.9 l.9 4 73.3 83.S 7.0 9.3 2.8 
G-autumn olive f, 65.3 0.9 4 75.7 84.6 5.3 9.6 0.7 
H-grape f. 43.4 1.2 4 53.2 66.7 16.0 17.2 3.0 
H-chokeberry f. 38.3 l.6 4 50.4 63.0 19.2 17.8 l.4 
H-aspen 35.0 l.S 4 53.4 65.9 17.8 15 •. 9 5.5 
G-birch b. 42.9 1.4 3 62.8 74.2 8.6 17.5 4.7 
G-aspen b 38.4 Ll 4 65.4 76.7 a.5 14.8 4.0 
G-laurel 1. 45.6 5.0 3 73.8. 82.2 6'.6 ll.2 9.5 
H-apple b. 32.2 0.6 3 52.9 65.4 16.5 17.8 6.l 
H-acorn 52.2 1.2 3 s6.9 69.9 17.2 13.0 3.3 
H-fern 1. 34.9 o.z 3 52.8 67.3 20.0 12.3 6,8 

lPlant part abbreviations: f.=fruit, l~=leaves, b.=buds. 

2 NDS=neutral detergent solubles. 

3ADS=acid detergent .solubles. 
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Table 1.2. Relationships between percent metabolizable 
energy (ME) and percent neutral detergent solubles (NDS), 
acid detergent solubles (ADS), and total phenol levels in 13 
diets fed to ruffed grouse in Experiment 1. 

Independent variables 

X1 X2 R2 Equation1 

NDS 0.75 ME = 0.85X1 - 7.73 
NDS - Phenols 0.88 ME = 0.90X1 7.14 
NDS Phenols 0.93 ME = 0. 8SX1 - 1. 92X2 - 0.18 

ADS 0.79 ME = 1. 03X 1 30.98 
ADS - Phenols 0.91 ME = 1. 06X 1 29.10 
ADS ·Phenols 0.93 ME = 1. 01X 1 1. 73X 2 - 22.69 

1 All relationships significant at P=0.0001. Single 
diet containing acorns was excluded from regression 
analyses. See text for explanation. 
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subtracting phenol values fromNDS and ADS values greatly 

improved the R2 values. Theoretically, NDS is the highly 

digestible fraction of feeds and forages (Van Soest 1967). 

However, phenols, which are extracted as NDS, have little or 

no nutritional value and can decrease the digestibility of 

other NDS constituents (McLeod 1974, Mould and Robbins 

198la,b, 1982). Because phenols constituted a major portion 

of the NDS of some diets, correcting NDS and ADS values for 

levels of total phenols i:mprovedthe accuracy of ME 

prediction. Inclusion of phenols as a separate variable in 

a multiple regression equation slightly improved R2 values 

over phenol-corrected NDS (NDS - P) and phenol-corrected ADS 

(ADS - P) variables (Table 1.2). Stepwise regression 

analysis using all variables produced a model which only 

included ADS ... P. 

Experiment 2. Validation Metabolism Trials 

The ME of these.diets varied from 38.4 to 75.2% (Table 

1. 3). The ME, NDS, ADS, and phenol levels of the diets 

varied sufficiently to test ME prediction equations from 

Experiment 1. Slope and intercept values of equations (of. · 

the form shown in Table 1.2) derived from Experiment 2 data 

were not different (P>0.05) than those from Experiment 1. 

The NDS ... P equation developed in Experiment 1 had the 

lowest.sum of squared errors of prediction (error of 



17 

Table 1. 3. 11Percent metabolizable energy,· neutral detergent 
solubles {NDS), acid detergent solubles (ADS), and total 
phenols of eight diets fed to ruffed grouse in Experiment 2. 

Diet 
composition1 

l. Cherry f. (58), 
Clover l. (40) 

2. Corn (73), 
Dandelion l. ( 25) 

Metabolizable 
energy. 

x SE N 

63.0 1. 8 4 

75.2 1.6 4 

3. Hawthorn f. {38), 38.4 1.2 3 
Strawberry l. (40), 
Cinquefoil L (20} 

4. A. olive f. (28}, 50~0 0.6 3 
Clover l. ( 40) , 
Dandelion 1. (30) 

5. A. olive f. (73), 58.4 0.8 4 
Honeysuckle 1. (25) 

6. Grape f. ( 58), 40. 8 2. 9 3 
Laurel l. (25), 
Christmas fern (15) 

7. Grape 1. (58), 42.7 1.1 3 
Greenbrier l. (40) 

8. Sumac f. ( 50), 48. 2 1. 5 3 
A. olive f. (24), 
Grape f. ( 24) 

Total 
NDS ADS phenols 

84.7. 88.4 3.3 

86.6 94.1 1.0 

67.5 76.2 10.0 

74.9 81.4 1.8 

75.7 78.8 3.0 

61. 6 67.9 8.1 

66.3 71.4 6.4 

56.4 69.1 6.0 

1 Percent composition is in parentheses. All diets also 
contain 2% corn oil by weight. Plant part abbreviations: 
f.=fruits, l.=leaves. 

/ 
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prediction equals observed ME minus predicted ME} for the 

diets in Experiznent2, suggesting.that it was a: slightly 

more· accurate equation. Values.for sum of square<;! errors of 

prediction for equations based on NDS - P, NDS and P, ADS -

P, and ADS andP were 270, 281, 283, and 342, respectively·. 

The actual and predicted ME values were highly correlated 

for the NDS - P equation (r=0;.88, 1?=9.004, Figure 1.1). 
. . . . . ' . .· . . . . ., 

Therefore, l;>ased on tl:le data from- these tri.als, which 

included 8 new fqrages and 12 new.grouse, it was concluded . . 

that the equa.tions developed in Experiment 1 provided good 

prediction of ME and that. the NDS - P equation was just 
. . 

slightly more accurate than the other equations tested.- The 

equations based on.NDS also.have an additional practical 

advantage in th.at the measurement of NDS is considerably 
- '. . . . . 

faster and easier than Abs determination. Thedata from the 

.· .. ·two experiments were combined anc1 the. following equation 

produced: 

ME= 0.87 (NDS - P) - 5.76 R2 =0.85 

.The type of phenolic compounds in•forages may. explain 
: . " . . 

. . 
much of the remainder of the variation in.the relationship 

between NDS - P and ME. For exampl,e, tannin phenols, a 

constituent of total phenols, can have a t:wo-£old effect of 
.. 

being an indigestible component 0£.NDS and reducing the 
·' 

digestibility of other NDS · c·onsti tuents.. Additional study .•. 
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·Fig. 1.1. Obse:rved (•}and predicted(....;.._) metabolizable 
.energy values of eight diets fed to ruffed grouse in 
Experiment 2 as a function of the phenol .. correc.ted neutral 
detergent soluble (NDS ..;; l?) content of the diets~ 
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is needed in :thfs area .~ncl on:.tJ:ie eff.~cts :of other. rion-

. nutritive plant ·constdtuents . .(e.g. e.ssential oils, .resins) 
~ .· . . ·. 

on forage_ME. ·. -~ : • ~ • • I. .'' 

Exp~riment 3 .. Acor1i Metaboli.sm ·~T.ri~ls 
- ,.·, .. · 

The acorn meat ¢liets varied in levels of phenols·. and · 
·. ~· 

ether-extract, but had relatively; similaI'.:oNDS :levels (Taple 
. . .. 

L4). As was found ·in the first· two experiments, a 

knowledge of total ~hen91 levels .. in. th,.e diets . clarifies .the 

observed. re·iationship b~tween ·NDS levels of t:he diet and 
. : .. 

diet. ME. For e:Xantp:J..e, both .the 70% white oak ·acorn .diet .anc;l: 

70% ·chestnut oak ·ac~rn diet had ·NDS· yalues of· 78%, but. the 

·. lower ME of the chestnut oak acorn diet .was the result" of' 
. .: =· '. ' ' its h::e:b::::: :n::::~. of the aco~n ~eatd1~ts ~ere 

.. ·. ~ 

· · : greater. than predicted t'rorn' the NDS ..; ·. P ·values· of the diets .· 
' . . ·:_.· ' . . " . . . ·: ... .- . 

(Table 1.4), which was consistent with the observa~ion for 

the· diet containing black oak acO:t'.J:lS .. fed in E~p~rirnent 1. 

The predicted. ME of the })as al diet wa·s underestimated by 4. 3 . 

percentage unitsi -whichwas_cqrisistent with data for· 

.. :previously fed diets of.: gamebird and .horse chow. . The amount 

of underest.imation of. ME in ~lle acorn diets was related · 
;:···. 

(P=O~OG7, r=0.82) to the percent· ac~'rn meat ·o:f the diets, 
. . 

bu.t was .not related (P=0~.43) to .the perC::e.nt ether•extr.act of· 

the c;liets. 

·.: :· 
. .:,·· .. 
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Table 1.4. Pen:ent ether extract (EEJ, neutral detergent solubles INDSJ, total 
phenols, predicted metabolizable energy (ME ), observed ME, and difference l:>etween 
observed and predicted ME values of ten diets fed to ruffed grouse in Experimeni: 3. 

Observed 
ME Difference 

Total Predici:ed (predicted -Diet I ;I, acorn meai: J EE NDS phenols MEil) x SE n - observed) 

Red oak ( 70 l 18.3 84.4 8.8 60.0 12.z 1.6 3 -1z.z 

Red oak 150) 14.6 79.6 6.6 57.7 68.4 0.7 3 -10.7 

Red oak (30) ll.3 75.9 3.9 56.9 64.0 1.1 3 - 7.l 

i'flite oak ( 70} 7.9 78.Z z.a 59.9 76.7 0.6 3 -16.8 

l'flite oak (50) 7.5 75.6 2.0 58.2 12;a 0.7 3 -14.6 

!olhi ta oak. (30) 6.8 73.Z 1.4 56.7 66.0 0.4 3 - 9.3 

Chestnut oak ( 70) 7.7 78.3 6.0 57.l 70.Z z.o 3 -13.l 

Chestnut oak. 150) 7.5 76.7 4.4 57.l 67.9 1.4 3 -10.8 

Chestnut oak (30) 7.3 73 .• '} Z.8 56.l 61.9 0.4 3 - 5.8 

Basal diei: ( 0 J 6.Z 68.7 0.7 53.4 57.7 0.7 3 - 4.3 
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Multiple regression analysis was used to develop an 

equation for predicting the ME of diets containing acorns 

from values 'of NDS -.P apd percent acorn meat in·thediets. 

Data for the 30 diets iri' the 3 experiments (21 diets from 

Experiments 1 and 2, which did not contain acorns, plus the 

9 acorn diets from Expe:timent 3) were useQ. in thi.s analysis. 

·A small part of the underestimat:ion of 'the ME of each acorn 

diet was due to the slight underprediction of the ME of the· 

basal diet. To remove the influence of the basal diet used 

in Ex~erimerit 3 on the regression ana,lysis, the percentage. 

units of underprediction.contributed by the basal diet 

(proportion basa,l diet x 4.3) in each acorn diet was 

subtracted from the respective observed·ME values of the 

acorn diets. 

Multiple regression analysis produced the following 

equation (P=0.0001, R2 =0.92) for the. prediction of the ME 

(%) of the diets of ruff~d grouse: 

ME - 0.87(NDS - P) + 0.18(% acorn meat) - 5.76 

where: % acorn meat = percent acorn meat in the diet. 

Stepwise regre::;;sion analysis·indicated that percent acorn 

meat added .significantly (P<O. 05) to the prediction provided 

by the NDS - P equation. . Predicted ME values for 100% acorn 
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meat samples reported in Chapter 3 appear to fall into a 

reasonable range, suggesting that the relationship between 

ME and percent acorn meat is linear to 100% acorn meat. 

When percent acorn meat equals zero, the above equation is 

identical to the prediction equation developed for diets 

without acorns in Experiments 1 and 2. However, the high R2 

value of 0.92 for the multiple regression equation is not 

representative of the variation for both diets with acorns 

and diets without acorns. The prediction equation for diets 

without acorns (Experiments 1 and 2) had an R2 value of only 

0.85. Metabolizable energy can be expressed as kcal/g of 

dry matter by measuring the gross energy (GE) of the sample 

and making t~e appropriate calculations. 

Effect of Forage Treatment on ME Prediction 

Treatment of forages prior to drying and choice of 

drying methods had a· substantial effect on measured NDS and 

total phenol levels (Tables 1.5 and 1.6). Immediate 

freeze-drying of fresh forages produced the highest NDS and 

phenol values, which are probably the most representative of 

the true values. Values for air-dried fresh forages were 

closer to values for fresh freeze-drying than any of the 

other treatments; however, lower 1."DS and/or phenol levels 

were observed for air-dried hQneysuckle and Christmas fern. 

Oven-drying fresh forages consistently resulted in lower 
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Table 1. S.. Percent neutral detergent solubles CNDS), total phenols CP), 
NDS - P, and metabolizable energy CME> of moun'.tain laurel leaves and 
Christmas fern fronds collected in Virginia in February and subjected to 
various storage and drying treatments. 

Treatment 

Freeze-dry 
C3 days) 

Oven-dry 
C24h a SQ Cl 

·Air-dry 
CS days) 

NDS .. 

69.6 

66.1 

69.4 

Frozen and thawed l 

Freeze-dry 
C3 days ) 

Oven-dry 
C24h a SO Cl 

70.8 

65.0 

Mountain laurel 

p NDS ... P ME 

17.0 S.2.6 40 .. 0 

11.9 54.2 41.4 

16.2 53.2 40.5 

16. 7 54.1 41.3 

11.S 53.5 40.8 

Christmas fern 

NDS ·P NDS - P ME 

.63.9 13.3 50.6 38.3 

60.9 10.8 50.l 31.8 

62.3 11.9 50.4 38.l 

62.0 12.2 49.8 37.6 

SS.9 8.5 47.4 35.5 

1Forages were frozen for 2 days and thawed at.r~oni temperature for 8 
hours pr~or to drying. 



Table 1.6. Percent neutral detergent solubles lNOSJ, total phenols (p), NOS - p, and metabolizable energy lME) of selected 
forages Ueaves or fronds) collected in Virginia in May and subjected to various stqrage and drying treatments. 

Treatment 

Mountain 
laurel 

NOS P NDS-P ME 

Freeze-dry 71.0 13.8 57.2 44.3 
13 days) 

Oven-dry 61.7 10.6 51.l 38. 7 
( 24h Q) 50 c) 

Air-dry 
(5 days) 

70.8 13. 9 56 •. 9 43. 7 

Frozen and thawedl 

freeze-dry 
(3 days) 

65.l 11.3 53.8 41.0 

Oven-dry .58.5 6.3 .52.2 39.7 
I 24h QI 50 Cl 

strawberry 

NOS P NDS-P ME 

81.7 17.0 64.7 50.5 

79.5 17.4 6Z.l 48.3 

80.6 18.3 6Z.3 48.4 

79.0 13.6 65.4 51.1 

11.2 10.6 66.6 s2.2 

Cinque foil 

NOS P NDS-P ME 

Japanese 
honeysuckle 

NOS P NOS-P ME 

70.8 11.9 58.9 45.5 81.5 6.7 74.8 59.3 

70.6 lZ.5 58.1 44.8 . 78.5 4.3 74.2 56.8 

71.3 12.l 59.Z 45,7 78.3 5.8 72.5 57.3 

65.5 8,5 57.0 43.8 73.3 1.1 72.2 57.1 

59.4 6.4 53.0 40.4 68.4 1.1 67.3 52.8 

1rorages were frqzen for .2 days and thawed at room temperature for 8 hours prior to drying. 

Christmas fern 

NOS P NDS-P ME 

64.5 13.4 51.1 38.7 

53.9 9.6 44.3 32.6 

60,0 14.0 46.0 34.3 

48,0 5.5 42.5 31.2 

38.8 2.2 36,6 26.1 

N 
l.Jl 
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values for both NDS and total pheno.ls compared to fresh 

freeze-dried samples. NDS and phenol values of forages also 

were lower after freezing and thawing for all respective 

drying treatments .. Some frozen samples turned brown or 

black in color within a few hours after thawing. This was 

probably caused by the oxidation of some phenolic 

constituents (Mould and Robbins 1981a, Ribereau-Gayon 

1972:37). Most forages tested also developed a brown or 

black coloration during over-drying. Freezing and.thawing 

and/or heating probably disrupts intracellular vacuoles 

allowing the oxidation of some phenols and/or the complexing 

of tannins and protein (McLeod 1974, Mould and Robbins 

198la). Phenols complexed with substrates are probably 

insoluble in neutral detergent solution and would explain in 

part the lower NDS values. Phenol levels of both Christmas 

fern and laurel appeared to be affected by freezing and 

thawing and heating to a lesser extent in the winter than in 

the spring. More protein and/or tannin may be present in 

new growth or more phenols may be susceptible to oxidation 

at that time. 

With the exception of the Christmas fern collected in 

the spring, the percentage unit decreases (from fresh 

freeze-dried values) in NDS and phenols as a result of the 

various treatments were similar. Therefore, NDS - P values 
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and predicted ME values of forages prepared by each 

treatment were much less affected by forage treatment than 

were NDS and phenol values separately (Tables 1.5 and 1.6). 

APPLICATION 

The strong relationship between phenol-corrected NDS 

and ME provides a reliable and efficient method for studying 

diet quality in ruffed grouse populations. Unlike 

conventional metabolism trials, only a small amount of 

forage is needed for ME determination. In these studies, a 

0.40g sample was routinely used for NDS and phenol analyses 

and as little as one half that amount can be used when the 

amount of forage material is limited. The small amount of 

forage required allows for the analysis of crop contents 

and, therefore, the estimation of the ME of forages actually 

selected by wild grouse. 

To use the prediction equation, the percent acorn meat 

in the crop contents must be measured on a dry matter basis 

prior to chemical analysis in order that the appropriate CF 

can be computed. However, this requires little additional 

effort if food ha.bits data are collected for comparison with 

ME values. Like acorns, the ME of beechnuts (Fagus 

grandifolia) also may be underestimated by the prediction 

equation. Until more information is available on the 

metabolizability of beechnuts, percent beechnut meat could 
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be substituted for percent acorn meat in the prediction 

equation. 

There may be·additional problems in predicting the ME 

of soft fruits that contain hard .seeds. Beer and Tidyman 

(1942) reported that they could find no evidence that seeds 

·of Smilax spp., EllY.§. spp., and Rose spp. were being ground 

by the gizzard of grouse. However, Korschgen (1966)· states 

that hard seeds are ground by the gizza·rd of ruffed grouse 

and based this conclusion oh his observation that few entire 

seeds were found during fecal analysis. However, only grap~. 

(Vi tis spp.) and rose (Rosa spp.) .fruits. were found in 

substantial quantities in that study. The gizzard contents 

of· 120 ruffed grouse colJ .. ecte.d in fall and• winter . in North 
' '•l ' 

Carolina were examined for· evidence of. seed digestion in the·· 

present study. There was evidence (numerous seeq fragments) 

that.seeds of grape and rose were being ground in the 

gizzard, but very few broken seeds of greenbrier and sumac. 

were found even though these seeds were numerous. I als.o 

have observed whole seeds of 'fruits of flowering dogwood 

(Cornus florid.anus), black gum (Nyssa sylyatica) '·.and 

greenbrier (Smilax) spp. in the feces or large intestines of 

wild ruffed grouse. Mechanical grinding and chemical 

analyses of hard seeds not normally ground by the gizzard 

may overestimate the actual ME of those particular fruits. 
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Also, finely grinding seeds that normally are only broken 

into large pieces by gizzard action may result in 

overestimated ME values. This problem is difficult to 

resolve because grinding of hard seeds by the gizzard 

probably depends on the fruit species and on the amount of 

fruit consumption. High fruit consumption may increase 

rates of seed passage. When analyzing crop contents, ME 

estimates would be most effected in the fall when fruits 

often form a large part of the diet of grouse. 

An alternative to grind.ing and analyzing seeds of soft 

fruits is to remove them from the crop contents and analyze 

the seed and nonseed portions of the crop contents. 

separately. A range of ME estimates could then be 

calculated using the ME estimates for the seed and the 

nonseed portions of the crop contents and the known 

proportion of hard seeds in the crop contents. Minimum 

values are for the case when seeds are undigested (ME of 

zero used for seeds in calculations of the ME of the crop 

contents) and maximum values are for the case when seeds are 

completely ground (predicted ME values of ground, analyzed 

seeds used in calculations of the ME of the crop contents). 

Proper care of forages prior to chemical analyses is 

important for obtaining accurate NDS and phenol values. 

Fortunately, changes in NDS and total phenol levels that may 
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occur during storage and drying are of £setting to a large 

extent in the ME prediction equation and reduce the error in 

predicted ME values. Immediate freeze-drying is recommended 

whenever possible. Some amount of NDS and phenol complexing 

probably takes place in the crops of grouse because of warm, 

moist conditions. However, care in drying crop contents can 

minimize chemical changes. Freeze-dried crop contents 

retain their natural color to a much greater extent than 

oven-dried crop material, suggesting a lesser degree of 

chemical change. 

In summary, chemical analyses and prediction equations 

have numerous advantages over other methods of measuring 

metabolizable energy in the diet of ruffed grouse. By 

analyzing crop contents, direct comparisons of food habits 

and diet quality of grouse can now be made. This 

information will be a major step towards a better 

understanding of the relationships among food habits, diet 

quality, and population levels of ruffed grouse. 
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CHAPTER 2 

WING FAT, GIZZARD FAT, AND BODY WEIGHT AS INDICES OF CARCASS 
FAT IN RUFFED GROUSE 

·In the only two studies on seasonal body fat dynamics 

in wild ruffed grouse, whole carcasses were analyzed for fat 

content (Thomas et al. 1975, Norman and Kirkpatric]{ 1984). 

Carcass analysis is the most accurate method of fat 

determination; however, whole grouse are usually difficult 

to obtain, and the analysis is time-consuming. Norman and 

Kirkpatrick (1981) recently reported that wing fat was 

correlated with carcass fat.in ruffed. grouse· collected in 

Virginia. However, the correlations between wing fat and 

carcass fat were weaker in the spring and summer than in the 

fall and winter, indicating some potential problems with the 

technique. The advantage of wing fat as an index is that 

wings can be easily collected from hunters for analysis. 

The weight of fat attached to the gizzard of ruffed grouse 

may have a similar advantage as a carcass .. fat indelt because 

gizzards also can easily be collected from hunters. Various 

measures of abdominal or visceral fat deposits have been 

shown to be strongly correlated with body fat in waterfowl 

(Woodall 1978, Bailey 1979, Chappell and Titman 1983, Thomas 

et al. 1983). The objective of the present study was to. 

determine the reliability of wing fat and.gizzard fat as 

33 
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indexes of .carcass fat in ruffed grouse. The relationship 

between fresh body weight and carcass fat content also was 

examined because body weight is frequently used as a measure 

of body condition. 

METHODS 

Sixty-two ruffed grouse were collected in the months of 

March and April from 1982 to 1984.. A total of 20 grouse was 

collected between 1 November and 1 January from 1981 to 1984 

in Virginia (N=8) and New York (N=12). Whole body weights 

were measured after removing crop contents. Grouse were 

plucked, and lower legs were removed at the 

tibio-tarsus-tarsometatarsus junction. Reproductive and 

digestive tracts were removed, but mesentary fat was 

stripped from the organs and replaced in the body cavity. 

The weight of the fat adhering to the gizzard (GFW) was 

weighed after lightly blotting surface moisture, and the fat 

was returned to the body cavity. The empty gizzard was 

weighed and a gizzard fat index (GFI) was calculated by 

dividing the weight of the fat attached to the gizzard by 

the gizzard weight. 

Norman and Kirkpatrick (1980) analyzed the fat content 

of the entire wing (removed at the humerus-scapular 

junction). I tested three different sections of the wing 

that would be more representative of the amount of wing 
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material that could be consistently collected from hunters. 

For the 42 grouse collected in spring 1982 and 1983 and the 

20 fall-collected grouse, 1 wing from each bird was removed 

at the humerus-radius-ulna junction (complete radius-ulna 

[CRU]) and the other wing was removed at a point midway on 

the radius-ulna (half radius-ulna [HRUJ). For the 20 grouse 

collected in spring 1984 the skin and muscle along the 

radius-ulna (RUM) bones of 1 wing were removed for analysis. 

The other wing was cut at both the humerus...;radius-ulna 

junction and midway on the radius-ulna. Both sections of 

this wing were analyzed resulting in.a directly measured fat 

value for HRU and a computed value for CRU calculated from 

the fat content and weight of each section. 

Carcasses and wings were freeze-dried and ground with a 

Waring blender. Wing samples and carcass subsamples were 

oven-dried (50 C) for 24h prior to fat extraction. Fat 

levels were measured in a Soxhlet apparatus using ethyl 

ether. Wing dry weight and fat were mathematically added to 

carcass values. Fat levels were calculated both as a 

percentage of carcass dry matter and as a lipid index ([9 

fat/g fat-free carcass dry matter] x 100). 

Carcass and wing fat means were tested for differences 

with paired t-tests. Pearson's product-moment correlation 

and least-squared regression analyses were used to examine 
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relationships among condition indices. Slope and intercept 

values of regression lines were tested for differences 

between sexes and seasons using dummy variable regression 

techniques (Neterand Wasserman 1974). 

RESULTS 

Carcass fat and lipid index values ranged from 

1.9-'30.0% and 1.9-43.6, respectively, in .the spring-

collected grouse and from 4.9-35.1% and 5.2-54.0 in the 

fall-collected grouse. In males, paired t~tests showed that 

CRU wing fat and HRU wing fat were greater (P<0.01) than 

carcass fat in both the spring and fall (Table 2.1). There 

were no differences (P>0.10) between carcass fat and CRU or 

HRU wing fat in females in either season. The :fat content 

of the RUM wing was not different· (P>0.10) from carcass fat 

in males or females in the grouse collected in spring 1984, 

even though both CRU and HRU wing fat in the same.grouse was 

greater than carcass fat in males (P<0.01), but not females 

{P>0.20). 

Values for carcass fat and lipid index were highly 

correlated (r=0.99, P=0.0001). As a result, relationships 

between fat indices and carcass fat and lipid index were 

similar. Both CRU and HRU wing fat was co,rrelated (P<O. 01) 

with carcass fat and lipid index in the· spring (Table 2.2). 

The correlation coefficients were higher for males 
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Tabla 2.1. Carcass fat, CRU wing fat, HRU wing fat, and RUM iiiilig.fat of ruffed 
grouse collected in Virginia IN=62J in spring 1982-84. and in Virginia IN=8J and New 
York IN=l2l in fall 1981-1984. 

Spring Fall 

Hale Hale 

SE N SE N SE N: SE N 

Carcass fat 00 17.7 1.1 39 7.5 i.o 23 '17.1 3•6 8 14.6 l.7 12 

CRU wing fat IX> 17.9 0.6 39 115,1 1.7 23 22.5 o.a 8 J 20.2 l.2 11 

HRU wing fat IX> 19.l 0.6 39 1 14.8 1.7 23 22.2 0.6 8 l zo~ 1 1.2 12 

RUM wing fat 1x12 12.i 1.2 10 7.5 l.7 io 

1 Different fromcarC:ass fat mean at P<0,05. 

2 Mean .t ,SE) carcass fat, ·CRU wing fat, and HRU wing fat, respectively, .f(:;r 
corresponding 20 grouse: females 115.7 ± 2.8, 16.9 .t 1.2, 18.6 ± 1.21, males 16.Z .t 
2.s. 12.4 ± 2.8, 22.8 .t 3.o>. 
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Table 2.2. Ranges of fat indexes and correlations with carcass fat 
and lipid index of ruffed grouse collected in Virginia CN=62) in 
spring 1982-84 and in Virginia CN=8) and New York CN=l2) i.n fall 
1981-84. 

Correlation coefficients 

Fat indexl N Range Carcass fat Lipid index 

Spring 

CRU wing fat c:o 
males 23 1.7-24.7 0.83 * 0.80 * 
females 39 10.3-25.2 0.63 * 0 .62 * 

HRU wing fat (7.) 

males 23 1.6-25 .1 0 .83 * 0.81 * 
females 39 11. 3-26. 0 0 .60 * 0.59 * 

RUM wing fat ( 7.) 20 1.4-18.6 0 .81 * 0.78 * 
Body weight (g) 

males 23 535-773 o. 74 * 0. 74 * 
females 39 561-711 0 .43 * 0.43 * 

log CGFW+l) 62 0-1.52 0.87 * 0.86 * 
log CGFI+U 62 0-0.21 0.84 * 0 .85 * 

Fall 

CRU wing fat ( Y.) 20 11. 2-26. 0 0.58 * 0.55 * 
HRU wirig fat ( 7.) 20 9.9-25.0 0 .46 * 0 .42 * 
Body weight (g) 20 529-784 0.20 NS 0.17 NS 
Log CGFW+U 20 0. 22-1. 31 0 .91 * 0 .88 * 
Log CGFI+l) 20 0.01-0.11 0.87 * 0.85 * 

1 Data for males and females a:-e pooled in this table when 
slope and intercept values for relationships did not differ CP>0.05) 
between sexes and correlation coefficients for sexes were similar. 
See text for specific results. 

*Correlated with dependent variable CP<O.Ul) 
NS Nonsignificant correlation with dependent variable CP>0.05) 
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(r=0.80-0.83) than females (r=0.59-0.63), and the slope 

values of the least-square regression lines for these 

relationships were greater (P<0.05) for females than males. 

Intercept values did not differ (P>0.05). Percent £at in 

the RUM wing was correlated (P<0.01) with carcass fat and 

lipid index, but regression coefficients (slope and 

intercept values) did not differ (P>0.05) between sexes. 

Body weight was correlated (P<0.05) with carcass fat and 

lipid index in the spring for both sexes. The relationships 

were stronger for males (r=0.74) than females (r=0.43), but 

the regression coefficients did not differ (P>0.05) by sex. 

Both CRU and HRU wing fat were weakly correlated 
' . 

(P<0.05) with carcass fat (r=0.46-0.58) and lipid index 

(r=0.42-0.SS)in the .fall (Table 2.2). Regression 

coefficients did not differ (P>0.05) between sexes. Body 

weight was not correlated (P>0.05) with carcass fat or lipid 

index in the fall for malesor females or for .pooled data of 

both sexes. 

For all data pooled (N=82), there were curvilinear 

relationships (P=0.0001) between gizzard fat weight and 

carcass fat (Figure 2.1) and lipid index. A logrithmic 

model was used to describe the relationships (l?=0.0001), 

which tended to have less variability at lower fat levels 

(e.g. carcass fat<15%). Correlation coefficients between 
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40 ••••••• CF=19.2 Log_9(GFW+1) +2.2. 

- CF::17 .2 Log 8 (GFW+.1) +3.3 0 

....... 
aQ.. 30 ........ 

• 

20 

10 • 

0'--------------------------------0 1 2 3 4 

GIZZARD FAT (g) 

Fig. 2 .1. Relationship between carcass fat (CE') and gizzard 
fat in ruffed grouse collected in the spring in Virginia 
(N=62) and in the fall in New York (N=l2} and Virginia 
(N=8). Lines represent weighted ( ...... ) and unweighted (-). 
least-squared regression equl\ltions. See text for 
explanation. 
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loge(GFW+l) and carcass fat and lipid index varied from 0.86 

to 91 (Table 2.1). Regression coefficients did not differ 

(P>0.05) by sex or between spring samples from Virginia and 

fall samples from New York and Virginia. Weighted 

regression was used to obtain a better fit of the least-

squared regression line at lower levels of carcass fat and 

lipid index where variability was lower. The weight values 

were proportional to the reciprocal of the variances of 

carcass fat or lipid index at each observation of GFW, which 

provided the best linear unbiased estimates of regression 

coefficients. The following equations were produced and are 

considered the most accurate for prediction of carcass fat 

(Fig. 2.1) and lipid index from GFW: 

Carcass fat= 19.2[loge(GFW + l)] + 2.2 

Lipid i:z:idex = 25. 7 [loge (GFW + 1)] + 1.1 

The GFI was highly correlated with GFW (r=0.98, P=0.0001); 

therefore, relating GFW to. gizzard weight did not improve 

the accuracy of GFW as a predictor of carcass fat and lipid 

index. Correlation coefficents of carcass fat and lipid 

index with loge(GFI+l) were similar to correlation 

coefficients with loge(GFW+l) (Table 2.2). 

DISCUSSION 

The weight of the fat attached to the gizzard appeared 

to be the most useful index of carcass fat for ruffed 
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grouse. There was no evidence that the relationship was 

affected by sex, season, or lodation. However, becaus~ of 

the curvilinear nature of this relationship, gizzard fat 

weight must be transformed to carcass fat estimates for 

comparative purposes. 

Positive correlations between body fat and fat deposits 

also have been reported for waterfowl (Woodall 1978, Bailey 

1979, Chappell and. Titman 1983, Thomas et al. 1983); 

however, nonlinear relationships were not found in these 

previous studies. At higher body fat levels in grouse, fat 

may accumulate around the gizzard .at a faster rate than in 

other parts of the body, resulting in a nonlinear 

relationship. Most grouse with high levels of body fat and 

gizzard fat were females collected. in the spring. These 

females could have been rapidly storing or utilizing fat 

prior to or during egg-laying, which may have contributed to 

the high variability in the gizzard fat-carcass fat 

relationship at high body fat levels. 

Typical body fat levels of ruffed grouse in the fall 

and winter probably would be in the·range (0-20%) where 

prediction of carcass fat is the most accurate. For 

example, 114 of 118 gizzards collected from ruffed grouse in 

fall and winter in North Carolina had gizzard £at weights of 

less than l.6g and predicted carcass fat levels of less than 
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21% (see Chapter 3). Thomas et al. (1975) found that mean 

carcass fat levels of grouse in Ontario, Canada in January 

and February were only 7 and 8%, respectively, also in the 

range where predicti.on from gizzard fat weight is the most 

accurate. 

Fat levels of the CRU and HRU wings do not appear to be 

satisfactory as indexes of body fat. Correlations were weak 

and relationships differed for sexes in the spring. Carcass 

fat levels in females were greater than in males in the 63 

spring-collected grouse (see Chapter 4). Therefore, 

differences in regression lines between sexes may have been 

the result of different body fat levels and not sex per .§fa. 

The lowest mean CRU and HRU wing fat levels were 

observed for males in the spring. However, these levels 

were still twice mean carcass fat levels. Wing fat (CRU and 

HRU) levels of <10% were observed in only seven grouse (all 

males) in the present study, and these grouse had mean (±SE) 

carcass fat of 2.8±0.3%. Fat levels in wings may remain 

high until carcass fat levels have decreased to a low level. 

Hutchinson and Owen (1984) recently reported that wing 

bones of many species of waterfowl contain fat laden marrow, 

and that marrow fat was one of the last fat reserves to be 

used as body fat declined. The presence of marrow in wing 

bones of ruffed grouse was observed in some specimens of 
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ruffed grouse obtained after the present study~ If ruffed 

grouse have a similar pattern of marrow fat depletion in 

wing bones as described for ducks that would explain the 

high mean wing fat relative to carcass fat found in the 

present study and the observation that the mean fat content 

of the muscle and skin (bone excluded) along the radius-ulna 

(RUM wing fat) did not differ from mean carcass fat. 

Body weight was not an accurate predictor of body fat 

levels even when accounting for sex differences. Thomas et 

aL { 1975) also found that there was not a· simple · 

relationship between weight and fat content for ruffed 

grouse. The lower correlation coefficient for females than 

males in the spring was probably due to large changes in 

weights of reproductive o;rgans and the presence of partially 

developed eggs in the oviducts of females (see Chapter 4). 

Age information may improve prediction in the fall to some 

degree. 

In summary, gizzard fat weight has good potential as a 

predictor of carcass fat in ruffed grouse, while wing fat 

and body weight were only weakly related to body fat. Large 

numbers of samples of gizzards and attached fat could easily 

be collected from hunters to monitor fat levels in· ruffed 

grouse populations. 
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CHAPTER 3 

REGIONAL VARIATION IN THE NUTRITIONAL .ECOLOGY OF RUFFED 
GROUSE IN FALL AND WINTER 

The southeast edge of the range of the ruffed grouse 

extends along the Appalachian mountains into the states of 

Georgia, North Carol;i.na, Virginia, and Tennessee (Aldrich 

1963). Ruffed grouse are not as abundant in this region as 

in the northern U.S. and Canada (Bump et al. 1947:55). The 

causes of this regional difference in grouse abundance have 

not been identified. 

Low population densities of ruffed grouse in the 

Southeast may be related to regional differences in diet 

quality or food abundance. Fall and winter food habits of 

ruffE\d grouse differ distinctly between southeastern and 

northern regions. Buds, twigs, and catkins of trees are the 

most common winter foods of grouse in the northern U.S. and 

Canada (Brown 1946, Bump et al. 1947, McGowan 1973, 

Vanderschaegan 1970, Svoboda and Gullion 1972), whereas the 

winter diet·of grouse in the southern Appalachians is 

composed of fruits, ferns, and leaves of herbaceous and 

woody plants (Stafford and Dimmick 1979, Seehorn·et al. 

1981, Norman and Kirkpatrick 1984). 

The nutritional significance of this difference in food 

habits is unknown because there have been few studies on the 
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nutritional quality of ~orages and diets of ruffed grouse. 

Previous research only consisted of proximate analyses of 

grouse forages (Bump et al. 1947, Korschgen 1966). While 

providing some useful information (e.g. protein content}, 

the proximate system of f~ed analyses has limited value for 

describing forage quality (Robbins 1983:244). Basic to an 

understanding of the nutritional ecology of any species is 

information on the metabolizable energy (ME} content of 

forages. However, with one exce~tion (Hill et al. 1968), 

there is no published information on the ME of forages or 

diets of ruffed grouse. 

Information on levels of phenolic compounds also may be 

important when evaluating the nutritional quality of forages 

of grouse (Byrant and Kuropat 1980, Sinclair et al. 1982, 

Lindroth and Batzli 1984, Sinclair and Smith 1984). Byrant 

and Kuropat (1980) proposed that food selection by ruffed 

grouse was related more to the avoidance of protective plant 

chemicals than to the selection for nutrient-rich foods. 

Phenolic compounds, which include simple phenols, nontannin 

flavans, hydrolyzable tannins, and condensed tannins (Peri 

and Pompei 1971), have a variety of adverse physiological 

and nutritional effects on herbivores. Tannins may reduce 

protein digestibility and digest~ve enzyme activity because 

of their ability to bind str.c:a1gly with protein (McLeod 1974, 



48 

Mould and Robbins 198/la). Large amounts·. of absorbed tannins 

can cause liver and kidney disorders in rabbits and rats 

(Arheleger et al. 1965, Boler et al. 1966, Ca.mp et al. 

1967). Dietary tannin also has been shown to reduce growth 

rates in chickens (Vohra et al. 1965, Fuller et al. 1967, 

Conner et al. 1969, Armstrong et al. 1974, Kubena et al. 

1983). Quercetin (a flavonoid) and tannic acid (a 

hydrolyzable tannin). reduce growth rates of prairie voles, 

and quebra.cho, a condenseci. tannin, causes mortality in 

prairie voles by reducing food intake (Lindroth and Batzli 

1984). Concentrations of total phenols are known to be 

·substantial (17% of dry matter) in some forages of ruffed 

grouse (see Chapter 1), but data on tannin levels .in. grouse 

forages are not availab.le. 

To gain a better understanding of ruffed grouse 

nutritional ecology, more information on the nutritional 

quality of forages is needed as well a bette~ understanding 

of· the relationships between food habits and diet quality .. 

In addition, there is a need for direct comparisons of the 

quality of the diets.of ruffed grouse from northern and 

southeastern populations in order to determine the 

significance of regional differences in food habits. The 

objectives of the present study were (1) to determine the 

relationships between food habits and. ME, protein, and total 
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phenols in the diet of ruffed grouse; (2) to determine 

levels of tannin phenols in selected winter forages of 

ruffed grouse; and (3) to determine the regional variation 

in the ME, protein, and total phenol levels of the fall and 

winter diets of ruffed grouse.· Also, carcass .fat levels of 

ruffed·grouse collected in North Carolina during the fall 

and winter were measured to examine the relationship between 

diet quality and body condition. 

METHODS 

Crop contents of hunter-killed ruffed g:rouse 'were 

collected by cooperators in Virginia, Nor~h Carolina, and 

Georgia during the 1981 .. 82, 1982-83, and 1983-84hunting 

seasons and in Maine, New York, Wisconsin, and.Washington 

during the 1982-83 and 1983-84 hunting seasons .. Crops were 

collected in West Virginia during the 1981-82 hunting season 

and in Indiana and Ohio during the 1983-.84 season only. 

Hunters were instructed to freeze crop contents as soon as 

possible in plastic bags and collection envelopes and to 

. record the date and county of. kill. Most samples were 

shipped to VPI&SU by an express.mail service. Generally 

this involved one shipment from each state at the end of the 

hunting season because one individual usually coordinated 

collections for each state. Crops were frozen when mailed, 

but thawed during shipment. All samples arrived in <24h 



50 

(usually 16h) except one container of crops from New York in 

1982 that arrived in approximately 30h. Most shipments were 

still cool on arrival and crop contents were generally in 

excellent condition. Collections from New York in 1983 and 

from Maine in 1982 wererkept on ice and transported directly 

to VPI&SU by automobile. Crop collections in Virginia were 

made in the vicinity of VPI&SU and did not require shipment. 

Upon arrival at VPI&SU, crop contents were frozen and later 

freeze-dried (without thawing) for approximately 48h. 

Food Habits 

After freeze-drying, crop contents were separated into 

the following forage classes: leaves of deciduous woody 

plants, leaves of evergreen woody plants, leaves of nonwoody 

herbaceous plants other th.an ferns, ferns, hard fruits, soft 

fruits, buds and twigs, catkins, animal matter, and grit. 

Grit was excluded from all food habits calculations and 

analyses. The deciduous leaf class .included such species as 

apple, aspens, , and greenbrier (all scientific names of 

plants appear in Appendix Table 3.1). Honeysuckle leaves 

were included in this forage class because they often 

partially change in color in late winter. The evergreen 

leaf class only included broad-leaf woody species that 

typically remained green throughout the entire year. Common 

forages in this class were mountain laurel, wintergreen, and 



51 

trailing arbutus. Hard fruits included those forages from 

which the principal source of nutrients for grouse was 

derived from the seed. This forage class included acorns, 

maple samaras, and small seeds of numerous species. Soft· 

fruits were defined as forages from which nutrients are 

principally derived from the pericarp surrounding the seed. 

Besides such typical soft fruits as apple, grape, and 

greenbrier, fruits of sumac were included here. 

Estimates Of the rnaj6r forage species in the collected 

crops were made by identifying at least the four most common 

species for each month of each state-wide collection {except 

for Washington). Then, for each crop, the percentage by 

volume of each identified species in its,respective forage 

class was ocularly estimated. Crop contents were then 

freeze-dried fcr24h and weighed by forage class. Then, for 

each crop, the estimated percentage of each identified and 

measured species in its respective forage class was 

multiplied by the weight of the forage class to obtain an 

estimate of the dry weight of that species in the crop. The 

weight to volume ratios of forages in a forage class were 

assumed to be similar. E'or 77% of the ocula·r measurements 

made, one species made up 100% of the forage class; 

therefore, most weight estimations were exact. Monthly 

percentages of forage classes and forage species in crop 
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. . 

. contents were calculated by the aggregate volume method 

(Martin. et aL 1946), except that dry weight was used. 

Seeds of soft fruits, and the me.at of acorns and 

beechnuts were removed from crop contents· and weighed 

separately. A kn,owledge of :the percentage of acorn and 

beechnut meat in the crop contents isnecessary for 

predicting the ME of the.crop contents by. the prediction 
-~.' ' . ... _. 

equation to be described:1ater. Seeds of soft fruits were 
- ... . . ~ 

removed from the crop contents because the extent to which 

grouse grind hard ·S.eeds .. of soft f.ru,t ts is not known . 
. ., '" 

· Al though some hard seeds are apparent.ly ground· in the 

gizzard. (Korschgen 1966), information for many fruit species 

is lacking (see Chapter 1). E'inely ·grinding and chemically 

analyzing hard seeds that are not ground or only broken. int<;> 

lar~e fragments·in the gizzard may overestimate .the 

nutritional value of. tho.se seeds for grouse. Seed .weight 

data were used to calculate minimum and maximum estimates of 

ME and other nutritional variables. in crop contents, which 

will be described later. 

Nutritional Analyses 
of Crop.Contents 

Separated crop contents were recombined (except seeds 

of soft fruits) and ground in. a Wiley mill to pass a 30-mesh 

screen. Crop contents were analyzed for percent·neutral 
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detergent solubles (NDS) by the method of Goering and Van. 

Soest (1970), except sodium sulfite was not used (Mould and 

Robbins 198lb). Amylase treatment was used as described by 

Robertson and Van Soest (1977). Percent total ph~nols were 

measured colorirnetrically using gallic acid as a standard 

(Singleton and Rossi 1965) after a 3-day extraction in an 

acetone/water solution (70:30). Gross energy was measured 

with a Parr adiabatic bomb calorimeter. The percent ME of 

the .ground crop material (excludes seeds of soft fruits) was 

calculated from the NDS, total phenqls, and t}le percentage 

of acorn and/or beechnut meat in the crop contents using the 

following equation. (see Chapter 1): 

ME= 0.87(NDS - total phenols) + 0.18(% acorn meat) - 5.76 .· 

The kcal of ME per gram ·Of d~y matter was calculated from 

%ME and GE(kcal/g). Percent nitrogen of crop contents was 

measured by the VPI&SU Agronomy Laboratory with a Technicon 

autoanalyzer after digestion in concentrated sulfuric acid 

at 450 C. Crude protein was calculated as percent nitrogep 

times 6.25. When there was insufficient crop material for 

all analyses, priority was ·assigned in the following order: 

NDS, total phenols, GE, and nitrogen. 

The lack of information on seed digestion by grouse was 

circumvented in the present study by calculating minimum and 
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maximum estimates of predicted ME, total phenols, and 

protein for crop contents t;hat contained seeds of soft 

fruits. Estiniates ,,w~re calc:uJated using. values ·of the above 

nutritional variables for the seed and nonseed portions of 

the crop contents and the kno"1n proportion of seeds in the 

crop contents. Minimum values for predicted ME, ·total 

phenols, and protein were calculated from respective values 

for the nonseedportion of the crop contents, the proportion 

of seeds of soft fruits in the crop contents, and assuming 

that the contribution of ME, total phenols, and protein by 

seeds was zero (seeds undigested). To calculate maximum 

values, measurements of predicted ME, total phenols, and 

protein for ground seeds were made by species. Maximum 

values for the predicted ME, total phenols, and protein in 

crop contents (seeds included) then were calculateQ from the 

respective values of ME, total phenols, and protein of the 

nonseed portion of the.crop contents, the respective values 

of ME, total phenols, protein of seeds in the crop contents, 

and the proportion of seeds of soft £ruits in the crop 

contents. Average values of nutritional·variables for 

species of seeds were used because most crops contained 

in~ufficient amounts of seeds for analyses. Calculating 

minimum and maximum values not only gave a range of 

estimates for nutritional variables for crop contents that 
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contained soft fruits, but also provided useful information 

for evaluating the nutritional contribution of soft fruits 

to the diet of grouse. 

The predicted ME, total phenols, and protein in ground 

seeds of soft fruits were determined by grinding the seeds 

through a 30-mesh screen and. measuring NDS,•total phenols, 

GE, and nitrogen. All seeds were from the crops of wild 

grouse. ME was predicted from NDS and total phenols with 

the equation described earlier. These data were used to 

calculate maximum values of ME, total phenols, and protein 

in crop contents .as d.escribed above. Greenbrier seeds and 

parts of the outer seed coats of dogwood and blackgum were 

difficult to grind in a Wiley mill and were only ground fine 

enough to pass a 20-mesh screen. Seeds of some fruits 

occurred in crops in quantities too small to chemically 

analyze. For those crops, seeds of unanalyzed species were 

assigned the values of predicted ME, total phenols, and 

protein of the nonseed portion of the crop contents when 

calculating maximum values. However, unanalyzed seeds 

constituted-only a small percentage of the seeds of soft 

fruits found in crops and an even lower percentage of the 

total crop contents. Therefore, these seeds had little 

effect on estimates of nutritional variables. However, any 

effect of unanalyzed seeds would tend to be conservative 
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(calculated maximum values would include the true maximum 

predicted value) because tbe predi·cted ME, protei.n, and 

total phenol content of the nonseed crop contents typically 

were greater than values.for· mos~ hard. seeds. 

'Food habits data for each month were expressed as 

perc.entages of f·orage classes in the. aggregate weight of all 

crop contents for each month. Therefore, monthly values of 
. . . 

ME (%and kcal/g), total phenols, and protein were 

calculated as percentages ·or kcal/q. of the aggregate total 
. ' . . . 

crop content weights en:· gross energy .. (equivci.lent to a 
. . . 

·weighted mean with heavier crops having a greater influence 

on results) for each month in order.that food habits and 

nutritional variables would be directly comparable~ 

Standard errors (SE)·· of these weighted .. melans were 

calculated as follows (Hal Wilson, Statistical .Consulting 

Center,-·. Virginia Poly.te~~J.c Institute·. and State University, 

pers. comm. ) :. 

SE .. H~~~)~~1 ~. 
where.: SE = standard. e.rror of the weighted mean. 

W. =the proportion of the dry Weight of· 
l. 

crop content i in the aggregateweight 

of crop contents in a monthly sam,ple. 

Note: ( !Wi) 2 =1 for these cal.culations .. 

because weights were propor~i6ns. 
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S2 =sample variance for the.unweighted mean. 

The SE of the weighted mean is greater than the SE of the 

unweighted mean when all W valuesare·not equal. 

Dietary protein levels were evaluated with respect to 

the ME content of the diet because dietary energy levels 

largely determine dry matter intake (Maynarc;i et al. 1979, 

Scott et al. 1982) and, therefore., influence protein intake. 

A protein-energy (P/E) ratio (g protein per 100.kcal ME) of 

· the diet was .calculated for each month using the aggregate 

monthly protein and ME (kcal/g) values. The P/E ratio 

provides a basis £or comparing the crude protein intake of 

grouse on diets or f·orages of differing ME content~ Ratios .. 

were similar within a ~onth, regardless if they were 

calculated using corresponding minimum or maximum values of .. ·. ' ' . ,· . '• 

ME and protein because ME a.nd prote:ln esti~ates of EiOft . 

fruit diets were both dependent on the degree of digestion 

of ·hard seeds. 

Nutritional Analyses 
of Individual Forages 

. ' . 

Estimates of the pr~dicted ME, total phenol, and 

protein content of individual for ages sele.cted by grouse 

were made by analyzing forage samples obtained from crops. 

Except for.clover, inciividual species of herbaceous plarits 
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were not found in crops in sufficient amounts for chemical 

analyses. Crops that contained 100% herbaceous leaves 

(typically containing many species) were analyzed as samples 

of mixed herbaceous leaves. No attempt was made to 

determine the species composition of these samples. 

Levels of tannin and nontannin phenols in selected. 

hand-collected winter forages of grouse also were measured. 

Because phenols are affected by forage storage and drying 

treatments (see Chapter 1), only fresh, hand-collected 

forages were used for tannin analyses in order to.obtain the 

most accurate measurements possible. Tannin phenols were 

measured by determining total phenols {Singleton and Rossi 

1965) before and after precipitation of tannins with 

cinchonine sulfate. at pH 7. 0_.8. O (Brugirard and Travernier 

1952, Peri and Pompei 1971). The agueous•acetone solution 

used to extract phenols from forage samples blocked the 

precipitation of tannins by cinchonine sulfate. This 

problem was circumvented by evaporating the acetone from 

25ml aliquots of the forage extract using a steady stream of 

filtered air just prior to phenol analyses and tannin 

precipitation. The extract was restored to original volume 

with distilled water. Removal of acetone during a 4-hour 

period just prior to analyses did not affect total phenol 

values. 
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Forages of grouse from southeastern states were 

collected for tannin analysis in November and December in 

southwestern Virginia. Samples were immediately freeze-

dried and stored dessicated at 5 C. Forages of grouse from 

northern states were collected in December in central New 

York and frozen.· Frozen samples were transported to VPI&SU . . . . · ...... . 

(without thawing) within 48h.of collection and immediately 

freeze-dried. Forages also. were analyzed for NDS .to compare · 

predicted ME value.s of hand-collected forages with forages·. 

from crops. 

Carcass E'at Analysis 

Gizzards, wings, and central tail feathers of ruffed 

grouse were .collected with crop contents from North 

Carolina. Percent carcass fat for these grouse was 

predicted from the weight of the. fat attached to gizzard 

(GE'W) using the equation described in Chapter 2: 

Carcass fat::;: 19.2[log (GE'W+l)] + 2.2 

Grouse were aged by the shape of the contour of the 9th and 

10th primaries. Sex was determined by the length.of. the 

central tail feather usin.g classification criteria published 

for Ohio (Davis et al. 1969). To improve the accuracy 0£ 

sex classification, data for grouse with tail lengths that 

fell between classifieation division points (3% of 

observations) were not used~ Sex, age, and month 
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differences in predicted carcass fat were tested by ANOVA 

using SAS (Ray et al. 1982). 

RESULTS 

A total of 1005 crops was collected, including 395 

crops from the southeastern states of Virginiai North 

Carolina, and Georgia, 490 from the northern·states of 

Wisconsin, New York, Maine, and Washington, and 120 from. 

West Virginia, Indiana, and Ohio. Thirteen crops collected 

in southeastern West Virginia were included as part of the 

Virginia sample, because these crops were collected in 

counties adjacent to the Virginia collection site~. One 

hundred and sixty (16%) collected crops did not contain food 

material. The distributi'on of collections by county is 

summarized in Appendix Table 3.2. 

Forage Quality 

Analyses of Forages from Crops--Soft fruit flesh had 

relatively low total phe.nol levels and high, but variable ME 

content (Table 3.1). With the exception of rose and 

viburnum, soft fruit flesh had ME levels greater than or 

equal to 50% and 2.50 kcal/g. Mean protein levels of fruit 

ranged from 4. 4-10. 2%, and protein levels and P/E ratio.s of 

fruit were generally lower than other forages. 



Table 3.1. Neutral detergent solubles lNDS), total phenols, metabolizable energy, crt.1de protein, and protein-energy ( P/E} 
ratio lg protein/lOOkcal ME} of.selected forages obtained from crop contents of ruffed grouse. The nunbar ( N} of crop 
samples analyzed precedes values fof n\Jtritional variables. 

·Total Metabolizable Gross. Hetabolizable Crude 
NOS phenols energy energy energy protein 

. ( % } (%) (%) (kcal/g} (kcal/g} (%) 
P/E2 

forage N x SE ){ SE )( SE N >< SE >< SE N >< SE ratio 

fruits 1 

Apple 4 81.1 1.9 2.6 0.9 63 1. 7 4 4.06 0.01 2.54 0.06 4 4.8 1.0 1.89 
Grape 8 . 78.8 1.8 Z.7 0.4 60 1.6 .5 4.11 0.06 2.49 0.05 6 8.7 0.6 3.49 
Greenbrier 4 76.l 2.9 1.2 0.2 59 2 .• 5 4 4.53 0.06 2,68 0.08 4 7.7 1.0 2.87 
Dogwood 4 65.9 1.1 z.o 0.3 50 1.2 4 5.27 0.23 2.63 0.16 4 10.0 1.7 3.80 
Viburnum 3 60.4 .5.0 0.7 0.1 46 4.2 3 4.63 0.11 2.13 0.15 3 4.6 0.6 2.15 
Blackgum 1 82.7 2.5 64 1 4.93 3.16 1 8.1 2.56 
Ha1'1thorn l 80.7 3.7 . 6.1 .l 4.09 2.50 1 4.4 1.76 
Rose 3 66 .. Z 1.8 2.3 0.4 50 1.9 3 4.32 0.04 2.15 0.06 3 10.2 0.3 4.74 
Mountain ash' z 82.3 2.1 3.0 0.0 63 1.8 2 4.39 0.10 2. 77 o.oz 2 6.6 0.3 2.38 0\ 

I-' 
Hap le 5 65.4 2.2 14.9 2.3 38 1.8 5 5.27 0.04 2.01 0.09 5 19.7 3.3 9.80 
Acorn 

I w/o shells ) 2 89.4 3.4 11;1 2 • .5 78 0.2 2 4.54 0.31 3.55 0.18 2 8.0 1.1 2.25 
Acorn 

lw/shells) 2 66.6 1.3 7.9 0.6 57 1.9 2 4. 9.5 0.18 Z.80 0.10 z 7.0 0.2 2.50 
Beechnut 

(w/shells) 3 56.7 5.0 1.4 o.z .53 4.3 1 5 • .50 2.70 z 15.3 1.0 5.67 

leaves, woody plants 

Apple 6 75.5 1.2 5,5 0.6 55 1.2 .5 4.74 0.03 2.64 0.06 6 13.9 0.8 . .5.27 
Quaking aspen 2 n..6 0.4 5.5 1.1 53 1.3 1 5.00 2. 70 1 12.7 4 •. 70 
Greenbrier 8 72.4 1.0 6.7 0 • .5 51 0.6 7 4.74 0.03 2.44 0.02 7 13.1 0.5 5.37 
Laurel 4 70.7 . 1.9 15;5 o.6 42 1.3 3 4.99 0.13 2.11 0.0.5 3 9.2 0.4 4.36 

Leaves, her·baceous olants 

Clover 4 74.6 1.5 2.1 0.3 57 l.l 4 4.28 0.07 2.57 0.08 4 29.1 0.6 11.32 
Mixed-N. Carolina 3 82.l 1.1 3.7 1.6 63 1.0 2 . 4.32 0.04 2.74 0.02 2 21.2 3.6 7.74 
Hixed:-Virginia 6 81.8 2.4 2.9 0.3 63 2.3 4 . 4.28 0.02 2.78 0.11 3 24.5 3.9 8.81 
Mixed-Haine 8 77.0 1.0 2.6 0.6 59 1.0 5 4.49 0.05 Z.69 . 0.09 6 27.l l. 7 10.07 
Hixed-Nei'I York 3 79.8 Z.3 6.2 5.0 58 5.9 1 4.16 2. 77 2 23.1 2.1 8.34 
Nixed-Wisconsin 2 72.Z 1.3 3.4 1.6 54 0.3 1 4.36 2.37 l 26.l 11.01 

I ·1 



Table 3.1. Continued. 

Total Hatabolizable Gross Hetabolizable Crude 
NDS phenols energy energy energy protein 
1%) (%) 1%) lkcal/g) lkcal/g) (%) 

P/E 2 
Foraga N j( SE x SE x SE N j( SE x SE N x SE ratio 

Ferns 

Christmas fern z 47.7 1.0 z.z 0.6 34 0.4 1 4.26 1.45 

Buds fillSf twigs 

Cherry 3 50.Z 0.6 3.6 0.5 35 o.s 4 4.73 0.38 1.65 0.03 4 16.4 z.o 9.93 
Birch 3 48.9 7.7 6.Z 1.5 31 5.9 3 5.03 O.Z8 1.59 0.33 3 11.0 0.9 6.91 
Aspen l 4Z,8 4.4 Z8 1 4.98 1.38 1 15.4 11.16 
Hazelnut l 47.Z 9.4 Z7 l 4.87 l.3Z l 9.9 7.50 

Cai:kins °' N 

Birch 6 57.8 l.5 7.6 0.1 38 0.8 6 5.47 0.48 Z.06 0.05 6 11.9 0.4 5.78 
Hazelnut 6 60.9 1.3 6.9 0•6 41 0.8 6 4.58 0.39 1.89 0.04 6 14.7 0.6 7.78 
Hophornbeam 1 56.0 6.4 37 l 4.86 l.8Z 1 14.0 7.69 

lvaluos for soft fruits are for the fruit flesh only ( i .a. seeds excluded ) • 

~alculatcd from mean HE lkcal/g) and crude protein values. 
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Seeds from the. nine species.of soft fruits iri Table. 3.2· 

.constituted 88% by weight of the seeds of soft fruits found 

in all crops in the study and 92;..99%. of, the seeds of soft 

fruits in crops from southeastern states where fruit use was 

most common. ·.·The predicted ME of ground s;eeds of soft. 

fruits was low, ranging from 12% and .0.53 kcal/g for dogwood 

to 48% and 2.44 kcal/g for honeysuckle,: (Table 3.2). Levels 

QJ total phenols in seeds were generally low ( <4%), except 

for viburnum (8.9%) and honeysuckle (5.1%). Protein levels 

in seeds. were variable and ranged from 3.1% for hawthorn to 

12.7% for greenbrier. The low ME of·seeds substantially 

lowers the ove:rall M:.E content of soft fruits. E'or example, 

seeds of greenbrier, dogwood, grape, and rose compose 

approximately 50% of the fruit dry matter. The range in ME 

values for these fruits is 31-43% when the contributio.n of 

seeds is included, compar.ed to a range of 50-60% for the 

fruit flesh. · 

Acorn meat had the highest ME (78% and 3.55 kcal/9) of 

all forages analyzed (Table 3.1). With shells included, the 

ME of acorn and beechnut samples were within the range of ME 

values. of soft fruits flesh. Aco.rns were not identified to. 

species, but are known to be variable in phenol content 

(Ofcarcik and Burns 1971) and may be variable in ME. 

Beechnut had the highest GE (5.50 kcal/g) of all.forages 

,· .. ·. 



Table 3.2. Neutral detergent solubles !NOS), total phenols, metabolizable energy, gross energy, and crude 
protein content of seeds of selected soft fruits collected from crops of ruffed grouse. The number of 
crop samples analyzed precedes values for nutritional variables. 

Total Metabolizable Gross Hetabol izable Crude 
NOS phenols energy energy energy protein 
1%) 1%) 1%) lkcal/g) lkcal/g) 1%) 

Seed N x SE x SE i< SE N 'j( SE x SE N x SE 

Greenbrier 5 31.3 2.9 0.2 0.1 u 2.5 5 5.00 0.04 1.06 0.12 5 12.7 0.7 

Dogwood 5 20.8 1.6 0.7 0.1 12 1.4 5 4.58 o_.05 0.53 0.06 5 5.7 0.5 

Grape 5 39.1 0.7 3.7 0.3 25 0.8 5 5.56 0.06 1.39 0.05 5 10.0 0.6 

ltawthom 5 25.8 4.7 0.6 0.1 16 4.1 3 4.70 0.06 0.55 0.25 2 3.1 0.5 CJ) 
..i:::. 

Sumac 5 25.4 1.9 1.9 0.2 15 1.8 4 4.87 0.07 0. 75 0.12 5 8.2 0.9 

Rose 5 46.9 1.4 2.5 0.2 33 1.3 4 4.36 0.05 1.46 0.07 5 8.5 0.8 

Viburnum 5 46.4 1.3 8.9 0.9 27 0.5 4 5.42 0.07 1.48 0.03 3 8.6 0.3 

Japanese 
honeysuckle 2 66.9 0.3 5.1 1.8 48 1.3 1 4.94 2.44 

Black QUiii 1 29.4 1.1 19 • 1 5041 0.95 
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tested and a relativel.y high protein content (15.3%). Maple 

fruit had the second highest total phenol content, (14.9%), 

of all forages tested·and the highest protein cpntent 

(19.7%) of all fruits. However, the ME ·of· maple fruit was 

low (38% and 2.01 kcal/g) due to a combination of; low NDS 
. . 

and high total phenols. 

The deciduous leaves of apple, ·aspen,· and greenbrier 

had ME values that ranged from 51-55%,.which was less than 

most soft fruit flesh (Table 3.1). However, the relatively 

high GE content of deciduous leaves resul.ted in ME (kcal/g) ·· 

values similar to most soft fruit flesh. 'Mountain laurel, a 

woody evergreen forage, had a lower ME ( 42%, 2 .11 kc'al/g) 

than the leafy deciduous forages and the highest total 

phenol level (15.5%) of all forages analyzed. Leaves of 

woody plants tended to have higher P/E ratios than most 

fruits. 

Clover was relatively high in ME (57%, 2.57 kcal/g) and 

had the highest protein content (29.1%) and P/E ratio of all 

forages analyzed (Table 3.1). Samples of mixed herbaceous 

leaves were similar to clover in both ME and protein. The 

P/E ratios for herbaceous leaves were higher than most 

fruits, woody leaves, ferns, some buds and twigs, and some 

catkins. Christmas fern had the lowest ME of all _teaf,y 

forages. Christmas fern contained a little more than one- .. 

half the ME (kcal/g) of the mixed herbaceous leaf samples. 
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Th_~ ME of buds and .twigs (27-35%, 1..32-1. 65 kcal/g) was 

lower than all other forage classes, with the exception of 

Christmas fern and some soft f:tui ts with seeds·. The protein 

content and P/E ratios of buds and twigs were variable,. but 

moderately high. Total phenol levels in bud and twig 

samples were variable, ranging from 3.6% for cherry to 9.6% 

for hazelnut. The ME of catkins {37-1*1%,. 1.82-2.06 kcal/g) 

tended to be slightly higher than buds and twigs; but lower . 

. than deciduous leaves and some fruits. Birch .catkins (5.47 

kcal/g) had the highest GE of all forages_ analyzed. Phenol 

levels in catkins were moderate. Mean pr()tein levels ranged 

from 11. 9% for. birch catkins to 14. 7% for hazelnut catkins. 

Ratios of protein to energy in catkins were_ greater than 

fruits and leaves of. woody plants, but less than most 

herbaceous leaves arid some buds and . twigs .. 

Analyses of Hand-Collected Forages--Evergreen leaf 

forages had hig:Q:er levels pf total phenel--s_ (12. 5-;16. 3%) and 

tannin phenols (6.5-7.8%} than all other forages with the 

exception of maple fruit (Table 3.3).· Maple.fruit contained 

an exceptionally high 16.4% tannin. All soft fruit flesh 

contained <2% tannins. Tannin levels in greenbrier and 

honeysuckle leaves were _less than in apple and bigtooth 

aspen leaves. Tannins in buds and twigs were variable 

ranging from 0.6% for aspen twigs to 4.3% for quaking aspen 
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Table 3.3. Percent neutral detergent solubles (NDS), total 
phenols, tannin phenols, nontannin phenols, and 
metabolizable energy (ME) of hand-collected winter forages 
of ruffed grouse in New York or Virginia. 

Forage 1 , 2 

Fruits 
Apple 
Grape 
Greenbrier 
Flowering dogwood 
Multi.flora rose 
Striped maple 

Deciduous leaves 
Apple 
Bigtooth aspen 
Greenbrier 
J. honeysuckle 

Evergreen leaves 
Mountain laurel 
Trailing arbutus 
Wintergreen 
Christmas fern 

Buds and twigs 
Yellow birch b. 
Black cherry b. 
Quaking aspen lb. 
Quaking aspen fb. 
Yellow birch t. 
Black cherry t. 
Quaking aspen t. 

Catkins 
Yellow birch 
Gray.birch 
Speckled alder 

NDS 

90.9 
86.2 
77.6 
72.3 
75.1 
60.8 

77.2 
70.5 
75.2 
79.7 

. 67. 9 
62. 7 
69.l 
64.6 

44.7 
76.4 
44.6 
57.3 
52.5 
52.3 
65.9 

64.3 
65.6 
65.4 

Non-
Total Tannin tannin 

phenols phenols phenols 

1. 5 
4.3 
6.6 
4.5 
2.9 

18.3 

9.8 
10.2 
9.9 
5.3 

16.3 
13.0 
12.5 

. 13 .1 

8.3 
6.4 
7.7 

10.1 
8.1 
8.3 
6.3 

9.0 
8.9 

11.4 

0.2 
1.8 
0.1 
1.9 
1. 6 

16.4 

1.3 
4.3 
0.4 
0.0 

6.7 
7.8 
7.4 
6.5 

2.9 
2.4 
3.1 
4.3 
1.8 
3.7 
0.6 

1.8 
3.4 
1.5 

1.3 
2.5 
6.5 
2.6 
1.3 
1.9 

8.5 
5.9 
9.5 
5.3 

9.6 
5.2 
5.1 
6.6 

5.4 
4.0 
4.6 
5.8 
6.3 
4.6 
5.7 

7.2 
5.5 
9.9 

ME 

72 
66 
56 
53 
57 
31 

53 
47 
51 
59 

39 
37 
43 
39 

26 
55 
26 
35 
33 
3,3 
46 

42 
44 
41 

1 Values for soft fruits are for the fruit flesh only 
(i.e. seeds excluded). 

2Plant part abbreviations: b.=buds, lb.=leaf buds, 
fb.=flower buds, t.=3-5 cm of twigs proximal to buds, 
l.=leaves. 
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flower buds. Tannin levels in catkins were low and within 

the range of values for buds and twigs. 

Total phenols, NDS, and predicted ME values of selected 

forages from crops and hand-collected samples were compared 

with paired-t tests to determine if nutritional 

characteristics of crop and hand-collected forage samples 

were different. .Comparisons were made with fruits of apple, 

grape, greenbrier, flowering dogwood, rose, and maple; 

leaves of apple, greenbrier, and mountain laurel; Christmas 

fern fronds; and yellow birch catkins. Buds and twigs were 

not used in these comparisons because of unknown ratios of 

buds to twigs in crops. Total phenols and NDS levels were 

3.0 and 5.0 percentage units, respectively, greater (P<0.02) 

in hand-.collected samples than crop samples (Tables 3 .1 and 

3.3). However, ME was not different (P=0.28) because 

differences in NDS and total phenols were nearly offsetting 

(i.e. total phenols are subtracted from NOS) in the ME 

prediction equation. 

Regional Food Habits 
and Diet Quality 

Georgia, North Carolina, Virginia.:..-Themonthly changes 

in the foods found in the crops of grouse from these three 

states were similar (Table 3.4), with only a few notable 

exceptions. Soft fruits made up 40-90% of the crop contents 



Table 3.4. foods 'from crops of ruffed grousa collected in ton states during the fall and winter beJ'"eon NovBll!bcr 1981 end February 
1984. Values arG frequency of occurrence I number of crop& I and percent dry weight by forage class. . 

Leaves. 

Deciduous Evergreen 
woody woody Herbaceous Hard Soft Buds and Animal 

No. of plants plants plants Ferns fruita fruits twig;; Catkins NUer 
crops with 

Honth food Freq. ;: freq. ;: freq. ;: freq. ;: Freq. ;: Freq. ;: Freq. ;: Freq. 7. Freq. ;: 

~ 
Nov 5 2 1.1 l 0.1 ... 6.9 l t l 0.'> 3 89.8 1 t 1 1.0 0 0 
llec 14 6 U.3 ' 18.4 9 14.3 6 4.7 1 7.2 4 40.7 6 2.3 0 0 0 0 
Jan 34 11 10.8 14 10.8 22 Z0.8 15 9.9 5 53.4 5 11.8 lZ 1.5 3 1.0 0 0 
Fab 15 4 29.7 7 32.l 9 8.2 7 11.3 z 8.1 0 0 1 5.2 l t 0 0 

u. £fil:2lim 
tlov 43 7 3.2 4 2.6 24 8.3 9 Z.7 8 5.8 26 68.8 9 6.1 0 0 l t 
Dec 42 13 5.8 12 11.3 32 15.9 2Z 10.7 2 0.3 l9 48.7 23 6.5 0 0 0 0 °' .Jan 26 u 5.0 6 13.3 19 5.2: 13 5.3 5 8.6 15 58.7 18 3.1 1 t 0 0 '° Feb 28 10 2.6 11 44.4 18 18.0 13 16.2 5 5.0 5 9.7 ' 3.1 0 0 z t 

~ 
tlov 32 10 3.9 ' l.S 17 2.2 5 1.1 lZ 15.9 ZS 72.Z 9 2.4 2 t 0 0 
Dec 48 ZS 17.1 5 0.7 34 14.l 8 1.1 10 3.9 29 47.9 27 12.0 7 z.a 0 0 
Jat~ 43 20 12.4 7 9.7 26 7.4 16 3.3 3 0.6 21 53.3 26 9.6 4 l.l l t 

l:J. Yi.c9inli 
Oec 9 0 0 l t 2 1.8 2 0.6 l 0.3 5 29.5 6 66.4 l 1.2 0 0 
.Jan 8 l 6.6 2 3.8 2 5.6 6 10.2 l 0.2 3 18.l 7 55.l 0 0 0 0 
Feb 9 3 0.6 2 o.z 3 3.9 2 0.2 l 3.2 8 90.2 4 1.5 0 0 0 0 

Q.l:!ig 
Nov 4 2 0.4 0 0 l 0.3 0 0 0 0 4 99.3 0 0 0 0 0 0 
Doc 11 4 2.5 0 0 3 0.2 5 4.3 0 0 7 92:.5 2 0.3 0 0 0 0 
Jan Z3 5 Z.l 0 0 16 9.8 10 8.3 1 t 18 69.2 13 2.1 3 5.5 0 0 
Fob 13 3 2.9 II 0 9 36.2 5 12.6 l t 7 38.5 6 2.11 0 0 0 0 

!ndiana 
Oct 3 0 0 0 0 0 0 0 0 0 0 2 99.6 1 t 0 0 0 0 
Nov 8 3 0.6 0 0 2 0.4 0 0 0 0 6 97.2 4 1.9 .o 0 0 0 
Dae 3 0 0 0 0 3 7.3 2 5.4 0 0 2 Q6.3 0 0 0 II 0 0 
Jan 3 1 3.0 0 0 l 14.1 l 5.8 1 30.8 z 15.4 l 0.7 l 30.3 0 0 
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Table 3.4. Continued. 

Laavas 

Deciduous Evergreen 
~ woody Herbaceous Hard Soft Buds imd Ani111al 

No. of . plants plants plants Fem• fruits fruit• twigs. Catkins matter l crops with 
Freq. ;I, 

j. 
Honth food freq. ;I, Freq. ;I, freq. ;I, freq. ;I, freq. ;I, Freq •. ;I, freq •. ;I, freq. ;I, 

tlm:i YJ!d 
Sap 4 1 lZ.7 0 0 1 11.1 0 0 4 21.9 .. , 2 64.6 0 0 0 Q 1 0;2 
Oct 31 8 20.3 1 o.z 13 7.9 3 0.5 8 4.0 17 32.7 11 26.li 2 3.1 6 2.6 ;T-

Nov 2o .0 0 0 ·o 14 a.1 8 0.6 3 9.1 5 12.8 li 21.3· 5 47.5 6 li.3 
i 

Dec 17 2 1.2 0 ·O 1Z 1.2 3 0.8 u. 3i.9 4 18.6 15 29.7 l 6.2. s 3.0 
Jan 14 1 t 0 0 4 1.7 2 0.9 i 11.8 4 42.4 9 ·.37•1 2 5.2 0 0 
Feb 9 0 0 0 0 3 2.6 l 0.6 0 0 3 6.3 8 62.2 4 28.2 3 t 

~is~osin 
Sep 27 2 il.3 0 0 2 0.3 l t 10 72.7 11 19.7 0 ii l o.8 1 t -...J Oci 42 6 . 3.4 1 t 22 6.;$ .& 1.3 ' 1'.2 U: 38,3 19 4.2 20 28.2 0 ci 0 
Nov 11 1 1.2 0 0 10 22.1 4 2.2 1 2.6 4 17,4 6 5.6 7 43;8. 1 t 

l:!asbiDS1i!2D 
·Sop 19 5 4.0 0 0 13 15.9 0 0 l 0.2 16 7'i.1 2 t 0 0 3 0.4 

Oct 2 0 0 0 0 1 1.5 0 0 1 18.2 2 52;6 l 11.4 0 0 0 0 
Nov 4 0 0 0 Ii 2 5.8 0 0 0 0 4 .. 54.9 0 0 0 ii 1 0.1 

l:IUoo 
Oct 178 80 25,S 1 t 90 10.3 9 t 59 15.8 69 25.6 65 8.1 50 11.7 19 t 
Nov 19 4 .1.9 1 0.2 12 6.4 1 t . 7 29.4 16 55.5 14 5.0. 1 t 5 t 
Dec 14 1 2.1 0 0 9 10;6 3 1.8 6 15.0 5· ·4.o 12 27.3 5 39.0 2 t 

lDi ffarenca between the sua .of percentages in a month. and 100;1, aqualm the percentage of. unidenU f iad foods fl'Olll. crops. 
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from November to January in all three states, except for 

January in Georgia. In that month hard fruits were used 
----~-----·-..-~, 

heavily in Georgia (33.4%). Fruits of grape, greenbrier, 

flowering dogwood, and oak were the most commonly used 

fruits (see Appendix Table 3.3 for data on species 

composition of forages identified in crops). In Georgia and 

North Carolina, the leaves of evergreen woogy plants, ferns., 

and leaves of herbaceous species tended to increase in crops 

as fruits decreased. Evergreen leaves (93% and 56% mountain 

laurel in Georgia and North Carolina, respe~tively) and 

ferns (96% and 53% Christmas fern in Georgia and North 

Carolina, respectively} made up 43.4% of the crop contents 

in Georgia and 60.2% in North Carolina in February. Buds 
~------~ 

a~<:!_ __ ~w.j._g_~L-.W.e.r.sL_I.!~2re _ _£.9.JnrnS;m .. j, n crop contents from Vi rgi ni a 

than in those from Georgia and North Carolina. 

The ME of crop contents from Georgia increased as soft 
"'\.::' 

fruits declined in importance and reached a high of 54-55% 

and 2.49-2.56 kcal/g in January when acorns and herbaceous 

leaves were the most common food items (Figures 3.1 and 

3.2). In months when soft fruits composed >50% of the crop 

contents in Virginia and North Carolina, ranges of monthly 

ME estimates varied from lows of 33-40% and 1. 59··1. 89 kcal/g 

to highs of 39-45% and 1.77-2.08 kcal/g.. In February, when 

evergreen leaves and ferns were commonly eaten, the ME of 
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are weighted means and standard errors of weighted means. 
Number of crops analyzed is in·parentheses. 
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grouse collected in ten states from 1981 to 1984. Values 
are weiqhtedmeans and stan<;l.ard errors of weighted means. 
Number of crops analyzed is in parentheses. 
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diets in Georgia (48%, 2.26 kcal/g) and North Carolina 

(44-45%, 2.03-2.10 kcal/g) were similar. The decline in 

estimated ME in North Carolina from November to January can 

be attributed in part to the greater use of dogwood fruit in 

December and January. The seeds of dogwood have a low ME 

(12%). The low dietary ME during the fall in all three 

states is largely the result of the low ME of seeds of soft 

fruits. However, the monthly ME values of the nonseed 

portion of the crop contents were relatively high (49-57%, 

2.26-2.65 kcal/g) and tended to remain fairly constant or 

decline slightly from November to January in Georgia, North 

Carolina, and Virginia (Appendix Tables 3.4 and 3.5). 

Total phenol levels in crop contents increased from 

November to January as a result of the dietary shift from 

soft fruits which are low l.n phenols to evergreen leaves, 

which are high in phenols (Figure 3.3). The 8.1% total 

phenol levels found in Georgia and the 9.1-9.6% level for 

North Carolina in February were the highest monthly 

estimates for all states. Total phenols were <5% in 

Virginia because soft fruits predominated in the diet in all 

months. 

Protein (%) levels {Figure 3.4) in crop contents and 

ratios of protein to ME (Table 3.5) were relatively similar 

among months from December to February in all 3 states. 
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Table 3.S. Ranges o.f ratios of crude protein to metabolizable 
energy (g protein/100 kcal ME) in foods from crops of ruffed 
grouse collected in nine states betwee~ Novembe~ 1981 and 
February 1984. 

State Sep Oct Nov Dec Jan Feb 

Georgia 3.1..;.4.9 4.9-5;1 3.8-4.o· 5.1 

North Carolina s.1-5.5 5.6-6.0 4.9-5.5 S.3-5.5 

Virginia 3.3-4.4 5. 1-.6 .o 5.5-5.9 

West Virginia 7.2-7.4 7.3-8.0 3.8-5.5 

Ohio 3.7-4.7 4.0-4.9 5.0-5.1 6.8-6.9 

New York 3.S 7.2-7.3 8.5 10.6-11.2 5.2-5.4 8.4-8.5 

Wisconsin 3.0-3.l 5.6-5.8 .7.5-7.6 

Washington 5.5-5.7 

Maine S.l-5.2 2.S 8.0 
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February values for protein were 11.6% and 10.8-11.5% in 

Georgia and North Carolina, respectively, when evergreen 

leaves were the most common foods eaten. 

New York, Wisconsin, Maine, and Washington-- In New 

York, buds, twigs, ·and catkins made up the major portion of 

the winter diet (Table 3.4). Birch, aspen, hazelnut, and 

cherry buds occurred in relatively similar amounts except 

for February when cherry made up 89% of the buds and twigs. 

Yellow birch made up 79% of the catkins found in November, 

whereas hazelnut made up 100% of the catkin forage class in 

February. Apple and/or viburnum were the most common soft 

fruits found in September and December. The 42.4% value for 

soft fruit in January was largely the result of two crops 

that contained large amounts of viburnum fruit. Evergreen 

leaves and ferns were found in only trace amounts (Table 

3. 4) . 

The ME in crop contents from New York declined from 58% 

and 2.49 kcal/g in September to approximately 36% and 1.67 

kcal/gin February (Figures 3.1 and 3.2). Phenol levels 

were highest in November ( 6. 3i~) when maple seeds ( 14. 9% 

phenols) were common and in February (6.3-6.4%) when buds, 

twigs, and catkins made up 90.4% of the diet (Figure 3.3). 

Protein increased from 8.7% in September to >19% in December 

and was low in January (Figure 3.4). The high protein level 
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of December was largely the result of maple fruit 

(protein=19.7%), and the low level in January was the result 

of the low protein content of soft fruit. The protein 

content of the buds, twigs, and catkin diet of February was 

relatively high (13.8-14.3%). 

In Wisconsin, hard fruits (90% acorns) made up 72.7% of 

the crop contents in September (Table 3.4). Catkins and 

herbaceous leaves became more important in the diet as 

fruits decreased. Hazelnut made up 76% of the catkin forage 

class in October and 87% in November. Dietary·ME (53-54% 

and 2.70 kcal/g) was highest in September when acorns were 

common in crops (Figures 3.1 and 3.2). Total phenol levels 

decreased slightly from September to November. Protein 

levels in November (14.9-15.4) were nearly double those of 

September (Figure 3.4). 

Soft fruits (68% apple) and deciduous leaves (85% 

·apple) were of equal importance (>25%) in the diet of grouse 

in October in Maine (Table 3.4). Hard fruits (77% acorn) 

and soft fruit (99% apple fruit) made up a total of 85% of 

the crop contents collected in November, whereas buds, 

twigs, and catkins were most important in December. The 

catkin forage class in December was composed of 41% birch 

and 59% hophornbearn; 
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The ME levels in crop contents from Maine increased 

from 53% and 2.40-2.43 kcal/gin October to 67% and 3.00 

kcal/g in November and then decreased to 38% and 1 .. 86-1. 88 

kcal/gin December (Figures 3.1 and 3.2). The ME estimates 

for Maine in November were the highest monthly estimates for 

all states and the result of the presence of large 

quantities of highly digestible apple fruit and acorns. 

Both total phenol and protein levels decreased from October 

to November as a result of the low levels of phenols and 

protein in apple fruit (Figures 3.3 and 3.4), but increased 

again in December when buds and twigs were common in crops. 

The greatest P/E ratios for all states were found for months 

when buds, twigs, and/or catkins were the primary forages 

(Table 3. 5) . 

A regional comparison of diet quality was made for 

crops collected within the state of Maine. The food habits 

and diet quality of grouse that were known to have been 

collected in northern forested areas of Maine were compared 

with data for grouse known to have been cbllected from more 

disturbed habitats or agricultural areas of southern Maine. 

Crops from the southern region came from the coastal 

counties of Cumberland, Kennebec, Sagahahoc, and Waldo. 

Crops from the northern region were from forested areas of 

Aroostock and Somerset counties. Crops £rom the southern 
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region contained mostly fruits in October and November, 

whereas crops from the northern region had less fruit and 

more buds, twigs, and. catkins in October (Table 3·. 6). The 

ME .of the diet of grouse from northe.rh forested habitats in 

October (47%) was 21 percentage units less than tne ME in 

the southern region. Protein levels were high in October in 

the northern region (17.4%) and in December in the southern 

region (19.3%) when leaves, buds, twigs, .and catkins made up 

the majority of the crop contents. Protein levels were 

lowest in crops c.ollected in .October ( 9. 5%) and November 

(8.3%) in the southern region when fruits.predominated. 

Most of the crops from unknown habitats probably came from 

areas similar to the southern region because of the 

similarity of food habits data for the southern region and 

the overall state-wide collection. 

Soft fruits composed most the small number of crop 

contents collected in Washington (Table 3.4). As a result, 

total phenol levels were relatively low (2.5-6.4%, Figure 

3.3), and ME values (39-55%, 1.70-2.32 kcal/g) for the crop 

contents were similar to ranges of values for other crop 

collections composed of soft fruits (Figures 3.1 and 3.3). 

Ohio, West Virginia, ·Indiana-- In contrast to Georgia, 

North Carolina, ·and Virginia, evergreen leaves were found in· 

few crops from these east-central states. Ferns were still. 



Table 3.6. Percent composition of foods in crops by forage class and the metabolizable energy and crude protein content 
of foods from crops of grouse collected in northern forested and i;.outharn agricultural areas of Maine during the 1982-83 
and 1983-84 hunting seasons. 

1 2 Crude2 2 
No. of Food habits HE ME protein 
crops. (%) I Kcal/g) 
with 

Month food .OHL EHL HL FN HF SF BT CA AM x SE N x SE N x 

Northern 

October 63 lZ.3 0 23.5 0.1 Z0.7 4.4 13.6 19.4 t 46 z.o 53 z.zo 0.08 43 17.4 

Southern 

October 18 34.5 0 z.o t 44.5 17.6 0.5 o.z 0.3 67 3.3 17 3.17 0.05 lZ 9.5 

November 12 0.9 0 10.6 0 lZ.4 70.1 3.7 0.1 0.1 63 Z.4 12 2.66 0.16 12 8.3 

December 7 14.4 0 43.4 10.4 0.6 18.4 lZ.6 0 0.3 53 3.7 6 Z.30 0.14 5 19.3 

1ol'IL=leaves of deciduous woody plants, EHL=leaves of evergreen woody plants, HL=leaves of herbaceous plants, 
FN=lorns, HF=hard fruit, SF=soft fruit, BT=buds and twigs, CA=catkins, AM=animal matter. 

Minimum and maximum estimates differed by less than 1%s therefore., only maxi111U111 estimates are reported. 

(%) 

SE N 

1.3 44 

1.5 13 

3.3 12 

0.8 6 

00 
N 
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found in substantial quantities (>10%) in some months. Buds 

and twigs were utilized heavily in West Virginia, but were 

found only in small quantities in Ohio. 

In Ohio, soft fruits declined in importance during the 

fall and winter, but still were the forage class taken in 

the greatest amount in all months. (Table 3.4). Grape, 

dogwood, and greenbrier were the most common fruits in 

November and December, while rose fruit and to a lesser 

extent honeysuckle and sumac ff"ui t predominated in crops in 

January and February. Herbaceous leaves were more common in 

crops as fruits declined in January and February. Ferns 

made up 12.6% of the crop contents in Ohio in February, but 

evergreen leaves of woody plants were not found in crops. 

Most crops were collected in southeast Ohio, and the high 

use of fruits and leaves was consistent with a previous 

report on food habits of grouse in that region of the state 

(Stoll et al. 1980). 

Dietary ME increased from November to February in Ohio 

as the influence of low digestible seeds of soft fruits 

decreased (Figures 3.1 and 3.2). However, monthly ME values 

for the nonseed crop .contents remained stable ( 56-60%, 

2.51-2.66 kcal/g) from November to February (Appendix Tables 

3.4 and 3.5). Total phenol levels were low (<4%) as a 

result of the high use of soft fruits (Figure 3.3). Protein 
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levels increased substantially from November to February 

(Figure 3.4) as levels of high protein herbaceous leaves 

increased in the diet and to a lesser degree the late winter 

use of rose fruit, which has a higher protein content than 

grape and greenbrier fruit. The P/E ratio in Ohio in 

February also was greater than ratios in Georgia and North 

Carolina because of the low use of low protein evergreen 

leaves and the high use of high protein herbaceous leaves in 

Ohio (Table 3.5). 

In West Virginia, buds and twigs occurred in the 

majority of crops and made up over 50% of the crop contents 

in December and January (Table 3.4). Cherry spp. made up 

90% of the buds and twigs in December, while birch spp. were 

the most common buds (85%) in January. Greenbrier, grape, 

viburnum, and dogwood made up a total of 86% of the fruits 

in crops in February. The shift in the crop contents from 

buds and twigs of birch and cherry in December and January 

to soft fruits in February was likely due to differences in 

monthly collection locations. Most crops collected in 

December and January were from grouse taken in Preston and 

Randolph counties, which are located in a high elevation, 

northern hardwood forest type (Shrauder 1984). All crops 

from February were collected in Monongalia county, 

characterized by the more common mixed oak/hickory forest 
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type. Dietary ME in West Virginia was relatively low in 

December and January ( 34-39%, 1. 56-1.91 kcal/g) as a result 

of the low ME of buds and twigs (Figures 3.1 and 3.2). The 

ME levels for February were similar to estimates for high 

fruit diets from more southern states. Protein estimates 

ranged from 11.2-14.1% in December and January and were 

lower in February {Figure 3.4). 

Soft fruits (66-100% dogwood) made up nearly all of the 

crop contents collected from October to December in Indiana 

(Table 3.4). As in southeastern states, ME (27-39%, 

1.40-1.86 kcal/g) and total phenols (0.6-3.0%} were low when 

soft fruit use was high (Figures 3.1, 3.2, 3.3), but the 

monthly ME values for the nonseed fraction of the crop 

contents was high and declined gradually from 56% and 3.13 

kcal/gin October to 46%.and 2.38 kcal/gin January 

(Appendix Tables 3.4 and 3.5). 

Carcass Fat of Grouse 
from Noith Carolina 

There was not a difference (P=0.40) nor a consistent 

trend in predicted carcass fat between adult and juvenile 

ruffed grouse (N=ll8) collected in North Carolina and no 

significant interactions (P>0.10) among age, sex, and month; 

therefore, carcass fat data of adults and juveniles were 

pooled within sex in Table 3.7 because of small sample sizes 



86 

Table 3.7. Predicted carcass fat (%) levels of 118 ruffed 
grouse collected in North Carolina from Novelnber 1981 to 
February 1984. 

Females Males 

Month x SE N x SE N 

November 9.3 1.0 25 8.5 0.7 18 

December 13.2 1. 7 22 9.8 1.2 20 

January 9.7 2.2 8 9.1 1.5 12 

February 9.8 1. 7 9 5.0 1.3 4 
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in some months. However, conclusions concerning age effects 

must be made with caution because of the potential for 

errors in age determination. Female grouse had higher 

(P=0.04) predicted carcass fat levels than males. There was 

a marginally significant difference (P=0.058) among months. 

Mean values for both males and females tended to increase 

from November to December and decrease after December. 

DISCUSSION 

Forage Quality 

Analyses of forages from crops was a satisfactory 

method of collecting information on forage quality. Total 

phenols and NDS in forages from crops were slightly less 

than those of hand-collected forages; however, because both 

NDS and total phenol levels in forages decrease in crops, 

i.e. phenols are components of NDS, the effects on ME 

estimates were minimal (see Chapter 1). Lower levels of NDS 

and total phenols in crop contents may have been the result 

of grouse selecting forages lower in phenols, the oxidation 

(loss) of phenols in the crops of the live grouse, or the 

oxidation cf phenols as a result of freezing and thawing of 

crop samples during shipment (see Chapter 1). Some amount· 

of phenol loss may be inevitable when crop samples are used. 

Even though total phenol levels in samples from crops 

tended to be less than in hand~collected forages, relative 
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differences between forage types were consistent. For 

example, soft fruits had the lowest total phenols and laurel 

leaves and maple fruit had the highest total phenol levels 

in both crop and hand-collected samples. The only 

significant exception was Christmas fern. Two crop samples 

of Christmas fern had substantially lower NDS and total 

phenol levels than hand-collected samples. However, based 

on the overall consistency in total phenol levels of crop 

and hand-collected samples, the monthly trends in total 

phenols in crop contents are representative of trends in 

grouse diets except that absolute levels may be 

underestimated. 

Only the ME of apple fruit was substantially lower (9 

percentage units) in crop samples than in hand-collected 

samples; however, the apple fruit in crops typically 

contained large amounts of the fruit epidermis, which may 

have been the cause of the lower NDS levels in those 

samples. 

Protein levels in hand-collected forage samples were 

not measured for comparison with crop samples; however, the 

protein levels of forages from crops agreed closely with 

previously reported data for the same or similar species. 

The medium protein levels for catkins (11.9-14.7%) foµnd in 

the present study are similar to reported values for 
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hazelnut (15.0%,; Triechler et al. 1946; 15.2%, Huff 1970), 

alder (16.6%, Triechler et al. 1946), and yellow birch 

(14.4%, Bump et al. 1947:846). The variability in the 

protein content of tree buds also is consistent with 

literature reports. Reported protein values range from lows 

of 7.8%, 8.0%, and 9.3% for serviceberry buds (Triechler et 

al. 1946), apple buds (Huf£ 1970), and yellow birch buds 

{ Triechler et al. 1946), re spec ti vely, to highs of 10. 1% for 

yellow birch buds {Bump et al. 1947:846), 11.4-12.9% for 

quaking aspen flower buds (Hill et al. 1968, Huff 1970, 

Doerr et al. 1974), 14.0% for willow buds (Doerr et al. 

1974) and 18.4% for black cherry buds (Bump et al. 

1947:846). -Specific comparisons of these data with 

estimates for buds and twig samples from the present study 

were not possible because of the unknown ratios of buds to 

twigs in crops; however, protein levels in crop samples were 

generally in the above range. 

Mountain laurel leaves, the only evergreen forage for 

which protein was measured in the present study, contained 

9.2% protein. This low value is similar to the 9.9 and 8.2% 

mean values reported for mountain laurel leaves collected on 

burned and unburned forest stands, respectively, in Georgia 

(Thackston et al. 1982). Triechler et al. (1946) similarly 

found low protein levels in leaves or fronds of mountain 
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laurel (8.1%), wintergreen (6.1%), trailing arbutus (9.2%), 

Christmas fern (10.3%), partridgeberry (8'.4%), and galax 

(9.2%), all evergreen species. 

High protein levels have been reported for some 

herbaceous forages used by grouse. Bump et al. 

{1947:846-847) reported that protein levels of clover and 

J'dandelion leaves were 17-24% and 25%, respectively. Protein 

levels of mixed herbaceous leaf samples analyzed in the 

present study were within this range. 

Concern about amylase contamination in crop contents 

and the potential effects on measured protein levels 

prompted some researchers in the past to correct crude 

protein values of forages from crops for nitrogen 

contamination (Moss 1972, Doerr et al. 1974). However, the 

close agreement between protein levels in crop samples in 

the present study and protein values found by other 

researchers for hand-collected forages indicates that 

nitrogen contamination generally was not a serious problem. 

Also, t~e wide range of protein levels found in forages from 

crops indicates that contamini9.tion was not sufficient· to 

mask differences between forages. Doerr et al. (1974) 

corrected protein data a small amount by substracting a 

constant 0.1 percentage unit from crop content nitrogen 

values prior to calculating protein. A constant torrection 
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does not seem justified because contamination in.crops is 

likely influenced_ by the type of forage, the amount of 

forage in the crop, and the length of time the material l.s 

in the crop. 

In conclusion, leaves of evergreen woody plants appear 

to be the poorest quality forages for ruffed grouse because 

of low ME and protein levels and high total and tannin 

phenol levels. Buds and catkins also have a low ME content, 

but in comparison to evergreen leaves they are higher i.n 

protein and lower in tannin phenols. Only herbaceous leaves 

contciined high ME and protein and.low levels of phenols. 

Soft fruit flesh was high in ME and low in protein and 

phenols. However, the ME of seeds of soft fruits was low. 

This information is useful for defining forage classes 

in future grouse food habits and nutrition studies. 

Optimally I all species in a forage class should be. similar 

in chemical composi ti.on and, therefore, in nutritional 

quality. In the past, researchers in the S9utheast have 

classified forages in groµse crops a~ leaves of woody 

plants, herbaceous leaves, soft fruits, or hard fruits. 

Leaves.of evergreen woociy plants clearly shouid be 

. partitioned into a separate forage class because of their 

high total and tannin phenol levels. Christmas fern, a 

.common winter forage of grouse in the Southeast (Stafford 
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and Dimmick 1979, Seehorn et al. 1981) is usually classified 

as an herbaceous plant; however, Christmas fern is similar. 

in quality to evergreen leaves of woody plants; Data on 

in<;a vi dual herbaceous .species were not collected in the 

present s·tudy; .however, separating the herbaceous leaf 

forage class into evergreen and non.evergreen forbs may be 

justified. For example, galax, by definition a herbaceous 
. . 

forage, is low in protein (Trei~hler et al.. 1946) and high 

in tannin phenols (see Chapter 5). Galax was not identified 

in crops in the present study, but has been reported 

previously (Nelson et al. 1938). 

Of the many forages used by ruffed grouse in winter, 

only aspen buds have received extensive study in the past 

(Hill et al. 1968, Huff 1970, Svoboda and Gullion 1972, 

Doerr et al. 1974). Quaking aspen flower buds are believed 

to be highly nutritious for ruffed grouse and great~r in 

nutritional quality than other buds and catkins (Gullion 

1966, Gullion 1970, Svoboda and Gullion 1972). Only one 

crop containing sufficient aspen flower buds (species 

unidentified) for separate analyses was obtained in the 

present study. Based on the data for this crop sample, the 

data on the hand-collected.quaking aspen flower buds, and 

the reports in the literature, the nutritional quality of 

aspen.buds does not appear to be substantially greater than 
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other buds and twigs or catkins. The ME and protein levels 

of aspen flower buds were within the range of values for 

other buds and catkins, and tannin levels in aspen buds were 

higher than in catkins and most other buds. 

Other data corroborate the observation that aspen 

flower buds are low in ME. Huff (1970) found that aspen 

flower buds collected from trees that were known to be fed 

on by ruffed grouse had an acid detergent fiber (ADF) 

content of 51%, which is equivalent to 49% acid detergent 

solubles (100 - ADF). A forage with a NDS content of 49% 

and total phenols of 0% would have a predicted ME of 40%. 

However, NDS is always less than ADS in forages, and the 

total phenols in the buds collected by Huff (1970) were 

likely greater than 0%. Therefore, the predicted ME of the 

aspen flower buds collected by Huff (1970) would be less 

than 40% and in the range of ME values of other buds and 

twigs and catkins. Also, Svoboda and Gullion {1972) noted 

that ruffed grouse consume large ~mounts of aspen buds daily 

during the winter. A high intake also is indicative of a 

low energy food. Any nutritional advantage for grouse 

feeding on aspen flower buds may simply be the result of the 

large size and relatively high accessibility of this forage. 

(Svoboda and Gullion 1972). 
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Food Habits--In general, food habits data were 

consistent with previous reports. Nearly all studies in the 

Southeast have noted a high use of fruits; however, the 

measured use has been variable (Stafford and Dimmick 1979, 

Seehorn et al. 1981, Norman and Kirkpatrick 1984). The low 

use of buds and twigs and the high use of ~yergreen leaves 

in winter in the Southeast also has been reported.(Stafford 

and Dimmick 1979, Seehorn et al. 1981). However, these 

earlier reports did not partition evergreen species 

separately in food habits analyses. Smith (1977) found that 

laurel leaves made up 31. 2% of the volume of foods from 83 

crops collected in Georgia from November to February, and 

leaves or fronds of laurel, Christmas fern, trailing 

arbutus, and rhododendron (all evergreen species) made up a 

total of 48% of the volume of all crop contents. This level 

of evergreen leaf use was greater than levels of use found 

in Georgia and North Carolina crop collections in the 

present study. 

Use of buds qf black cherry, yellow birch, and hazelnut 

and catkins of yellow birch, hazelnut, and hophornbeam by 

grouse collected in the present study was generally 

consistent with previous reported usage; (Brown 1946, Bump 

et al. 1947, Vanderschaegan 1970, Woehr and Chambers 1975); 
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however, the low use of aspen buds in northern states was 

unexpected based on previous reports (Darrow 1939, Kittam 

1943, Brown 1946, Bump et al. 1947, Vanderschagean 1970, 

Doerr et al. 1974). The highest recorded use for aspen buds 

in the present study was 14.2% for 19 crops collected in 

December in New York. Crop contents collected later in the 

winter in Maine and Wisconsin may have contained more aspen; 

however, the time of collection was not the sole reason for 

the absence of aspen buds in samples. High use of aspen 

buds in October has been previously reported (Brown 1946, 

Stollberg and Hine 1952). Svoboda and Gullion (1972) stated 

that male ruffed grouse in Minnesota were eating primarily· 

. male aspen flower buds by the end. of October. Also, buds 

and catkins of other species were found in large quantities 

in crops of grouse in the fall and early winter in the 

present study and presumably aspens could have been fed upon 

as well if they were available. 

Metabolizable Energy.--In the Southeast, grouse were 

consuming large amounts of poorly digested ~eeds of soft 

fruits during the fall. As a result, there was a pattern of 

increasing dietary ME during the fall as soft fruit use 

declined. However, despite their low ME content, soft fruit =-
diets in the Southeast are apparently energetically adequate 

for ruffed grouse. Norman and Kirkpatrick (1984) found that 
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body fat levels of ruffed grouse in Virginia were high in 

early fall when hard and soft fruits made up the majority of 

the diet and fat levels increased further in the early 

winter when soft fruits comprised a majority of their diet. 

Predicted carcass fat levels of the ruffed grouse used for 

food habits analysis in North Carolina also tended to 

increase .from November to December when soft fruits made up 

the majority of the crop contents and the ranges of 

estimated dietary ME were low. Maintenance or accumulation 

of body fat by grouse on diets of soft fruits in Virginia 

and North Carolina suggests that these diets are 

energetically adequate. Monthly ME values for the nonseed 

portion of the crop contents were relatively high and stable 

during November-January in Georgia (55-57%), North Carolina 

(49-53%), Virginia (49-57%), and Ohio (56-60%) when soft 

fruit use was high (Appendix Table 3.4). The ease of 

foraging on highly clustered fruits such as grape, 

greenbrier, and rose, and the high digestibility of fruit 

flesh probably offsets the concomitant ingestion of 

substantial quantities of poorly digested seeds. 

Diets of buds, twigs, and catkins of grouse in northern 

states tended to have a lower ME content than diets of 

predominately evergreen leaves and ferns in southeastern 

states. For months in which buds, twigs, and catkins made 
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up >50% of the crop contents in New York (November and 

February) and Maine (December), ME estimates ranged from 

35-38% and 1.62-1.95 kcal/g. The lowest ME estimate 

(35-36%, 1.62-1.67 kcal/g) for these samples was found in 

February in New York when the crop contents contained 62.2% 

buds and twigs and 28.2% catkins. Also, ME estimates for 

crop contents collected in West Virginia in December (66.4% 

buds, twigs, and catkins) and January (55.1% buds, twigs, 

and catkins) had a similar range (34-39%, 1.56-1.91 kcal/g). 

The predicted ME values for November in Wisconsin (42-44%, 

1.96-2.04%), when use of buds and twigs was low (5.6%) and 

catkins made up 43.8% of the crop contents, was slightly 

greater than the above ranges. In contrast, dietary ME in 

February in North Carolina (44-45%, 2.03-2.10 kcal/g) and 

Georgia (48%, 2.26 kcal/g) tended to be higher than the 

estimates for diets of buds, twigs, and catkins in the North 

with the exception of Wisconsin. 

The nutritional significance of this regional 

difference in dietary ME in winter is difficult to evaluate 

because little is known about ruffed grouse energetics and 

foraging ecology. Reports of ruffed grouse subsisting 

primarily on a diet of buds, twigs, and catkins in the 

winter in the northern region are numerous (Brown 1946, Bump 

et al. 1947:215, Vanderschaegan 1970, Woehr and Chambers 
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1975). The fact that grouse populations. reach their highest 

densities in this.part of their range suggests that grouse 

are well adapted to low energy winter diets. 

Phenols.--Total phenols tended to be greater .in 

everg:reen leaf diets of the Southeast (February) than in 

bud, twig; and catkin.diets of the North. More importantly 

it appears likely that tannin phenols may be substantially 

higher in diets of grouse in the Southeast because .evergreen 

leaves were found to be consistently higher in tannin 

phenols than buds, twigs, and catkins. Tannins are toxic to 
.. ,· .. . 

a variety.of animal species (McLeod 1974, Lindroth and 

Batzli l984), and many effects of tannins occur at low 

dietary levels. Tannin.levels of 1% reduce growth rates in 

chickens (Armstrong et al. 1974, Fuller et al. 1967). 

Lindroth and Batzli (1984) reported that qu'ebracho, a 

condensed tannin, fed at 1% of the diet inhibited feeding 

and resulted in the death of prairie voles. These authors 

also found that quercetin (a flavonoid) and tannic acid (a 

hydrolyzable tannin) added to diets at 3% levels reduced 

growth rates of.voles on low protein diets. Tannin phenol 

levels in evergreen leaf forages (6-8%), therefore, are high 

enough to potentially have an effect on grouse nutrition. 

[.1eaves of mountain laurel and related species are known 

to be toxic to many species, including man, when eaten in 
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large quantities (Hardikar 1922, Waud 1940, Kingsbury 1964). 

The toxin, apparently present in the resin of leaves and 

twigs, is a diterpenoid grayanotoxin, also known as 

andromedotoxin and ac~tyandromedol (Sukata et al. 1977, 

Mancini and Edwards 1979, Sakakibara et al. 1979). Symptoms 

of poisoning include vomiting, slow pulse, convulsions, 

paralysis, and death in some instances (Hardiker 1922, Waud 

1940). 

The effects of this toxin on wild vertebrate herbivores 

has received little study. Forbes and Bechdel (1931) 

reported that a single force-feeding of dried, ground 

mountain laurel leaves to a white-tailed deer at a rate of 

1.75% of body weight resulted in death (unspecified time). 

A second deer force-fed laurel at a rate of 1.29% of body 

weight was in critical condition within a few hours, but 

recovered a few hours later. Both deer exhibited symptoms 

of andromedotoxin poisoning. Deer provided with diets of 

either fresh laurel or rhododendron leaves for 45 days in 

February and March after being allowed to eat both species 

free-choice for 49 days while on a grain diet reportedly 

became thin and weak. The authors believed insufficient 

intake was the cause; however, intake was not recorded. 

Bump et al. (1947) attempted to maintain two captive ruffed 

grouse on a diet of mountain laurel leaves after allowing 
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them to freely supplement their normal daily ration with 

fresh laurel leaves for 4 weeks. Both birds died 

(unspecified time), apparently from malnutrition on the 100% 

laurel diet; howe~er, the authors presented insufficent 

information to fully evaluate the experiment. During the 

present study, four captive ruffed grouse were maintained 

for 2 weeks on a mixed diet consisting of 30% dried, ground 

mountain laurel leaves and 70% commercial feed (maintenance 

diet described in Chapter 1) without ill-effects or 

significant body weight changes (unpublished data). Captive 

grouse also were fed a diet containing 50% dried, ground 

laurel leaves for 7 days in metabolism trials (see Chapter 

1); however, birds reduced intake a.nd did not maintain body 

weight (Appendix Table A.1). These toxins apparently can be 

tolerated at low to ntoderate levels of intake; Al though the 

experimental evidence is weak, the fact that high intake of 

laurel can cause mortality in white-tailed deer poses 

questions as to the adequacy of laurel as a long.:..term winter 

food resource for grouse. 

Protein.--Protein levels in bud, twig, and catkin diets 

in New York, Maine, and Wisconsin (range: 13.8-16.7%) tended 

to be greater than those in late winter diets of primarily · 

evergreen leaves in Geo~gia (11.6%) and North Carolina 

( 10. 8-11. 5%). This regional diff.erence is consistent with 
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the high protein levels of buds and catkins and the low 

levels in evergreen leaves described earlier. Also, ratios 

of protein to energy generally were lowest in soft fruit 

diets and highest in bud, twig, and catkin diets. Monthly 

crop samples from northern states containing >50% buds, 

twigs, and catkins had P/E ratios 40-60% greater than 

February diets in Georgia and North Carolina, suggesting 

that protein intake in winter is substantially higher in 

northern areas. The higher P/E ratios in northern states 

are due to a combination of greater dietary protein and less 

dietary ME than found in diets in the Southeast. 

High tannin levels in diets in the Southeast may 

further widen the differences in the protein available in 

typical winter diets in the North and Southeast. Protein 

digestibility is reduced by dietary tannin in the chicken 

(Nelson et al. 1975), prairie vole (Lindroth and Batzli 

1984), and snowshoe hare (Sinclair et al. 1982). High 

tannin levels in late winter diets in the Southeast may 

reduce protein digestibility, 

Lindroth and Batzli (1984) reported that quercetin and 

tannic acid reduced growth rates of voles only when they 

were fed in combination with low protein (8%) diets. If 

there is an interaction between dietary protein and tannins 

in grouse nutrition, the combination of low protein and high 
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tannin levels in evergreen leaves would have the most 

detrimental effects on grouse, whereas the effects of 

tannins· in buds and catkins may be partially reduced by the 

higher protein levels of those forages. 

Beckerton and Middleton (1983)· suggested that a diet 

containing 3.45 kcal/g and 11.5% protein was probably 

adequate for maintenance of nonbreeding ruffed grouse. Such 

a diet has a calculated P /E ratio of 3. 33g/100 kc.al ME. 

Winter diets in the Southeast had greater P/E ratios than 

the above recommended maintenance level. However, direct 

comparisons of protein estimates for natural winter diets 

and the protein requirement estimates of Beckerton and 

Middleton (1983) may not be possible because tannin levels 

in natural diets likely reduce protein digestibility to an 

unknown degree. 

While useful for comparing food habits and diet 

quality, monthly estimates of diet quality made from 

analyses of crop contents may not be indicative of the 

variability of diets of grouse populations. Hunters 

probably concentrate efforts in b~tter grouse habitats 

because of the greater number of birds available. 

Therefore, mean nutritional values of crop contents may be 

most representative of diets in adequate habitat. Foods 

from marginal habitat may be under-represented. In 
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addition, statewide 'avera9e' diet quality values are 

probably somewhat misleading. Even though many forage 

classes or species were often represented in late winter 

crop collections, individual grouse probably have diets that 

are less diverse. For example, evergreen leaves made up 44% 

of the crop contents in February in North Carolina, but it 

is likely that some proportion of the grouse population was 

utilizing greater quantities of these leaves. 

To determine the potential regional variation in diet 

quality in winter, it is necessary to examine the diets of 

g~ouse shifting completely to late winter forages .of buds 

and catkins or evergreen leaves. In general, the 

nutritional quality of buds, twigs, and catkin forages 

(Tables 3.1 and 3.3) are similar to monthly estimates of the 

quality of diets containing >50% buds, twigs, and catkins in 

Maine, New York, and Wisconsin. Therefore, a complete 

dietary shift to buds, twigs, and catkins would have little 

effect on late winter diet quality estimates in.the North. 

In contrast, grouse subsisting on evergreen leaves in the 

Southeast would have diets lower in ME and protein content 

and greater in total phenols (and likely tannins) and 

grayanotoxin levels than 'average' February diets in Georgia 

and North Carolina. Therefore, evergreen leaf diets have ME 

levels similar to winter diets in the North, but exhibit 
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greater differences in ~hen:ols .·and protein levels with 

northern diets' than did February diets•in Georgia- and Nqrth 

.Carolina. 

In: conclusion, grouse in the Southeast,·especially 

those utilizing evergreen leaves, appear to have poorer 

quality winter diets than northern grouse'populations. 

Specifically, everg~een leaf diets ar~ 16w in p~otein, and 

protein availability is likely further depressed by high 

levels of tannins. In addition, high tannin levels may have 

detrimental physiological effects,. and mountain l,aurel, the 

most commonly utilized- evergreen forage, contains a 

. potential toxin. Regional differences in ~ietary 

metabolizable energy appeared insignificant . 
. 

While direct mortality of grouse in the Southeast 

because of poor nutrition or poisoning seems unlikely, much 

additional energy may be spent by grouse to buffer diets of 

evergreen leaves with less abundant herbaceous leaves and 

fruits during winter. The resulting.increase in foraging 

activity also may increase susceptibility to predation. 

Alternatively, grouse may eat at submaintenance levels for 

short.peri_qcis.during the late winter in an ef.fort to avoid 

continuous high intake of evergreen leaves. '· 

Poor nutrition. in late winter.may have detrim~ntal 

effects on reproduction the following spring as in ring-

. ·~ . .. 



105 

necked pheasants (Phasianus colchicus) (Gates and Woehler 

1968) and eastern wild turkeys (Meleagris gallopayo) (Porter 

et al. 1983). Reproductive organ recrudescence begins in 

the latter part of March (see Chapter 4) immediately after 

the period when diet quality is the poorest in the 

Southeast. Dietary protein has been shown to have an 

important influence on ruffed grouse reproduction (Beckerton 

and Middleton 1982), but whether low protein levels in late 

winter can affect reproduction in the spring is unknown. 

Carcass Fat 

Predicted fat levels of grouse collected in January and 

February in North Carolina were similar to the low levels of 

eight grouse collected in the same months in Ontario by 

Thomas et al. (1975). However, fat levels from November to 

February in North Carolina tended to be less than fall and 

winter mean values of grouse collected in Virginia between 

March 1979 and January 1980 (Norman and Kirkpatrick 1984). 

Mean carcass fat levels in winter for male (N=5) and female 

(N=5) grouse from Virginia were 13.6 and 19.0%, 

respectively. The food habits of grouse collected by Norman 

and Kirkpatrick (1984) contrasted sharply with the food 

habits of grouse collected in North Carolina in the present 

study and may explain the differences in fat levels. The 

crops of grouse from Virginia contained 50-65% hard fruits 
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(primarily acorns) in fall and 18% in early winter. Crops 

of grouse from North Carolina contained less than 9% hard 

fruits in all months. The availability of highly digestible 

acorns in the early fall may have been responsible for the 

higher fat levels found in Virginia. 

Previous studies had not found differences in the fat 

content of male and female grouse at any time .of the year 

(Thomas et al. 1975, Norman and Kirkpatrick 1984). Fat 

levels of females were slightly greater than males in North 

Carolina in the present study. In a study on fat levels of 

ruffed grouse during the breeding season in Virginia (see 

Chapter 4), it was found that male grouse had substantally 

lower fat levels than females. It was suggested that males 

may forage less during the breeding season because of an 

increase in time spent in territorial defense, or a strong 

attachment to a territory may limit food availability. Male 

grouse remain closely associated with drumming logs and 

activity centers most of the year, .and cirumming does occur 

during the fall {Gullion 1967). ·Factors responsible for the 

low fat levels of males in the spring breeding season in 

Virginia also may have been the cause of lower fat levels of 

males in North Carolina in the fall. 
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Regional differences in forest compqi:;:i,t:i,9.z:i largely 

account for the differences in food habits. Trees suitable 

for budding are relatively rare in the predominately oak 

forests of the southern Appalachians. When fruit supplies 

dwindle, grouse must switch to either evergreen leaves, 

herbaceous leaves, or persistent deciduous leaves. 

Greenbrier is the most commonly utilized deciduous leaf 

in the winter in the Southeast (Stafford and Dimmick 1979, 

Seehorn et al. 1981). In the present study, greenbrier 

leaves made up 30% of the crop contents collected in 

February in Georgia. However, in Virginia, most greenbrier 

leaves have typically turned brown by late January 

indicating that greenbrier leaves are not an abundant and 

reliable winter food resource. Honeysuckle leaves, like 

greenbrier, are relatively high in ME and low in tannins and 

may be a high quality winter forage for ruffed grouse. 

Stafford and Dimmick (1979) reported high use of honeysuckle 

leaves by grouse in the Great Valley region of Tennessee. 

However, honeysuckle leaves apparently are not common in 

forested habitats occupied by grouse in the Southeast as 

evidenced by their reported low use in other southeastern 

states (Smith 1977, Seehorn et al. 1981) and in two regions 
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of Tennessee (Stafford and Dimmick 1979). Therefore, it is 

questionable whether there are sufficient quantities of 

greenbrier and honeysuckle leaves available to sustain large 

grouse populations during the winter period in the 

Southeast. 

The energetic cost of foraging for small, widely 

dispersed herbaceous forbs in forest habitats may limit the 

contribution of this forage class to the diet of grouse. 

·Harlow et al. ( 1975) estimated that available herbaceous 

f orbs in the Broad Run Wildlife Research Area in 

southwestern Virginia in December ranged from 0.1 kg/hectare 

in mature oak-pine stands to 0.5 kg/hectare in 7-year old 

clearcuts. It seems unlikely that grouse could forage 

efficiently on foods that were so low in abundance, widely 

dispersed, and partially hidden by leaf litter. Mean time 

spent feeding on buds and twigs during a feeding period in 

northern habitats is low, ranging from 16-24 minutes 

(Svoboda and Gullion 1972, Doerr et al. 1974), and budding 

primarily occurs just prior to sunrise and just after sunset 

(Doerr et al. 1974). The ability to forage quickly may be 

important for winter survival. 

With declining supplies of deciduous leaves and· 

herbaceous forbs in forested habitats in winter, grouse in 

the Southeast probably have little alternative to utilizing 
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evergreen leaves. Evergreen leaves are apparently avoided 

in the fall and early winter because they are little 

utilized until late winter when supplies of other forages 

have diminished. The reason for the high use of mountain 

laurel and Christmas fern and the low use of abundant 

wintergreen and trailing arbutus leaves is unknown. All 

have similar ME, protein, and tannin levels. Galax, a 

common herbaceous evergreen species in the Southeast (Harlow 

et al. 1975, see Chapter 5), also is similar in·the above 

nutritional characteristics (see Chapter 5), but is rarely 

found in crops. Tannins differ widely in their size, 

structure, toxic, and antinutritional qualities (McLeod 

1974), and a variety of other types of plant toxins exist 

(Rhoades and Cates 1976), which may account for the above 

differences in forage preferences. 

Gullion (1966) suggested that information on fall foods 

of ruffed grouse was meaningless because these forages were 

taken during a period of food abundance. However, fall 

foods, especially fruit supplies, may have an important role 

in the ecology of ruffed grouse in the Southeast. In the 

present study, fruits made up >45% of the diet of grouse 

collected in Georgia, North Carolina, and Virginia from 

November to January. Substantial new growth of herbaceous 

plants begins in mid to ].ate March in Virginia, which means 



110 

that there is approximately a 6-week period (1 Feb to 15 

Mar) when grouse are utilizing low quality evergreen leaves. 

However, fruit production can be highly "".'ariable among 

years. Poor fruit production that results in significant 

declines in fruit availability by the end of December would 

nearly double the length of time grouse would have to 

subsist on alternative forages (evergreen leaves) high in 

tannins and low in protein. Smith (1977) found high use of 

evergreen leaves in both late fall and early winter (Dec-

Feb) in Georgia (no seasonal differences) when fruit use was 

low (1% of crop contents), which is consistent with the 

above hypothesis. 

CONCLUSIONS 

Whereas a lack of continuous snow cover in the 

Southeast would seem favorable to ruffed grouse from the 

standpoint of food availability, it is not necessarily true 

that grouse in the Southeast have ready access to adequate 

food supplies as has recently.been suggested by Gullion 

(1984). Compared to the buds and catkins utilized by 

northern grouse populations in late winter, the evergreen 

l~af forages utilized in the Southeast are of questionable 

quality because of low protein levels, high tannin levels, 

and, in some instances, the presence of potentially toxic 

compounds. When catkins are abundant in winter, northern 
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grouse populations have available a medium to high protein, 

low tannin diet that is probably sufficient in metabolizable 

energy. In addition, buds and catkins remain available 

(unless eaten) the entire winter, and grouse probably have 

little competition from other wildlife for these forages. 

The likelihood of high food abundance and quality throughout 

the winter in southeast~rn states is low ~~_cause fruit and 

herbaceous f orb production from the previous summer and fall 

is probably insuffiCi_en_t __ to support large grouse populations 

for the entire winter, requiring a dietary shift to low 

quality evergreen leaves. In addition, grouse in the 

Southeast mi.;_f:!i: . c_o~2~t_e. with many frugi vores ·for winter fruit 

supplies and with othe·r· herbivores (e.g. deer, turkeys) for 

leafy forages found primarily at· ground level. The 

possibility that diet quality and food availability may vary 

among years in northern areas is not being discounted, but·· 

rather it is in northern habitats that there is the 

potential for an abundance of relatively high quality food 

in winter. 

Therefore, the low population densities of grouse in 

the Southeast may be directly or indirectly related to late ....=-..... 
/'. 

wj.!lter diet quality. The hypothesis described has many 

testable components that require study. Further 

investigation in this direction should elucidate the 
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importance of winter nutrition in the ecology of ruffed 

grouse in the Southeast. 

LITERATURE CITED 

Aldrich, J. W. 1963. Geographic orientation of. American 
Tetraonidae. J. Wildl. Manage. 27:529-545. 

Arhelger, R. B., J. S. Broom, and R. K. Boler. 1965. 
Ultrastructure hepatic alterations following tannic 
acid administration to rabbits. Am. J. Pathol. 
46:409-434. 

Armstrong, W. D., W. R. Featherston, and J. C. Rogler. 
1974. Effects of bird resistant sorghum grain and 
various commercial tannins on chick performance. 
Poultry Sci. 53:2137-2142. 

,JBeckerton, P. R., and A. L. A. Middleton. 1983. Effects of 
dietary protein levels on body weight, food 
consumption, and nitrogen balance in ruffed grouse. 
Condor. 85:53-60. 

Beckerton, P. R., and A. L. A. Middleton. 1982. Effects of 
dietary protein levels on ruffed grouse reproduction. 
J. Wildl. Manage. 46:509-579. 

Boler, R. K., T. S. Broom, and R. B. Arhelger. 1966. 
Ultrastructural renal alterations following tannic acid 
administration to rabbits. Am. J. Pathol. 49:15-32. 

Brown, C. P. 1946. Food of Maine ruffed grouse by seasons 
and cover types. J. Wildl. Manage. 10(1):17-28. 

Brugirard, A., and J. Tavernier. 1952. Les matieres 
tannoides dans les cidres et les poires. Annales de 
Technologie. 3:311-343. 

\BU!!!_p, G., R. W. Darrow, F. C. Edminister, and W. F. Crissey. 
· 1947. The ruffed grouse: life history, propagation and 

management. New York State Cons. Dep. 95lpp. 

Byra.nt, J. P., and P. Kuropat. 1980. Selection of winter 
forage by subartic browsing vertebrates: The role of 
plant chemistry. Ann. Rev. Ecol. Syst. 11:261-285. 



113 

Camp, B. J., E. Steel, and J. W. Dollahite. 1967. Certain 
biochemical changes in blood and livers in rabbits fed 
oak tannin. Am. J. Vet. Res. 28:290-292. 

Conner, J. K., I. S. Hurwood, H. W. Burton, and D. E. 
Fuelling. 1969. Some nutritional aspects of feeding 
sorghum grain of high tannin content to growing 
chickens. Australian J. Exp. Agric. Anim. Husb. 
9: 497-501. 

Darrow, R. W. 1939. Seasonal food preferences of adult and 
of young grouse in New York State. Trans. N. Am. 
Wildl. Con£. 4:585-590. 

Davis, J. A. 1969. 
ruffed grouse. 

Aging and sexing criteria for Ohio 
J. Wildl. Manage. 33:628-636. 

Doerr, P. D., L. B. Keith, D. H. Rusch, and C. A. Fischer. 
1974. Characteristics of winter feeding aggreqations 
of ruffed grouse in Alberta. J. Wildl. Manage. 
38:601-615. 

Forbes, E. B., and S. L. Bechdel. 1931. Mountain laurel 
and rhododendron as foods for white-tailed deer. 
Ecology 12:323-333. 

Fuller, H. L., S. I. Chang, and D. K. Potter. 1967. 
Detoxification of dietary tannic acid by chicks. J. 
Nutr. 91:477-481. 

Gates, J. M., and E. E. Woehler. 1968. Winter weight loss 
related to subsequent weights and reproduction in 
penned pheasant hens. J. Wildl. Manage. 32:234~247. 

Goering, H. K., and P. J. Van Soest. 1970. Forage fiber 
analyses: apparatus, reagents, procedures, and some 
applications. U.S. Dep. Agric., Agric. Handb. 379. 
20pp. 

Gullion, G. W. 1966. A viewpoint concerning the 
significance of game bird food habits studies. Condor 
68:372-376. 

Gullion, G. W. 1967. Selection and use of drumming sites 
by male ruffed grouse. Auk 84:87-112. 

[G~llion, G. W. 1970. Factors affecting ruffed grouse 
populations. Trans. N. Am. Wildl. Nat. Resour. Con£. 
35:93-105. 



114 

Gullion, G. W. 1984. Ruffed grouse management-where do we 
stand in the eighties? Pages 169-181. In W. L. 
Robinson. Ed. Ruffed grouse management: State of the 
art in the early 1980's. Symp. Proc. 45th Midwest 
Fish and Wildl. Conf. 181pp. 

Hardiker, S. W. 
Pharrnacol. 

1922. On rhododendron poisoning. 
Exper. Therapeutics. 20:17-44. 

J. 

Harlow, R. F., J. B. Whelan, H. S. Crawford, J. E. Skeen. 
1975. Deer foods during years of oak mast abundance 
and scarcity. J. Wildl. Manage. 39:330-336. 

Hill, D. C., E. V. Evans, and H. G. Lumsden. 1968. 
Metabolizable energy of aspen flower buds for captive 
ruffed grouse. J. Wildl. M~nage. 32:854-858. 

Huff, D. E. 1970. A study of selected nutrients in browse 
available to the ruffed grouse. M.S. Thesis, Univ. of 
Minn. 72pp . 

. Kingsbury, J.M. 1964. 
States and Canada. 
New Jersey. 626pp. 

Poisonous plants of the United 
Prentice-Hall. Englewood Cliffs, 

Kittam, W. H. 1943. October foods of ruffed grouse in 
Maine. J. Wildl. Manage. 7:231-233. 

Korschgen, L. J. 1966. 
grouse in Missouri. 

Foods and nutrition of the ruffed 
J. Wildl. Manage. 30(1):86-100. 

Kubena, L. F., T. D. Phillips, C. R. Creger, D. A. Witzel, 
and N. D. Heidelbaugh. 1983. Toxicity of ochratoxin A 
and tannic acid to growing chicks. Poultry Sci. 
62:1786-1792. 

Lindroth, R. L., and G. 0. Batzli. 1984. Plant phenolics 
as chemical defenses: eff~cts of natural phenolics on 
survival and growth of prairie voles, Microtus 
ochrogaster. J. Chem. Ecol. 10:229-244. 

Mancini, S. D., and J.M. Edwards. 1979. Cytotoxic 
principles from the sap of Kalmia latifolia. J. 
Natural Products 42:483-488. 

Martin, A. C., R. M. Gensch, and C. P. Brown. 1946. 
Alternative methods in upland game bird food analysis. 
J. Wildl. Manage. 10:8-12. 



115 

Maynard, L. A., J. K. Loosli, H. F. Hintz, and R. G. Warner. 
1979. Animal Nutrition. McGraw-Hill Book Co. New 
York. 602pp. 

McGowan, J. D. 1973. Fall and winter foods of ruffed 
grouse in interior Alaska. Auk. 90:636-640. 

McLeod, M. N. 
quality. 

1974. Plant tannins-their role in forage 
Nutr. Abstr. Rev. 44:803-815 .. 

Moss, R. 1972. Food selection by red grouse (Lagopus 
lagopus scoticus [Lath.]) in relation to chemical 
composition. J. Anim. Ecol. 41:411-428. 

Mould, E. D., and C. T. Robbins. 198la. Nitrogen 
metabolism in elk. J. Wildl. Manage. 45:323-334. 

Mould, E. D., and C. T. Robbins. 1981b. Evaluation of 
detergent analysis J.n estimating nutritional value of 
browse. J. Wildl. Manage. 45:937-949 .. 

i 
~Nelson, A. L., T. E. Clark, and W. W. Bailey. 1938. Early 

winter foods of ruffed grouse on the George Washington 
National Forest. U.S. Dep. Agric. Circ. No. 504~ 
37pp. 

Nelson, T. S., E. L. Stephenson, A. Burgos, J. Floyd, and J. 
0. York. 1975. Effect of tannin content and dry 
matter digestion on energy utilization and average 
amino acid availability of hybrid sorghum grains. 
Poultry Sci. 54:1620-1623. 

LNC:.rman, G. W., and R. L. Kirkpatrick. 1984:. Foods, 
nutrition, and condition of ruffed grouse in 
southwestern Virginia .. J. Wildl. Manage. 4$:183-187. 

Ofcarcik, R. P., and E. E. Burns. 
physical properties of acorns. 
36:576-578. 

1971. Chemical and 
J. Food Sci. 

Peri, C., and C. Pompei. 1971. Estimation of different 
phenolic groups in vegetable extracts. Phytochemistry 
10:2187-2189. 

Porter, W. F., G. C. Nelson, and K. Mattson. 1983 .. Effects 
of winter condition on reproduction in a northern wild 
turkey population. J. Wildl. Manage. 47: 281-290. 



116 

Ray, A. A., K. A. Council, and J. P. Sall. 1982. SAS 
user's guide, 1982 edition. SAS Institute, Raleigh. 
923pp. 

Rhoades, D. F., and R. G. Cates. 1976. To~ard a general 
theory of plant antiherbivore chemistry. Pages 168-213 
In J. W. Wallace and R. L. Mansell. Eds. Biochemical 
interactions between plants and animals. Rec. Adv. in 
Phytochem. 10:168-213. 

Robbins, C. W. 1983. Wildlife feeding and nutrition. 
Academic Press. New York. 343pp. 

Robertson, J. B., and P. J. Van Soest. 1977. Dietary fiber 
estimation in concentrate feedstuffs. American Society 
of Animal Science, 69th meeting, Univ. Wisconsin, 
Madison (Abstr.), p254. 

Sakakibara, J., N. Shirai, T. Kaiya, and H. Nakata. 1979. 
Grayanotoxin-XVIII and grayanoside B, a new A-nor-B-
homo-ent-kaurene and its glutoside from Leucothoe 
grayana. Phytochemistry 18:135-137. 

Sakata, K., M. Hattori, A. Sakurai, and T. Hosotsuji. 1977. 
Isolation and identification of biologically active 
constituents of Leucothoe catesbaei A. Gray. J. 
Pestic~de Sci. 2:453~456. 

Scott, T. G., and C. H. Wasser .. 1980. Checklist of North 
American plants for wildlife biologists. The Wildlife 
Society, Washington, D.C. 58pp. 

Scott, M. L., M. C. Nesheim, and R. J. Young. 1982. 
Nutrition of the chicken. M. L. Scott and Assoc. 
Ithaca, N.Y. 562pp. 

Seehorn, M. E., R. F. Harlow, and M. T. Mengak. 1981. 
Foods of ruffed grouse from three locations in the 
southern Appalachians mountains. Proc. Ann. Conf. S.E. 
Assoc. Fish and Wildl. Agencies. 35:216-224. 

Shrauder, P. A. 1984. White-tail populations and habitats, 
Appalachian mountains. Pages 331-344 in L. K. Halls, 
ed. White-tailed deer, ecology and management. 
Stackpole Books, Harrisburg. 870pp. 

Sinclair, A. R. E., C. J .. Krebs, and J. N. M. Smith. 1982. 
Diet quality and food limitation in herbivores: the 
case of the snowshoe hare. Can. J. Zobl. 60: 889-897. 



117 

Sinclair, A. R. E., and J. N. M. Smith. 1984. Do plant 
secondary compounds determine feeding preferences of 
snowshoe hares. Oecologia 61:403-410. 

Singleton, V. L., and J. A. Rossi, Jr. 1965. Colorimetry 
of total phenols with phosphomolybdic-phosphotungstic 
acid reagents. Arn. J. Evol. Viticult. 16:144-158. 

Smith, A. F. 1977. Fall and winter food habits of the 
ruffed grouse in Georgia. M. S, Thesis, Univ. of 
Georgia, Athens. 76pp. 

Stafford, S. K., and R. W. Dimmick. 1979. Autumn and 
winter foods of ruffed grouse in the southern 
Appalachians. J. Wildl. Manage. 43: 121-127. 

Stoll, R. J., M. W. McClain, C. M. Nixon, and D. M. Worley. 
1980. Foods of ruffed grouse in Ohio. Ohio Fish and 
Wildl. Rep. No. 7. Ohio Dep. Nat. Resources. 17pp. 

Stollberg, B. P., and R. L. Hine. 1952. Food habit studies 
of ruffed grouse, pheasants, quail, and mink in 
Wisconsin. Tech. Wildl. Bull. No. 4. Game Manage. 
Division Wisc. Conservation Dep., Madison. 113pp. 

Svoboda, F. J., and G. W. Gullion. 1972. Preferential use 
of aspen by ruffed grouse in Northern Minnesota. J. 
Wildl. Manage. 36(4):1166-1180. 

Thackston, R. E., ~- E. Hale, A. S. Johnson, and M. J. 
Harris. 1982. Chemical composition of mountain-laurel 
kalmia leaves from burned and unburned sites. J. 
Wildl. Manage. 46:492-496. 

~Thomas, V. G., H. G. Lumsden, and D. H. Price. 1975. 
Aspects of winter metabolism of ruffed grouse (Bonasa 
umbeilus) with special reference to energy reserves. 
Can. J. Zool. 53:434-440. 

Triechler, R., R. W. Stow, and A. L. Nelson. 1946. 
Nutrient content of some winter foods of ruffed grouse. 
J. Wildl. Manage. 10:12-17. 

Vanderschaegan, P. V. 1970. Food habits of ruffed grouse 
at the Cloquet Forest Research Center, Minnesota. M.S. 
Thesis, Univ. of Minn. 82pp. 

Vohra, P., F. H. Kratzer, and M. A. Joslyn. 1966. The 
growth depressing and toxic effects of tannins to 
chicks. Poultry Sci. 45:135-142. 



118 

Waud, R. A. 1940. The action of Kalmia Agustifolia (Sic) 
(Lambkill). J. Pharmacol. and Exper. Therapeutics 
69:103-111. 

Woehr, J. R. and R. E. Chambers. 1975. Winter and spring 
food preferences of ruffed grouse in central New York. 
Trans. Northeast Fish and Wildlife Conf. 35:95-110. 



119 

Appendix Table 3.1. List of common and scientific names of 
plants mentioned in text of Chapter 3. 1 

Common name 

Alder 
American beech 
Apple 
Aspen 
Avens 
Bigtooth aspen 
Birch 
Black cherry 
Black gum 
Blueberry 
Bunchberry 
Cherry 
Christmas fern 
Clover 
Dandelion 
Dogwood 
Dewberry 
Flowering dogwood 
Foamf lower 
Galax 
Grape 
Gray birch 
Greenbrier 
Hawthorn 
Hazelnut 
Honeysuckle 
Hophornbeam 
Japanese honeysuckle 
Maple 
Mountain ash 
Mountain laurel 
Multiflora rose 
Oak 
Oxalis 
Partridgeberry 
Privet 
Quaking aspen 
Rhododendron 
Rose 
Serviceberry 
Sorrel 
Staghorn sumac 

Scientific name 

Alnus spp. 
Faqus grandifolia 
Malus spp. 
Populus spp. 
Geum spp. 
Populus grandidentata 
Betula spp. 
Prunus serotina 
Nyssa sylyatica 
Vaccinium spp. 
Cornus canadensis 
Prunus spp. 
Polystichurn acrostichoides 
Trifoliurn spp~ 
Taraxacurn officinale 
Cornus f lorida 
Rubus spp. 
Cornus f lorida 
Tiarella spp. 
Galax aphylla 
Vitis spp. 
Betula populifolia 
Smilax spp. 
Crateaous spp. 
Corylus spp. 
Loncera spp. 
Ostrya virginiana 
Lonicera japonica 
Acer spp. 
Serbus spp. 
Kalmia latifolia 
Rosa multiflora 
Quercus spp. 
oxalis 
Mitchella repens 
Ligustrurn spp. 
Populus tremuloides 
Rhododendron spp. 
Rosa spp. 
Arnelanchier canadensis 
Rumex spp. 
Rhus typhina 



Appendix Table 3.1. 

Common name 

Strawberry 
Sumac 
Speckled alder 
Striped maple 
Sweet birch 
Trailing arbutus 
Viburnum 
Willow 
Wintergreen 
Yellow birch · 
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Continued. 

Scientific name 

Fragaria spp. 
Rhus spp. 
Alnus incana 
Acer pensyvanicurn 
Betula lenta 
Epigaea repens 
Viburnum spp. 
Salix spp. 
Gaultheria procumbens 
Betula alleghaniensis 

1 Scientific names follow Scott and Wasser (1980). 
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Appendix Table 3.2. Locations of crop collections by state. 
and county. Number of crops is in parentheses. 

Georgia: 

North 

Carter (2), Cohulta (3), Dawson (2), 
Fannin (22), Gilmer (12), Lumpkin (5), Macon (4) 
Murry (1), Rubun (1), Towns (6), Union (18) 

Carolina: Ashe (4), Avery (6), Buncombe (3), Clay (3), 
Graham (15), Haywood (20), Henderson (1), 
Jackson (2), Mac6n (35), Madison (76), 
Transylvania (2) 

Virginia: Albermarle (1), Bath (6), Botetourt (10), 
Craig (4), Floyd (18), Giles (19), 

West 

Mercer, WV ( 10), Monroe_, WV ·· ( 3), 
Montgomery (41), Grayson. (2), Nelson (3), 
Pulaski., ( 2), Roanoke ( 17), Rockbridge ( 2), 
Wythe (1), Unknown (4) 

Virginia: Monongalia (19), Randolph (5), Preston (3), 
Unknown (6) 

Ohio: Athens (43), Jackson (17), Meigs (7) 

New York: Chautaugue (4), Clinton (6}, Franklin (79), 
Herkimer (1), Lewis (2), Madison (1), 
Oneida (8), Onondaga (4), Saint Lawerene (2), 
Steuben (3) 

Wisconsin: Juneau (2), Lincoln (1), Marathon (46), 
Portage (6), Taylor (1), Wood (43), Unknown (3) 

Washington: Lewis (1), Okanogan (34), Thurston (1) 

Maine: Aroostock (24), Cumberland (6), 
Franklin (22), Hancock (2}, Kennebec (23), 
Oxford (1), Piscataquis (30), Penobscot (3}, 
Sagadahoc (4), Somerset (60), Waldo (11), 
Washington (45) 
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Appendix Table 3.3. Foods from crops of ruffed grouse 
collected in ten states during fall and winter between 
November 1981 and February 1984. Values are percent dry 
weight and number of crops examined is in parentheses. 

Species 1 , 2 

Georgia (N) 
Greenbrier f. 
Grape f. 
.'!icorn 
Mountain laurel 1. 
Greenbrier 1. 
Christmas fern 
Honeysuckle 1. 
Foamflower 1. 
Cinquefoil 1. 
Trailing arbutus 1. 
% Identified (Total) 

North Carolina (N) 
Mountain laurel 1. 
Grape f. 
Dogwood f. 
Mountain ash f. 
Greenbrier f. 
Oxalis 1. 
Beechnut 
Foamflower 1. 
Greenbrier 1. 
Dogwood bt. 
Acorn 
Maple f. 
Christmas fern 
Hawthorn f. 
Strawberry 1. 
Rumex 1. 
Cinquefoil 1. 
Trailing arbutus 1. 
Rose f. 
Prunus bt. 
Blackgum f. 
Sumac f. 
Honeysuckle 1. 
% Identified (Total) 

Sep Oct 

Month 

Nov 

( 6) 
76.8 
13.1 
0.3 
0 
0.7 
0.1 
0 
3.1 
0 
0 

94.1 

(59) 
2.0 

28.8 
0 

11. 0 
10.3 
0.3 
1.1 
0.6 
2.5 
0 
0 
2.6 
1.0 
4.8 
1.2 
0.3 
0 
0 
0 
2.0 
0 
6.0 
0 

74.S 

Dec 

( 16) 
2.4 

38.3 
7.2 

17.6 
2.0 
3.5 

10.3 
2.7 
0.9 
0 

84.9 

(50) 
6.6 

13.5 
23.1 

0 
8.4 
0 
0 
t 
4.1 
0 
0 
0.1 
3.6 
0 
1. 6 
o· 
0.1 
0 
0 
0 
0 
0 
0.3 

61. 4 

Jan 

(36) 
5.2 
6.4 

32.9 
8.8 

10.8 
9.7 
0 
4.7 
0.2 
0.6 

79.3 

(39) 
13.2 
22.0 
16.8 

0 
8.1 
0 
0 
0.3 
4.1 
8.6 
7.0 
1. 6 
4.2 
2.0 
0.1 
0 
0.4 
0 
0.9 
0 
0 
0 
0.7 

90.0 

Feb 

(19) 
0 
0 
8.1 

30.0 
29.7 
10.8 

0 
1.1 
0.1 
0.5 

80.3 

(32) 
38.2 
1.0 
0 
0 
2.6 
0 
0 
0.3 
6.9 
0 
3.8 
1.2 
8.6 
0 
0.9 
0 
0.3 
6.1 
0 
0 
0.1 
0 
0.4 

70.4 
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Appendix Table 3 . 3 . Continued. 

Month 

Species Sep Oct Nov Dec Jan Feb 

Y:irginia (N) (59) (50) (30) 
Rose f. 0 13.3 22.2 
Grape f. 17.5 14.7 14.3 
Blackgum f. 15.3 0 0 
Acorn 14.9 0.5 0 
Greenbrier f,. 8.9 12.9 8.3 
Dogwood f. 12. 5 0.4 0.3 
Greenbrier 1. 1. 6 5.2 10.2 
Viburnum f. 8.9 1.3 2.0 
Christmas fern 0.4 0.4 2.2 
Cinquefoil 1. 0.7 1.3 1.1 
Hawthorn f. 1.2 0.5 0 
Cherry bt. 1.0 0.6 6.4 
Birch ca. 0 0 0.1 
Rum ex 1. 0 0.1 0 
Wintergreen 1. 0 0 0.6 
Trailing arbutus 1. 1.0 0.2 t 
Sumac f. 5.8 3.5 2.3 
Honeysuckle f. 0 0.5 1. 3 
Rose 1. 0 t t 
Mountain laurel 1. 1.2 0.3 9.1 
Strawberry 1. 0 0.3 0 
Dewberry 1. 0 0 0.2 
Maple f. 0 0 t 
Clover 1. 0 t 0 
% Identified (Total) 91.3 56.l 81.4 

West Virgini(! (N) (10) ( 8). (11) 
Cherry bt. 59.5 0.8 0.5 
Greenbrier f. 18.6 0 48.5 
Birch bt. 6.3 47.1 0.7 
Grape f. 7.5 0 19.7 
Greenbrier 1. 0 6.5 0.6 
Christmas fern 0 7.8 0.1 
Hophornbeam c. 1.3 0 0 
Maple J: 0.3 0.2 0 J. • 

Viburnum f. 3.2 0 8.9 
Mountain laurel 1. 0 3.8 0.1 
Cinquefoil 1. 0 1.1 0 
Honeysuckle 1. 0 0 t 
Acorn 0 0 3.2 
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Appendix Table 3.3. Continued. 

Month 

Species Sep Oct Nov Dec Jan Feb 

Dogwood f. 0 0 8.5 
Sumac f. 0 6.4 0 
% Identified (Total) 96.7 73.7 90.8 

Ohio (N) ( 4) (14) (28) (21) 
Grape f. 87.8 14.4 0 0 
Rose f. 0 0 33.5 33.6 
Dogwood f. 11.3 24.4 0 0 
Japanese honeysuckle f. 0 7.4 21. 9 0.1 
Greenbrier f. 0 15.5 0.4 0 
Sumac f. 0 1. 7 11.0 0 
Greenbrier 1. t 0.2 0.5 2.9 
Cinquefoil 1. 0 0 0 2.7 
Viburnum f. 0 0 0.2 4.3 
Avens 1. 0.3 0 0.6 8.9 
Christmas fern 0 0.9 0.7 1.4 
Privet f. 0 0 1. 9 t 
% Identified (Total) 99.4 64.5 69.9 54.0 

Indiana (N) (5) (11) (3) (3) 
Dogwood f. 99.6 91.8 56.8 0 
Hophornbeam c. 0 0 0 30.3 
Rose f. 0 0 29.5 0 
Greenbrier f. 0 0 0 15.1 
Japanese honeysuckle f. 0 5.4 0 0.3 
Honeysuckle 1. 0 t 0 3.0 
Greenbrier 1. 0 t 0 0 
Dogwood bt. 0 0.5 0 0 
% Identified (Total) 99.6 97.2 86.3 48.7 

New York (N) (5) (35) (26) (19) (23) (9) 
Cherry bt. 0 16.2 0 0 17.8 55.3 
Yellow birch c. 0 0.9 37.6 6.2 4.9 0 
Viburnum f. 0 9.8 0.9 0 33.1 0 
Maple f. 0 2.6 9.1 30.5 0 0 
Hazelnut c. 0 2.5 10.9 2.4 0 28.2 
Quaking a9pen 1. 12. 7 9.4 0 0 0 0 
Aspen bt. 0 2.5 2.5 14.2 0 1.1 
Apple bt. 0 0 0 0 11.9 0 
Corn 0 0 0 0 11.8 0 
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Appendix Table 3.3. Continued. 

Month 

Species Sep Oct Nov .Dec Jan Feb 

Hawthorn f. 0 5.2 0.1 0 0 0 
.Cinquefoil 1. 0 0 0.2 1.5. 0 2.3 
Grape f. 0 2.4 0 8.7 7.7 6.3 
Oxalis 1. 0 1.1 0.6 2.9 0 0 
Beechnut 0 0 0 0.3 0 0 
Hazelnut bt. 0 5.7 6.8 5.7 2.9 0 
Hophornbearn bt. 0 1.1 0 0 0 0 
Apple f. 64.6 7.1 4.3 0 0 0 
Birch bt. 0 o.3 6.7 1.0 0 0 
Hophornbearn c. 0 0 0.2 0 0 0 
Apple 1. 0 6.7 0 0 0 0 
Bigtooth aspen 1. 0 1. 9 0 0 0 0 
Rum ex 1. 0 0.8 0 0 0 0 
% Identified (Total) 77.3 75.1 81. 0 73.4 90.1 93.2 

Wisconsin (N) (37) (52) (13) 
Acorn 65.7 9.2 0 
Hazelnut c. 0.8 21. 4 38.2 
Hawthorn .c . 0 16.8 8.3 .L • 

Hophornbearn c. 0 6.0 0 
Cherry f. 2.7 0 0 
Grape f. 0 2.2 0 
Birch bt. 0 0 2.8 
Aspen 1. 0.2 2.3 0 
Maple f. 1. 4 0 2.6 
Viburnum f. 0 5.4 0 
Clover 1. t 1. 7 0 
Strawberry 1. 0 0.2 0 
Cinquefoil 1. 0 0. 3• 3.3 
Corn 0 1. 9 2.1 
Birch ca. 0 0 5.4 
% Identified (Total) 71.0 67.3 62.8 

Washington (N) {27) (2) ( 7) 
Rose f. 34.4 0 32.2 
Clover 1. 9.7 0 0.4 
Aspen 1. 1.2 0 0 
% Identified 45.3 0 32.5 
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Appendix Table 3.3. Continued. 

Month 

Species Sep Oct Nov Dec Jan Feb 

Maine (N) (199) (20) (14) 
Apple f. 17.3 55.2 2.7 
Hophornbeam c. 0.2 0 23.l 
Acorn 6.3 22.6 0 
Apple 1. 21.8 0.4 2.1 
Birch c. 2.6 0 15.9 
Maple f. 6.7 0 14.3 
Hazelnut c. 8.8 0 0 
Beech bt. 0.2 0 0 
Hazelnut bt. 0.3 0 0 
Rum ex 1. t 1.2 0 
Aspen 1. 1.9 0 0.8 
Blueberry f. 2.2 0 0 
Dandelion 1. t 0 0 
Cherry bt. 0.9 0 0 
Wintergreen 1. 0 0.2 0 
Strawberry 1. 0.2 0.3 3.9 
Cinquefoil 1. 0 t 2.9 
Beechnut 1.3 0 0.6 
Birch bt. 5.6 0 5.2 
Oxalis 1. 0.5 0 2.1 
Bunchberry 1. t 0 0 
Clover 1. 7.0 1. 9 0 
% Identified (Total) 83.8 81.8 70.7 

1 0nly the four most common forages in each month of each 
state-wide collection (except Washington) can be rank 
ordered as the most common forages in the monthly 
collections. Values for less common forages in each month 
may be exceeded by unknown values for unidentified species. 
Occurrence of species in the forage list of one state does 
not necessarily mean that those species were measured in 
other states. 

2 Plant part abbreviations: l.=leaves, £.=fruits, 
bt.=buds and twigs, c.=catkins. 



Appendix Table 3.4. Maximum and minimum estimates of total phenols and metabolizable 
energy of all foods from crops and values for crop contents with seeds removed (nonseed 
crop contents> of 
February 1984.'l 

ruffed- grouse collected in ten states between Novembe·r 1981 and 

To bl Metabolizable 
phenolics energy 

OD CiO 

Nonseed Max. Min. Nonseed Max. Min. 

Month N x SE. '5( SE x SE x SE x SE x SE 

Georgia 
Nov 3 1.9 0.8 1.6 1.0 1.0 0.6 57 1.2 43 5.8 31 2.9 
Dec 13 6.3 1.5 5.8 1.5 5.2 1.6 54 4.0 49 4.0 45 4.7 
Jan 25 7.5 1.4 7.2 1.4 7.1 1.4 57 3.1 55 2.8 54 3.0 
Feb 13 6.1 1.6 6.1 1.6 8.1 1.6 48 4.9 48 4.9 48 4.9 

. tJ. Caroli~ 
Nov 37 4.8 0.7 4.2 0.7 3.6 0.7 53 2.3 45 2.5 39 3.1. 
Dec 35 5.8 0.9 4.8 0.9 4.3 0.9 50 1.-9 42 2.0 37 2.7 I-' 

N Jan 24 5.9 1.0 4.6 0.9 4.0 1.0 49 2.3 40 3.0 33 3.9 " Feb 22 9.6 1.6 9.1 1.0 9.1 1.6 47 3.i 45 2.4 44 3.0 

Virgioi!! 
Nov 28 4.3 0.5 3.6 0.5 2.6 0.6 57 2.8 43 3.6 35 4.4 
Dec 44 4.0 0.6 3.7 0.5 3.1 0.6 54 2.3 4-7 2.4 41 3.3 
Jan 40 5.0 0.7 4.5 0.7 3.8 0.8 49 2.0 44 2.2 36 3.2 

!'.!· Virginia 
Dec 8 4.6 1.3 4.3 1.1 4.0 2.S 39 6.1 37 5.3 34 5.5 
Jan 7 .5. 9 2.5 .5.4 1.9 5.2 2.0 40 4.5 39 4.5 35 6 • .5 
Feb 7 1.8 0.5 1.9 0,8 0,9 0.4 .58 7.1 41 6.5 30 4.0 

Ohio 
Nov 3 2.3 0.8 2.8 0.9 1.2 0.6 60 4 • .5 42 6.6 31 .5.4 
Dec 10 1. 7 0.2 1. 7 0.3 1.0 0.3 56 3.9 40 .6.1 33 6.3 
Jan 20 2.9 0.6 2.9 0.4 2.2 0.4 56 3.7 .51 4.2 43 .5.0 
Feb 10 2.8 0.6 2.9 0.6 2.4 0.6 .57 3.9 .53 .5.1 47 6.8 

Indiana 
Oct 2 1.2 0.3 1.0 0.1 0.6 0.1 56 2.1 33 2;·4 27 2.8 
Nov 7 1.8 0.3 1.3 0.4 0.9 0.4 5.5 8.0 3.5 8.5 29 8.3 
Dec 3 1.6 0.1 1.5 0.4 0.9 0.3 .55 2.2 39 B.2 30 10.1 
Jan 3 3.o 1.2 3.0 1.2 3.0 1.2 46 3.9 46 3.9 46 3.8 



Appendix Table 3.4. Continued. 

Total Metabolizable 
phenolics energy 

(%} 1%) 

Non seed Max. Hin. Non seed Max. Min. 

Hon th N 'X SE x SE )( SE x SE x SE x SE 

New York 
Sep 4 3.1 l.8 3.1 1.8 3.1 1.8 58 6.2 58 6.2 58 6.2 
Oct 28 5.3 1.0 5.4 0.9 4.6 0.9 45 3.5 44 3.3 39 3.7 
Nov 18 6.6 1.4 6.3 1.3 6.3 1.4 40 5.2 38 5.2 37 .5.4 
Dec 16 6.1 0.7 5.6 0.7 5.4 0.6 39 2.9 39 1.8 35 2.2 
.Jan 12 4.lt 1.5 5.1 1.3 3.5 1.5 44 5.0 40 4.2 35 5.3 
Feb 9 6.5 1.2 6.4 l.l 6.3 1.3 36 6.2 36 2.6 35 3.4 

Wisconsia 
Sep 16 6.7 1.2 6.6 1.2 6.6 1.2 54 4.5 54 4.4 53 5.4 
Oct 33 4.5 0.6 4.5 0.6 3.9 0.6 49 2.3 47 2.0 42 2.3 t-'-' 
Nov 10 4.6 0.6 4.4 0.6 4.3 0.1 45 1.8 44 2.0 42 3.2 N 

00 

Washington 
Sep 17 6.4 1.2 5.3 0.8 4.4 0.8 56 1.1 52 1.6 39 3.3 
Oct 2 2.5 0.1 2.5 0.1 2.5 0.1 47 0.8 47 0.8 45 0.5 
Nov 3 4.5 1.5 3.8 1.2 3.1 1.3 56 5.5 55 6.7 39 14.9 

Maino 
Oci: 158 5.4 1.5 5.4 1.5 5.3 1.3 53 1.5 53 1.5 53 1.3 
Nov 18 4.8 0.9 4.8 0.9 4.8 0.9 67 2.9 67 2.9 67 2.6 
Dec 13 7.4 1.0 7.4 1.0 7.3 1.0 38 3.6 38 3.6 38 3.7 

1va1ues are weighted means and standard errors of weighted means. 



Appendix Table 3.5. Maxirm.un and minimum estimates of n1etaboli:zable energy and crude protein of all 
foods from crops and values for crop contents with seeds removed lnonseed crop contents) of ruffed 
grouse collected in ten states between November 1981 and February 1984.1 

Metabolizabla Crude 
energy protein 

fKcal/g) 1%) 

Nonseed Max. Hin. Non seed Max. Hin. 

Month N 5{ SE x SE x SE N ~ SE x SE x SE 

Georgia 
Nov 3 2.56 0.09 2.00 0.22 1.38 0.11 3 8.0 0.8 9.7 0.3 4,3 1.0 
Dec 12 2.47 0.21 2.28 0.22 2.04 0.26 13 12.l 1.5 11. 7 1.4 10.0 1.8 
Jan 16 2.65 0.18 2.56 0.18 2.49 0.20 19 10.2 1.6 10.3 1..5 9.5 l. 7 
Feb 10 2.26 0.27 2.26 0.27 2.26 0.27 11 11.6 1.0 11.6 1.0 11.6 1.0 

f:!. Carolina 
Nov 27 2.34 0.09 2.07 0.10 1. 75 0.12 26 12.l 1.4 11.4 1.2 9.0 1.5 
Dec 2'• 2.34 0.08 1.99 0.07 1. 72 0.11 26 12.9 1.8 12.0 1.4 9.6 1.6 f-l 

Jan 22 2.33 0.08 1.69 0.11 1.59 0.15 22 11.4 l. 7 10.4 1.6 7.8 2.0 N 

''° Feb 19 2.16 0.13 2.10 0.11 2.03 0.14 20 11.5 2.3 11.5 2.2 10.8 2.4 

Virginia 
Nov 23 2.62 0.12 2.01 0.14 1.61 0.18 23 8.8 1.8 8.8 1.3 5.3 1.5 
Dec 39 2.44 0.09 2.17 0.10 1.87. 0.1.5 35 13.9 1.4 13.l 1.3 10.7 1.7 
Jan 32 2.26 0.08 2.08 0.09 1.77 0.14 35 13.3 1.0 12.3 1.0 9.8 1.3 

!:f. Virginia 
Dec .5 '1. 79 0.20 1. 72 0.11 1.56 0.07 5 12.9 1.6 12.7 1.3 11.2 2.3 
Jan 6 1.91 0.17 1.91 0.18 1.69 0.24 .5 14.l 2.4 13.9 2.5 13.5 2.8 
Feb 6 2.66 0.13 1.94 0.23 1.36 0.14 5 10.3 1.3 10.6 0.8 5.2 0.8 

Ohio 
Nov 2 2.59 0.05 2.02 0.13 1.36 0.25 3 9.6 1. 7 9.5 1.0 5.0 1.3 
Dec 8 2.66 0.18 1.93 0.32 1.56 0.32 7 10.8 2.5 9.4 2.7 6.3 3.2 
Jan 18 2.53 0.15 2.29 0.18 1.94 0.23 14 12.7 1.8 11.7 1.9 9.7 2.2 
Feb 9 2.51 0.15 2.34 0.20 2.08 0.29 10 17.2 2.4 15.8 2.9 14.3 3.3 

) 

J:ndiana 
Oct l 3.13 1.80 1.53 
Nov 6 3.03 0.47 1.86 0.38 1.60 0.35 
Dec 2 2.63 0.16 1.80 0.06 1.40 0.08 
Jan 2 2.38 0.38 2.38 0.38 2.38 0.38 



Appendix Tabla 3.5. Continued. 

Metabol izable Crude 
energy protein 

IKcal/g) (%) 

Nonseed Max •. Min. Non seed Max. Hin. 

Hon th N x SE x SE x SE N x SE x SE x SE 

llilli York 
Sep 2 2.49 0.05 2.49 0.05 2.49 0.05 3 8.7 5.5 8.7 5.5 8.7 5.5 
Oct 18 2.08 0.15 2.02 0.15 1.81 0.18 23 15.3 3.6 14.6 3.3 13.3 3.6 
Nov 14 1.95 0.18 1.95 0.11 1.95 0.16 15 16.6. 4.1 16.7 4.1 16.6 4.1 
Dec 14 1.94 0.12 1.94 0.09 1.70 0.12 15 21.6 3.1 20.6 3.0 19.l 3.4 
Jan. 8 2.01 0.23 1.89 0.19 1.59 0.25 11 10.'t 2.4 10.2 1.9 8.2 2.4 
Feb 7 1.68 0.27 1.67 0.11 1.62 0.14 9 14.3 1.8 14.1 1.6 13.8 2.3 

tlisconsin 
Sep 7 2.70 o.32 2.70 0.32 2.70 0.32 12 8.3 2.9 8.4 2.8 8.1 Z.9 .f-"' 

w Oct 28 2.21 0.09 Z.12 0.10 1.90 0.11 27 12.7 2.4 11. 7 2.5 10.9 2.7 0 
Nov 7 2.10 o.oa 2.04 0.09 1.% 0.12 9 15.9 1.0 15.4 1. 7 14.9 1.9 

Hashingi:on 
Sep 13 2.43 0.05 2.32 0.08 1.70 0.15 16 13.9 2.7 13.4 2.8 9.7 2.8 
Oct 2 2.20 0.06 2.20 0.06 2.13 0.12 2 16.9 7.4 16.7 7.4 16.3 7.7 
Nov 2 2.49 0.13 2.30 0.27 2.03 0.39 2 18.3 1.4 16.5 3.1 14.9 3.7 

tfaing 
Oct 126 2.44 0.05 2.43 0.05 2.40 0.05 .131 12.6 0.8 12.5 0.8 12.4 0.9 
Nov 17 3.00 0.19 3.00 0.19 3.00 0.19 17 7.4 2.4 7.4 2.4 7.4 2.4 
Dec 11 1.88 o.13 1.88 0.13 1.86 0.13 13 14.9 1.9 15.0 1.2 14.8 1.1 

1 Values are weighted means and standard errors of weighted means. 



CHAPTER 4 

SPRING FOOD HABITS, DIET QUALITY; CARCASS FAT, AND 
REPRODUCTIVE ORGAN MEASUREMENTS OF RUFFED GROUSE FROM 
SOUTHWESTERN VIRGINIA 

Late winter and early spring nutrition may be an 

important aspect of. the ecology of ruffed grouse in Virginia 

(Norman and Kirkpatrick 1984). Controlled stu.dies have 

shown that nutrition prior to and during the breeding season 

can have a significant effect on reproduction in ruffed 

grouse (Beckerton and Middleton 1982) as has been 

demonstrated in other gallinaceous species (Breitenbach et 

al. 1963, Barret and Bailey 1971, Pattee and Beason 1979). 

However, the spring food habits of ruffed grouse in the 

southern Appalachians are not well documented, and little is 

known about the nutritional .quality of the spring diet of 

the ruffed grouse in any partof its range. Norman and. 

Kirkpatrick (1984) found low carcass fat levels for nine 

ruffed grouse collected in April in southwestern Virginia as 

part of a seasonal study. The present.study was a. more 

extensive examination of the nutrition of ruffed grouse in 

Virginia during the sprin9 period. The objective was to 

determine the interrelationships among food habits, diet 

quality, and carcass fat levels of ruffed grouse during the 

early part of the breeding period. 

131 
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STUDY AREA 

Collections of ruffed grouse were made in the Jefferson 

National Forest in Giles and Craig counties of Virginia. 

This area lies within the Ridge and Valley Province of the 

Appalachian Hardwood subregion (Smith and Linnartz 1980). 

Elevations in the study area range from approximately 600 to 

1200m. Mixed oak (Quercus spp.) hardwoods predominate, and 

even-age forest management is most common. 

METHODS 

A minimum of 20 ruffed grouse were collected in the 

late winter or early spring each year ( 10 during 1.5-31 March 

and 10 during 15-30 April) from 1982-1984. Grouse were 

collected by shooting from improved or unimproved roads. 

Crop contents were removed and frozen, and crop-free body 

weight was measured. Reproductive and digestive tracts were 

removed, and carcass fat was measured as described in 

Chapter 2. Fat levels were calculated as total fat weight, 

percent of fat in dry carcass weight, and as a lipid inde.x 
. . , 

([g fat/g fat-free carcass weight]xlOO). Ovaries, oviducts, 

and paired testes of grouse were removed and weighed after 

lightly blotting moisture. In two instance.s, testes were 

damaged by shot and could not be weighed. Counts were made 

of the number of ovulated follicles, follicles larger than 

.4rnrn in diameter, and follicles 2-4rnrn in diameter. Age was 
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not determined because of a lack of a reliable aging 

technique for ruffed grouse in the spring. 

Crop contents were oven-dried at· so C for 24 hours and 

separated into eight forages classes: hard fruit, soft 

fruit, leaves and flowers of nonwoody herbaceous plants; 

ferns, leaves of deciduous woody plants, leaves of evergreen 

woody plants, buds and twigs, and animal matter. Grit was 

only found in small amounts and was not included in the food 

habits analysis or as part of the crop weight. The dry 

weight of each forage class in each crop was measured. To 

obtain an estimate of the major forage species in spring 

diets, the most common forage species in each year's sample 

were ocularly estimated as a. percentage by volume of their 

respective forage ~lasses in each crop. The percentages of 

other easily identified species also were ocularly 

estimated. The weight to volume ratios of forages in a 

forage class were assumed to be similar. Then, for each 

crop, the estimated percentage of each identified and 

measured species in its respective forage class was 

multiplied by the weight of the forage class to obtain an 

estimate of the dry weight of that species in the crop 

contents. Annual percentages of forage classes and species 

in the crops were calculated by the aggregate volume method 

(Martin et al. 1946), except dry weight was used. 
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Individual crop contents were recombined and ground to 

pass a lmrn screen. Crop contents were analyzed for percent 

neutral detergent solubles (NDS) (Goering and Van Soest 

1970), total phenols (Singleton and Rossi 1965), gross 

energy, and crude protein as described in Chapter 3. When 

there was insufficient crop material for all analyses, 

priority was assigned in the following order: NDS, phenols, 

GE, crude protein. The percent rnetabolizable 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 (see Chapter 1): 

ME= 0.87(NDS - phenols) + 0.18(% acorn meat) - 5.76 

The predicted ME per gram of forage dry matter was 

calculated from %ME and GE (kcal/g). Values for NDS and 

total phenols were likely reduced by freezing and oven-

drying of crop contents; however, the effect (most likely an 

underestimation) on ME estimates was probably small because 

changes in NDS and total phenol values are largely 

offsetting in the ME prediction equation {see Chapter 1). 

Monthly values of ME (% and kcal/g), total phenols, and 

crude protein were expressed as percentages or kcal/g of the 

aggregate total crop content weights (equivalent to a 

weighted mean with heavier crops having a greater influence 
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on results) for each month in order that food habits and 

nutritional quality data would be directly comparable. 

Standard errors of weighted means were calculated as in 

Chapter 1. A protein-energy ratio (g protein per·100 kcal 

ME) for the crop contents was calculated for each year using 

.the aggregate protein and ME .. (kcal/g) values. Sex, month, 

and year differences in fat and reproductive measurements 

were tested by analysis of variance using SAS (Ray et al. 

1982). Ovarian weight data were transformed to log values 

for A.NOVA to equalize variances, but unweighted means are 

presented in tables. · Specific differences among years were 

.examined with Tukey's multiple range test with the Kramer 

modification for unequal sample sizes. 

RESULTS 

Food Habits anc:l Diet Qua),i ty 

Mean weight (SE) of the crop contents was 3.4g (0.8) in 

. 1982, 2.4g (0.9) in .1:983, and 2.2g. (0.6) in 1984. In all 

years, crop contents wer~ composed primarily of harc:;l fruits, 

herbaceous leaves, or buds and twigs (Table 4.1). Other 

forage classes were .. o~ lesser importance ( <7%). Hard fruits 

were found in 13 crops in 1982 and made up 63% of the diet 

of these grouse. Hard fruits were found in only three crops 

in both 1983 and 1984. Acorn meat made up nearly all (>94%) 

of the hard fruit found in all years (Table 4.2). Acorns 
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Table 4. L Foods from crops of 63 ruffed grouse collected 
· in March and April 1982-84 in Craig and Giles counties, · 
Virginia. Values are freqi.lency of occurrence (number of 
crops) and percent dry weight. 1 

1982 .1983 1984 
{N:.::22) (N=21) (~=20) 

Forage class Freq. % Freq. % Freq. % 

Hard fruit 13 63 3 30 3 4 
Soft fruit 4 2 0 0 ·s 5 
Herbaceous leaves 

and flowers 19 16 18 43 16 60 
Ferns 9 4 4 2 4 2 
Deciduous leaves 7 3 5 2 5 4 
Evergreen leaves 4 2 3 2 2 7 
Buds and twigs 10 6 8 22 9 19 
Animal matter 3 2 1 t 0 0 

1 t=trace (<0.5%). 
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Table 4.2. Species composition of foods from crops of 63 
ruffed grouse collected. in March and April 1982~1984 in 
Craig and Giles counties, Virginia. Values are frequency of 
occurrence (number of crops) and percent dry weight. 

1982 
(n=22) 

Species 1 Freq. % 

Acorn 10 60. 0 
(Quercus spp.) 

Maple£. 4 3.8 
(Acer spp.) 

Coltsfoot fl. 3 2.8 
(Tussilago farfara) 

Dandelion 1. 4 2.3 
(Taraxacum 
officinale) 

Greenbrier 1. ·2 0.5· 
(Smilax spp.) 

Mountain laurel 1. 2 2.4 
(Kalmia latifolia) 

Christmas fern 6 3.5 
(Polystichurn 
acrostichoides) 

Cinquef oil l. 2. O 
(Pot•ntilla spp.) 

Trailing arbutus 1. 0 0 
(Epigaea repens) 

Wintergreen 1. . 0 0 
(Gaultheria 
procurnbens) 

Grape f. 0 O 
(Vi tis spp. J 

Greenbrier f. ·o O 

Total identifed 74.9 

1983 
(n=21) 

Freq. % 

3 29.7 

0 0 

4 22.2 

7 3.7 

2 2.0 

0 0 

4 1.6 

6 2.3 

1 0.1 

2 2.0 

0 0 

0 0 

63.6 

1984 
(n=20) 

Freq. % 

2 3.5 

1 0.2 

6 20.4 

1 4.8 

5 3.5 

2 6.5 

3 0.8 

3 5.0 

0 0 

0 0 

1 0.2 

2 5.1 

50.0 

1 Plant part abbreviations: l.=leaves~ f .=fruits, 
fl.=flowers. 
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were not identified to species in the present study because 

in nearly all cases only the acorn meat was found in the 

crops, and this made identification difficult. Herbaceous 

leaves and flowers were the most common forages in crops in 

all years (occurred in >75% of crops). Flowers of coltsfoot 

(Tussilago farfara) made up a large part of the herbaceous 

leaves forage class in 1982 (17%), 1983 (52%), and 1984 

(37%). Buds and twigs were utilized the least when acorns 

were abundant. Buds found in crops were typically swelled 

or partially open with emerging leaves. Therefore, the buds 

and twigs measured in this study probably are greater in 

nutritional quality than the buds and twigs of winter diets. 

Total phenols in crop contents tended to be highest in 

1982 (8.3%) and lowest in 1984 (4.3%) (Table 4.3). Gross 

energy was lowest in 1982, the year that acorns were the 

most common in the crop contents. Metabolizable energy 

levels were greater than 60% and 2.6 kcal/g for both 1982 

and 1983, but only 50% and 2.30 kcal/gin 1984. However, 

the food habits and diet quality data for 1983 were strongly 

influenced by one crop that contained 14g of acorns, well 

above the average crop weight of 2.4g for that year. This 

crop, which also was exceptionally high in GE (4.8 kcal/g), 

made up 29% of the combined weight of all crop contents for 

1983 and, therefore, had a substantial influence on food 
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Table 4.3. Neutral detergent solubles CNDS), total phenols, gross 
energy CGE), metabolizable energy CME), crude protein, and protein-
energy ratios CP/E) of foods from crops of 63 ruffed grouse collected in 
March and April 1982-1984 in Craig and Giles counties, Virginia. Values 
are weighted means, standard errors of weighted means, and number of 
crops. 

NDS {X) 
Total phenols (X) 
ME (X) 
GE Ckcal/g) 
ME Ckcal/g) 
Protein (X) 
P/E (g protein/ 

100 Kcal MEll 

74.3 
6.7 
64 

4.21 
2 .68 
14.6 

5.45 

1982 

SE 

3.2 
1.1 
4.4 
0.88 
0.16 
1.9 

N 

20 
20 
20 
18 
18 
15 

74.8 
5.4 
60 

4.57 
2. 78 
14.1 

5.07 

1983 

SE 

2.7 
1. 0 
3.2 
0.15 
0.22 
1. 9 

N 

17 
17 
17 
11 
11 

9 

66.8 
3.5 
50 

4.49 
2.30 
17.4 

7.57 

1984 

SE 

2.7 
1.1 
2.9 
0.10 
0.15 
2.9 

1 Calculated from mean ME Ckcal/g) and mean protein (X) values. 

N 

19 
19 
19 
17 
17 
14 
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habits and diet quality results. Elimination of this crop 

from the 1983 data analysis produces food habits values 

(hard fruit=3%, herbaceous leaves=57%, buds and twigs=32%, 

all other forage classes<3%) and diet quality values 

(phenols=4.1%, ME=53% and 2.32 kcal/g, protein=17.4%, P/E 

ratio=7.50) that were similar to 1984 values. These latter 

values probably better reflect the actual food habits and 

diet quality of the grouse collected in 1983 and in years 

when acorns are not available in the spring. 

Food habits and diet.quality data also were analyzed by 

month. The crops collected in 1982 were excluded from this 

analysis as was the one crop from 1983 that contained 14g of 

acorns. High availability of acorns in the spring is 

probably unusual as will be discussed later. Eliminating 

grouse that had access to acorns in the spring allowed an 

examination of more typical spring diets, which contained 

few fruits. 

More than 50% 0£ the crop contents consisted of 

herbaceous leaves and flowers in both March and April· (Table 

4.4). Buds and twigs made up 32% of the crop contents in 

April compared to 9% in March. All other forage classes 

composed less than 10% of the crop contents in both months 

(Table 4.5). Total phenol and ME(% and kcal/g) values were 

similar in both months. The percent protein and P/E ratio 

of crop contents increased from March to April. 
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Table 4.4.· Foods from crops of 40 ruffed grouse collected 
in March and April 1983-84 in Craig and Giles counties, 
Virginia. Values are frequency of occurrence (number of 
crops) and percent dry weight. 1 

March April 
(N=l9) (N=21) 

Forage class Freq. % Freq. % 

Hard fruit 1 1 3 5 
Soft fruit 1 9 1 t 
Herbaceous leaves 

and flowers 16 70 17 53 
Ferns 5 4 2 1 
Deciduous leaves 5 6 4 2 
Evergreen leaves 1 t 4 8 
Buds and twigs 6 9 11 32 
Animal matter 0 0 1 t 

1 t=trace (<0.5%). 
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Table 4.5. Neutral detergent solubles (NDS), total phenols, 
gross energy (GE), metabolizable energy (ME), crude protein, 
and protein-energy ratios (P/E) of foods from crops of 40 
ruffed grouse collected in March and April 1983-1984 in 
Craig and Giles counties, Virginia. Values are weighted 
means, standard errors of weighted means, and number of 
crops. Crops collected in 1982 and the one crop collected 
in 1983 that contained a large amount of acorns were 
excluded. See text for explanation. 

March April 

x SE n x SE n 

NDS (%) 68.1 2.1. 16 69.3 2.6 19 
Total phenols (%) 2.6 0.6 16 4.4 1.1 19 
ME (%) 51 . 2 .1 16 52 2.9 19 
GE (kcal/g) 4.28 0.09 11 4.50 0.11 16 
ME (kcal/g) 2.24 0.09 11 2.32 0.16 16 
Protein (%) 15.0 0.9 10 18.8 3.0 12 
P/E (g protein/ 

100 Kcal ME)l 6.70 8.10 

1 Calculated from mean ME (kcal/g) and mean protein (%) 
values. 
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Carcass Fat 

Fat weight, percent carcass fat and lipid index were 

greater (P=0.0001) in females than males, greater (P<0.011) 

in March than April, but did differ (P>0.20) among years 

(Table 4.6). Absolute differences in fat data between sexes 

or months and among years are greater for lipid index than 

percent carcass fat because the divisor of the lipid index 

is not influenced by fat levels. However, conclusions 

derived from the two indexes were identical because 

variances also were proportionally larger for the lipid 

index and significance levels of statistical tests are 

similar. 

Body weight was not different among years (P=0.80), 

between months (P=0.15) or between sexes (P=0.54) (Table 

4.6). However, there was a month x sex interaction 

(P=0.0005). Females gained weight from March to April, 

whereas males tended to lose weight. In general, there was 

poor agreement between changes in body weight and changes in 

carcass fat. 

Reproductive Organ Measurements 

Oviduct (P=0.0001), paired ovarian (P=0.0001), and 

paired testes (P=0.04) weights were greater in April than in 

March (Table 4.7). Only oviduct weight was different 
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Table 4.6 Percent carcass fat ( Y.), lipid index [(g fat/fat-free carcass 
weight) x 100], carcass fat weight (g), and whole body weight ( g) of 
ruffed grouse collected in Giles and Craig counties, Virginia. 

Carcass Body Carcass 
fat lipid weight fat 
(Y.) index (g) (g) 

N x SE x SE 5<: SE x SE 

March, 1982 
Females 10 22.4 1.3 29.2 2.2 627 12 37.5 3.2 
Males 2 10. 7 4.9 12.3 6.2 660 15 16.9 8.4 

Apri 1, 1982 
Females 7 18.3 1.2 22.6 1.8 677 15 29.7 2.4 
Males 3 5.6 1.5 6.0 1. 7 5.97 25 7.5 2.2 

March, 1983 
Females 3 16.0 7.0 20.8 10.7 616 43 27.9 15.8 
Males 6 11. 3 1.5 13.0 2.0 597 45 19.5 3.3 

Aoril, 1983 
Females 9 14.8 2.1 17.0 3.0 632 10 22.7 4.0 
Males 2 2.4 0.5 2.5 0.6 615 49 3.0 0.4 

March, 1984 
Females 3 20.0 4.4 25.9 7.0 618 36 34.l 9.2 
Males 7 7.8 1. 9 8.8 2.4 660 29 13.7 3.9 

Apri 1, 1934 
Females 7 13.8 3.5 17.3 5.2 640 10 23.4 6.9 
Males 3 2.6 0.5 2.7 0.5 617 6 3.8 0.9 



Table 4.7. ovarian, oviduct, and testes weights lgJ, nunber of largo 1>4mmJ, small 12-4mmJ, and ovulated follicles, and 
the number of females that had ovulated at least once of ruffed grouse that wore collected in March and April, 1982-1984. 

Paired 1 
Number of ovarian follicles Number 

Pairedl 
Oviduct1 ' 2 of 

ovarian testes females 
~ieight weight weight >4111111 2-4mm Ovulated with 

ovulated 
N x SE N x SE N )( SE N )( SE x SE >< SE follicles 

l2fil 

March 10 0,5 0.1 10 1.8 0.4 2 0.5 0.2 10 0.7 0.3 4.3 1.2 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 5.7 1.0 2.6 0.5 7 

1983 f--' 
-"' VI 

March 3 0.3 0.1 3 0.9 0.6 7 0.7 0.1 3 0 3.3 0.1 0 0 

April 9 (;. 6 1.6 9 9.8 0.3 2 1.3 0.1 9 2.6 0.6 5.8 0.7 Z.7 o.s 8 

12.!!'.t 
March 3 0.2 0.05 3 0.5 0.2 5 0.9 0.3 3 0 4.3 1.5 0 0 

April 7 5.8 2.2 7 9.4 0.1 3 1.0 0.2 7 3.0 0.8 1.1.4 1.6 0.6 0.4 2 

1 Means aro different between months IP<0.051. 

2 Means are different between months and among years I P<0.05 J. Hean in 1982 was greater than in 1983 andl984. 
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(P=0.01) among years 1982 1983. Tukey's multiple range test 

indicated that oviduct weight only differed (P<0.05) between 

1982 and 1983. As expected, follicle counts followed the 

same pattern as ovarian weights with increased numbers in 

April. With the exception of 1984, most females had 

ovulated at least once by late April. Two of ten females 

collected in March 1982 had ovulated indicating that some 

nesting may begin as early as late March. 

DISCUSSION 

Collecting grouse along forest roads was the only 

practical method of obtaining a sufficient number of samples 

for analysis; however, the influence that this collection 

method had on food habits results is unknown. Grouse may 

have been attracted to roads in the spring as it was easy to 

collect birds at that time. A 2-week effort to collect 

grouse in the early fall from the same areas and by the same 

personnel was unsuccessful. It did not appear that grouse 

frequented roadways for grit, as grit was found in only 5 of 

the 63 crops examined. New herbaceous and deciduous leaf 

growth may appear first in forest openings such as roadways 

and attract grouse during the early spring. A number o.f 

crops were packed to apparent capacity with coltsfoot 

flowers, a forage that has not been previously reported for 

ruffed grouse. Coltsfoot produces flowers in the early 
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spring (many crops collected in March contained these 

flowers) and is common along roadsides. Newly emerging 

deciduous leaves were used heavily in April. 

Studies of ruffed grouse food habits in northern areas 

have found that catkins of quaking aspen were the primary 

spring forage (Vanderschaegan 1970, Woehr and Chambers 

1975). Stoll et al. ( 1980) also found that aspen catkins 

were the most common spring food in Ohio even though aspen 

comprises little of the total forest acreage in that state. 

Aspen is relatively rare in the predominately oak forests of 

the southeastern U.S., and'" therefore, not available as a 

food resource. Korschgen (1966) reported that hophornbeam 

(Ostrya yirginiana) catkins and buds made up 25% of the 

volume of fecal droppings in Missouri in April. Arboreal 

feeding by grouse in the present study was primarily limited 

to use of emerging leaves (recorded as buds and twigs in the 

present study); however, these leaves may have been taken 

from the ground. 

The fall of 1981 was an exceptional year for hard mast 

production. Acorn production in the Jefferson National 

Forest was the highest recorded in 32 years (Virginia 

Commission of Game and Inland Fisheries, 1982). The high 

occurrence of acorns in the crop contents in 1982 

demonstrates that in years of high hard mast production, 
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acorns can constitute a substantial part of the spring diet 

of grouse. 

When acorns were not available, the spring diet of 

ruffed grouse had approximately 2.2-2.3 kcal/g ME 

e~ME=S0-53%) and 15-19% protein. Protein levels of diets in 

the spring were greater than in fall diets in Virginia (see 

Chapter 3). Higher protein in spring diets was probably the 

result of the high use of herbaceous plants and a higher 

protein content in new spring growth. Also, dietary protein 

may increase from March to April with the increased 

availability of new emerging leaves. A diet containing 2.3 

kcal/g ME is in the upper part of the range of ME values of 

fall diets for Virginia and, therefore, is probably adequate 

for maintenance. Dietary ME (63%, 2.68 kcal/g) in 1982 was 

nearly 20% higher than in 1983-1984 crops without acorns. 

Therefore, ME was substantially increased when acorns were 

available. However, the higher ME in this case was due to 

the high digestibility of acorns and not to a higher GE 

content. The GE of the acorn meat in crops from 1982 was 

low (approximately 4.0 kcal/g) indicating they were low in 

fat. 

The adequacy of a diet containing 2.3 kcal ME/g and 

15-19% protein for grouse reproduction is unknown. However, 

2.3 kcal ME and 18% protein is adequate for domestic turkey 
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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. 1982:94). Beckerton and Middleton· 

(1982) found that in diets containing 3.1-3.5 kcal ME/g and 

21% protein resulted in the greatest reproduction in female 

ruffed grouse. Dietary protein in the present study was 

less than 21%; however, the lower ME in spring diets of wild 

grouse in Virginia: probably would lower the level of dietary-

protein required to maintain protein intake. The P/E ratio 
. ,,. 

of 7.5 found in the present study was 47% higher than the 

P/E ratio of the diet in the controlled study by Beckerton 

and Middleton (1982") that resulted in the greatest 

reproductive rate in female ruffed grouse. Therefore, given 

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 

(McLeod 1974, Lindroth and Batzli 1984). However, tannin 

levels in crop contents were low in 1983 and 1984 probably 

because tannins are not common in herbaceous annuals or 

abundant in new growth (Rhoades and Cates 1976). Protein 

digestibility potentially could have been reduced in 1982 

when acorns formed 60% of the diet. High levels of tannins 

have been found in acorns of some oak species (Ofcarcik and 

Burns 1971). 
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Mean percent carcass fat levels in females in all years 

and both months in the present study (11.3-22.4%) were 

greater than the mean of 4.8% for three spring-collected 

females collected by Norman and Kirkpatrick (1984). The 

reason for this difference in unknown, but may have been the 

result of variation among years or small sample size in the 

earlier study. Fat levels in females in March and April 

were nearly two times greater than the fat content of 

females collected in Ontario, Canada in March, April, and 

May (Thomas et al. 1974). It appears that there may be 

regional or annual variation in fat levels of prebreeding 

and breeding ruffed grouse. Although, no statistical 

difference in carcass fat was found among years in the-

present study, there was some evidence that differences may 

have existed. All 17 females collected in 1982 had carcass 

fat~ 13.8% (15 females had carcass fat~ 17%), whereas in 

1983, 4 of 12 females had fat levels~ 7.6%, and in 1984, 4 

of 10 females had fat levels ~ 8.3%. Seven of the 8 females 

with low fat levels were collected in April. High fat 

levels in spring 1982 may have been the result of acorn 

abundance the previous winter. In typical years, the late 

winter diet of grouse in the Southeast contains large 

amounts of low quality evergreen leaves (see Chapter 3). 

Large increases in fat reserves just prior to 
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egg-lay:i,~ng have been documented in wood ducks (Aix. sponsa) 

and mallards (Anas platyrhynchos) (Krapu 1981, Drobney 

1982). Mean carcass fat levels of females in spring 1983 

(14.8-16.0%) and 1984 (13.8-20.0%) were as high or higher 

than fall and mid-winter levels reported in other studies of 

southeastern grouse populations (Norman and Kirkpatrick 

1984, see Chapter 3), possibly indicating that female ruffed 

grouse are capable of increasing fat reserves prior to 

breeding if sufficient fOrage is available. 

Male grouse consistently had lower carcass fat levels 

than females. Fat levels 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). Decreased body condition 

during the breeding season also has been reported for male 

spruce grouse (Canachites canadensis) and bobwhite quail 

(Colinus virginianus) (Ellison and Weeden "1979, McRae and 

Dimmick 1982). Male ruffed grouse may forage less du.ring 

the breeding season becaus~ 0£ an increase in time ~pent oh 

territorial defense, or a strong attachment to a territory 

may limit food availability. 

The decrease in fat from March to April for both sexes 

was probably directly related to breeding activities. 

Reproductive organs weights increased markedly from late 
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March to late April. All but one female had :i,nitiated egg 

laying by late April for 1982 and 1983. The reason for the 

lower proportion of females that had ovulated (2/7) by late 

April in 1984 is i.mknown. Development of reproductive 

organs and initial egg laying probably utilized some fat 

reserves in 'females; however, mean fat levels were still 

relatively high in April. Mallards (Krapu 1981) and wood 

ducks (Drobney 1982) expend a large proportion of their fat 

reserves during laying. Fat levels of female grouse in the 

present study likely would continue to decrease below April 

levels until clutches were complete. Fat level.s of males 

may continue to decline through April as a result of 

continued territorial and breeding.behavior. 

Body weight appears to have little usefulness as a body 

condition index in the spring (see also Chapter 2). While 

carcass fat levels decreased from March to April in every 

year, mean body weight values were not different between 

March and April. For females, increases in oviduct and 

ovarian weight accounted for much of the increase in body 

weight. In addition, some females had fully developed eggs 

in oviducts in April which added to the variability in body 

weight measurements. 
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MANAGEMENT IMPLICATIONS 

The spring diet of ruffed grouse in the Southeast 

appears nutritionally adequate for reproduction. However, 

the ability of forest habitats in the Southeast to ~upply 

sufficient amounts of high quality food during the early 

breeding period may be important in determining 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 utilized by grouse in .the present study. 

Abundant growth of high quality herbaceous forbs in Virginia 

forests may be limited to areas with maintained openings. 

An abundance of herbaceous forbs in March may be important 

for increasing fat reserves of female grouse prior to 

nesting, and management practices that promote herbaceous 

forb production ~,n March may improve breeding habitat for 

ruffed grouse. Food availability during the breeding season 

of ruffed grouse needs investigation in sou the.a.stern 

forests. 



154 

LITERATURE CITED 

Barret, M. W., and E. D. Bailey. 1971. Influence of 
metabolizable energy on condition and reproduction of 
pheasants. J. Wildl. Manage. 36:12-23. 

, Beckerton, P. R., and A. L. A. Middleton. 1982. Effects of 
·dietary protein levels on ruffed grouse reproduction. 
J. Wildl. Manage. 46:509-579. 

Breitenbach, R. P., C. L. Nagra, and R. k. Meyer. 1963. 
Effect of limited food intake on cyclic annual changes 
in ring-necked pheasant hens. J. Wildl. Manage. 
27:24-36. 

Drobney, R. D. 1982. Body weight and composition changes 
and adaptations for breeding in wood ducks. Condor 
84:300-305. 

Ellison, L. N., and R. B. Weeden. 1979~ Seasonal and local 
weights of Alaskan spruce grouse. J. Wildl. Manag~. 
43:176-183. 

Goering, H. K., and p_ J. Van Soest. 1970. Forage fiber 
analysis: apparatus, reagents, procedures, and some 
applications. Agric. Handb. No. 379. 20pp. 

Korschgen, L. J. 1966. 
grouse in Missouri~ 

Foods and nutrition of ruffed 
J. Wildl. Manage. 30:86~100. 

Krapu, G. L. 1981. The role of nutrient reserves in 
mallard reproduction. Auk 98:29-38. 

Lindroth, R. L., and G. 0. B~tzli. 1984. Plant phenolics 
as chemical defenses:· effects of natural phendlics on 
survival and growth of prairi.e voles, Microtus 
ochroaaster. J. Chem. Ecol. 10:229-244. 

Martin, A. C., R. M. Gensch, and C. P. Brown. 1946. 
Alternative methods in upland game bird food analysis. 
J. WildL Manage~ 10:8-12. · 

McRae, W. A.·, and R. W. Dimmick.. 1982. Body fat a11d blood 
serum values of breeding wild bobwhites. J. Wildl. 
Manage. 46:268~271. · 

McLeod, M. N. 
quality. 

1974. Plant tannins-their role in forage 
Nutr. Abstr. Rev. 44:803-815. 



155 

Menge, H., H. T. Forbish, B. T. Weinland, and E. G. Geis. 
1979. Effects of dietary protein and energy on 
reproductive performance of turkey.hens. Poultry Sci. 
58:419-426. 

Norman, G. W., and R. L. Kirkpatrick. 1984. Foods, 
nutrition, and condition of ruffed grouse in 
southwestern Virginia. J. Wildl. Manage. 48:183-187. 

Ofcarcik, R. P., and E. E. Burns. 
physical properties of acorns. 
36:576-578. 

1971. Chemical and 
J. Food Sci. 

Pattee, 0. H., and S. L. Beason. 1979. Supplemental 
feeding to increase wild turkey productivity, J. 
Wildl. Manage. 43:512-516. 

Ray, A. A., K. A. Council, and J. P. Sall. 1982. SAS 
user's guide, 1982 edition. SAS Institute, Raleigh. 
923pp. 

Rhoades, D. F., and R. G. Cates. 1976. Toward a general 
theory of plant antiherbivore chemistry. Pages 168-213 
In J. W. Wallace and R. L. Mansell eds. Biochemical 
interactions between plants and animals. Rec. Adv. 
Phytochem. 10:168-213. 

Scott, M. L., M. C. Nesheim, and R. J. Young. 1982. 
· Nutrition of the chicken. M. L. Scott and Assoc. 

Ithaca, N.Y. 562pp. 

Singleton, V. L., and J. A. Rossi, Jr. 1965. Colorimetry 
of total phenolics with phosphomolybdic-phosphotungstic 
acid reagents. Am. J. Evol. Viticult. 16:144-158. 

Smith, D. W., and N. E. Linnartz. 1980. The southern 
hardwood region. Pages 145-230 in J . .W; Barrett, ed. 
Regional silviculture of the United States. John Wiley. 
and Sons. 551pp. 

Stoll, R. J., Jr., M. W. McClain, C. M. Nixon, and D. M. 
Worley. 1980. Foods of ruffed grouse in Ohio. Ohio 
Fish and Wildl. Rep. 7. Ohio Dept. Nat. Res. 17pp. 

Thomas, V. G., H. G. Lumsden, and D. H. Price. 1975. 
Aspects of the winter metabolism of ruffed grouse 
(Bonasa umbellus) with special reference to energy 
reserves. Can. J. Zool. 53:434-440. 



156 

Vanderschaegan, P. v. 1970. Food habits of ruffed grouse 
at the Cloquet Forest Research Center, Minnesota. 
Unpubl. M. S. Thesis, Univ. Minn. 82pp. 

Virginia Commission of Game and Inland Fisheries. 1982. 
Black bear investigations. p. 1-20 in Virginia wildl. 
investigations annual progress report. Fed. aid in 
wildl. restoration projects W65-W71-R-2 and EW-1-6. 
457pp. 

Woehr J. R., and R. E. Chambers. 1975. Winter and spring 
food preferences of ruffed grouse in central New York. 
Trans. Northeast Sect. Wildl. Soc. 32:95-110. 



CHAPTER 5 

HABITAT USE AND FORAGE AVAILABILITY FOR A RUFFED GROUSE 
POPULATION IN SOUTHWESTERN VIRGINIA 

The diet of ruffed grouse in the southern Appalachians 

Mountains shifts to relatively low quality evergreen leaves 

in the late winter, suggesting that supplies of higher 

quality herbaceous and deciduous leaves are limited at that 

time (see Chapter 3). The relative abundance of such 

forages in grouse habitats may have a strong influence on 

diet quality in this region. However, measurements of foods 

available to grouse in southern habitats have not been.made; 

Habitat use by ruffed grouse in the fall and winter 

also has received little study in the southern Appalachians. 

White and Dimmick (1978) and Gudlin and Dimmick (1984) 

monitored fall and winter habitat use of grouse transplanted 

from Wisconsin to Tennessee and found that the most 

intensively used habitats were farkleberry (Vaccinium 

arboreum) and laurel (Kalmia latifolia) thickets and dense 

stands of hardwood saplings. Studies of resident 

populations have not been reported. 

The objectives of the present study were (1) to measure 

forage availability and habitat use in fall and winter for a 

ruffed grouse population in southwestern Virginia, (2) to 

measure the nutritional quality of winter forages available 
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in the study area, (3) to estimate forage~based carrying 

capacity for the study area, (4) to measure cover variables 

in habitat types present, and (5) to determine relationships 
-- ·~·-.. .......,...__ 

between habitat use by grouse and food and cover 

availability. 

STUDY AREA 

The study was conducted in a 1.8 x 1.3 km area known as 

Kelly Flats in the Jefferson National Forest in Giles 

County, Virginia (Figure 5.1). The study area is located 

between Fork and Big Mountains near Virginia State Route 

635. The site was selected because it was known as an area 
.) 

of relatively high grouse abundance and it contained a 

variety of habitat types in close proximity. The study area 

lies within the Ridge and Valley Province of .the Appalachian 

hardwood subregion (Smith and Linnartz 1980). The elevation 

on the area varied from 800 to 950m. The study area was 

partially bordered on the south by a maintained grass strip 

(20-40m wide) and further south by a two-lane road. On the 

east was a gate4 unimproved road for approximately one-half 

the border length. The northern and western boundaries and 

the remainder of the eastern boundary were arbitrarily 

situated to form a rectanglar area. The southern half of 

the area was on a relatively level valley floor. The 

northern half was situated on a south-facing slope. Forest 
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stands in the area were even-.aged as a result of past 

management. Approximate:).y 70% of the study area consisted 

of mixed-oak hardwood stands, 51-78 years old. 

Approximately 30% of the study area had been clearcut in the 

last 18 years. Overstory species primarily includ.ed white 

oak (Quercus alba), red oak (Quercus rubra), black oak 

(Quercus velutina), scarlet oak (Quercus coccinea), chestnut 

oak (Quercus prinus), hickory (Carya spp.), pitch pine 

(Pinus rigida), and Virginia pine (Pinus virginia). 

Understory vegetation was variable and primarily included 

saplings of overstory spp., blueberry and re:)_ated species 

(Vaccinium spp.), huckleberry (Gaylussacia spp.), red maple 

(Acer rubrum), flowering dogwood (Cornus f1orida), and white 

pine (Pinus strobus). Mountain laurel was an important 

component of the understory only in the northwestern portion 

of the study area which had a southwest aspect. The 

distribution of l~urel was patchy, ranging from sparse to 

dense thickets. Ground vegetation was dominated by aromatic 

wintergreen (Gaultheria procumbens), trialing arbutus 

(Epigaea repens), and galax (Galax aphylla). Oak 

regeneration characterized clearcuts except along a small 

stream that traversed one of the clearcuts. In the bottom 

bordering this drainage, white pine and hemlock (Tsuga 

canadensis) also were common in the overstory, and speckled 
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alder (Alnus incana), and sedges (Carex spp.) were common in 

the understory. 

METHODS 

For purposes of measuring forage availability, cover 

variables, and habitat use, ten forest stands were delinated 

in the study area based on age, overstory-understory 

composition, and location (Figure 5.1). Three clearcut 

stands, 4, 16, and 18 years old and approximately 11, 11, 45 

ha in area, repectively, were sampled separately. The 

clearcut bottom in the 18-year-old clearcut also was sampled 

separately. Six mature (51-78 year old) stands were 

sampled. The· mature hardwoods with the laurel understory 

found in the northwest corner of the study area were sampled 

as a single (mature hardwood-laurel) stand. Within this 

stand were two area.s of mature hardwood coves · (sampled as 

one stand) that were characterized by large ov.erstory stem. 

diameters and an absence of understory vegetation. Mature 

hardwood stands with relatively open understories occurred 

in the northeastern (mature hardwood-NE) and southwestern 

(mature hardwood-SE) portions of the study area. 

Approximately 8 ha in the mature hardwood-SE stand was 

thinned of stems <lScm and was sampled separately (thinned 

hardwoods). A mature hardwood stand on the southeastern 

corner of the study area had a white oak overstory with 

·'--'="""' 
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white pine common in the understory (mature hardwood-white 

pine). 

Measurements of forage availability, cover variables, 

and habitat use were made in the ten stands described above. 

Fall sampling was conducted from 1 October to 7 November, 

1982; winter sampling was conducted from l February to 10 

March, 1983. Nine permarient and parallel east-west 

transects were marked at approximately 150m intervals and 

numbered consecutively from north to south. The two 

transects adjacent and parallel to the gated road in the 

center of the area were separated an additional lOOm. 

Relative use of stands by grouse was measured by recording 

locations of grouse flushed while traversing transects. All 

transects were walked at least once per week during the 

sampling periods when weather permitted. Transects were 

walked only when winds were less than 15 mph and there was 

no precipitation. Either odd- or even-numbered (randomly 

selected) transects were walked in random order the first 

sampling day of the week and the remaining set the second 

sampling day of the week. Half the transects.walked each 

week were walked in the a.m. (randomly selected), starting 

approximately 1 hour after sunrise, and the other half were 

walked in the afternoon, finishing approximately 1 hour 

before sunset. An index of relative stand use was 
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calculated as the nulTlber of grouse flushed per kilometer of 

transect walked in each stand. 

Cover and forage availability measurements were made at 

randomly selected points. in each stand. At e;:ich sampling 

point, horizontal cover was measured from two randomly 

selected direttions at 0.5, 1.0, and 2.0m heights using a 

50cm x 20cm gridded density board. The percent area of the 

density board covered by vegetation was ocularly estimated 

to the nearest 5% from a distance of 6m. Total overhead 

canopy cover was measured with a spherical densiometer. 

Understory canopy cover between 1 and 3m in height was 

measured by the line intercept method using a l5;2m line 

centered on the sampling point in a randomly chosen 

direction. 

Green leaves in a lm x lm quadrat and from 0 to 0.5m 

from the ground were collected at each sampling point and 

placed in a labeled bag. A 4m x 4m guadrat centered on each 

sampling point was searched for acorns and soft fruits on 

the ground. Soft fruits above the ground were counted by 

species in the same guadrat and a representative sample was 

collected to determine average dry weights of fruits by 

species. Total dry weights of fruits were calculated from 

counts and average dry weights. Availability of buds and 

twigs was not measured because these forages are not common 
. . 
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in the diet of grouse in the Southeast. Also, tree species 

in which buds and twigs are commonly fed upon by grouse, 

such as cherry ('Prunus spp.) and birch (Betula $pp.) were 

rare in the study area. Forages collected from plots were 

frozen until analyzed. An approximately equal number of 

plots were measured in each stand each week during the 

sampling period to minimize time effects. Stands were 

sampled until the variance of the total weight of fresh 

forages per plot stabilized. 

Forages were freeze-dried and weighed by forage class 

and in some cases by species. Forage classes used included 

leaves of evergreen woody plants, leaves of deciduous woody 

plants, leaves of nonwoody herbaceous plants, ferns, hard 

fruits, and soft fruits. Definitions of forage classes are 

as in Chapter 3. 

Samples of leaves and/or fruits of seven common species 

or commonly used forages of grouse found during the winter 

in the study area were collected in February 1985. The 

species collected included leaves of mountain laurel 

wintergreen, dewberry (Rubus spp.),.partridgeberry 

(Mitchella repens), galax, and pyrola (Pyrola ellintica 

and/or Pyrola rotundifolia) and fruits of wintergreen and 

partridgeberry. Samples were immediately freeze-dried and 

analyzed for neutral detergent solubles (NDS), gross energy, 
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total phenols, and tannin phenols as described in Chapter 3. 

The percent ME for these forages was predicted with the 

following equation (see chapter 1): 

ME= 0.87(NDS-total phenols)-5.76 

The predicted ME (kcal per gram of forage dry matter) was 

calculated from %ME and gross energy. 

Season and stand differences in forage class weights 

were tested by the nonparametric Hettmansperger-Mi:;:Kean 

procedure (McKean and Hettmansperger 1976) because of 

nonnormal data and heterogeneous sample variances. This 

procedure requires equal sample sizes. Therefore, for 

testing purposes, the. number of plot samples per stand were 

equalized by randomly eliminating a small number of plots 

from some ~tands. Season and stand differences in cover 

variables were tested by two-way analysis of variance. 

RESULTS 

All transects were walked seven times in the fall, and 

a total of 29 flushed grouse was observed for 113km of 

transects walked (Table 5.1). Seventy-six percent of the 

grouse flushed were observed in the clearcut areas. The 

number of grouse flushed per km of transect walked tended to 

be greater in the clearcut areas than the mature stands. 

The mature cove hardwoods and the thinned hardwoods were the 

only stands where no grouse were flushed in the fall. 
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Table 5 .1. Total length Ckm) of transe.cts in forest stands, total 
distance·(kmJ .walked on transects, and total number of .grouse flushes 
observed on transects in fall and winter,l 

Fall Winter 

Total length Total No. Total No. 
of transects dist. No. flush. dist. No. flush. 

Stand in .stands walked flush. /km walked flush. /km 

4 year-old 
clearcut 1.33 9.3 9 0.97 6.7 0 0 

16 year-old 
clearcut 0. 71 5.0 1 0.20 3.6 l 0.28 

18 year-old 
clearcut 2.11 14.8 0.61 10.6 1 0.09 

Clearcut 
bottom 0.49 ~3.4 3 0.88 2.5 1 0.41 

Mature 
hardwood-
white pine 0.75 5.3 3 0.57 3.8 s 1.32 

Mature 
hardwood-
laurel 5. 74 40.2 2 0.05 28.7 1 0.03 

Mature 
hardwood-NE 1.13 7.9 l 0.13 5.7 0 0 

Mature 
hardwood-SW 2.20 15.S 1 0.07 11.0 0 0 

Mature 
thinned 
hardwood 0.63 4.4 0 0 3.2 0 0 

Mature cove 
hardwood 0.83 S.8 0 0 4.2 0 0 

lTransects walked seven times in fall and five times in winter. 
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Observations of grouse flushed while making cover and forage 

measurements also were recorded. All 24 flushes in the fall 

were observed in the clearcut stands. 

'Transects were walked fiVe times in the winter. Only 

nine flushes were recorded for 79.Skm of transects walked 

(Table 5.1). Three grouse were flushed in the clearcut 

areas and six in .the mature stands. Five of the flushes in 

the mature stands were observed in the mature hardwood-white 

pine stand. Nine flushes were observed during plot 

sampling, three in the clearcuts and six in mature stands 

(four in the mature hardwood-white pine stand). 

There were insufficient observations of flushed grouse 

to estimate grouse density on the study area. However, the 

greatest number seen in a single day's walk of the fall 

transects was eight; the maximum number observed in winter 

was four. 

Horizontal cover at 1.0m and 2.0m, understory canopy 

cover, and total canopy cover were different among stands 

(P=0.0001), but not different (P>0.05) between fall and 

winter (Table 5.2). Seasonal differences in horizontal 

cover at 1.0m and 2.0m did not occur because most deciduous 

leaves had fallen during the fall sampling period. 

Horizontal cover at O.Sm was different among stands 

(P=0.0001) and greater (P=0.0001) in the fall than the 
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Table 5.2. Number of sample plots, horizontal cover (;O at heights of 0.5, 
l.O, and 2.0m, understory canopy cover 1%), and total canopy cover 1%) in 
forest stands in fall andwinter. 

Stand {season)l N 

4 yr old 
clearcut 

16 yr old 
clearcut 

18 yr old 
.clearcut 

Clearcut 
bcttom 

Mature 

IF) 18 
(Ii) 18 

I FJ 17 
IHJ 18 

(f) 17 
IHJ 18 

I Fl 18 
IHJ 18 

hardwood- IF) 15 
white pine IHJ 15 

Mature 
hardwood- I F J 20 
laurel I H J 18 

Mature IF) 15 
harG.iood-NE IHJ 15 

Mature I F J 16 
hardwood-SH !NJ l5 

Mature 
thinned 
hardwood 

Mature 
cove 
har~ 

IF J 15 
IHJ 15 

IF J 15 
00 15 

Horizontal cover 

o.5m 

--·-x SE 

75 5 
59 6 

51 5 
.5.2 5 

56 7 
45 s 

82 5 
58 6 

is s 
26 4 

52 5 
40 5 

43 7 
30 5 

29 4 
20 4 

44 5 
31 7 

29 5 
19 4 

l.Om 

x SE 

32 6 
19 3 

25 2 
25 2 

29 3 
30 5 

28 5 
24 5 

14 3 
18 3 

15 2 
17 4 

13 3 
8 2 

13 3 
13 3 

10 2 
10 l 

9 3 
8 2 

2.0m 

x SE 

29 6 
14 3 

24 4 
24 3 

33 6 
27 3 

27 5 
21 4 

15 2 
23 4 

19 3 
19 5 

13 2 
7 l 

20 4 
18 5 

ll 2 
ll 2 

9 2 
7 l 

1Season abbreviations: F=fall, H=winter. 

Understory 
canopy 
cover 

x SE 

64 4 
49 4 

71 4 
70 4 

77 5 
75 4 

'55 7 
52 6 

64 6, 
60 6 

40 3 
46 6 

16 3 
21 5 

31 5 
34 6 

14 3 
15 4 

17 4 
15 4 

Total 
canopy 
cover 

SE 

64 8 
70 6 

90 2 
82 5 

83' 5 
82 5 

'82 4 
76 6 

98 l 
99 l 

97 1 
99 0.3 

96 0.2 
98 0.3 

99 0.2 
99 0.3 

94 l 
92 l 

99 0.2 
99 0.2 
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winter. There were no interactions (P<0.05) between season 
-

and stand for any cover variable measured. ·In general, mean 

values for understory canopy cover and horizontal cover at 

1.0m and 2.0m were greater in clearcut stands than in mature 

hardwoods as would be expected because of the well-developed 

shrub layer. Mean total canopy cover was greater in all 

mature stands than clearcut stands also as expected. The 

relatively high mean understory canopy cover in the mature 

hardwood-laurel stand and the mature hardwood-white pine 

stand was the result of their laurel and white pine 

understories, respectively. 

Only weights of evergreen leaf and herbaceous leaf 

forage classes weie tested for season and stand differences 

because other forage classes occurred only in.small amounts 

(fruits) or in the case of deciduous leaves consisted of 

species not used by grouse for food (e.g. leaves of oaks, 

maples, dogwood). The availability (kg/ha) of evergreen 

leaves of woody plants was greater (P<0.01) in fall than 

winter and differed (P<0.01) among stands (Tables 5.3, 5.4, 

5.5. 5.6). In general, clearcut stands contained greater 

quantities of evergreen leaves than mature stands. However, 

there was a season x stand interaction (P=0.01). The fall 

to winter decrease in evergreen leaves tended to be greater 

in clearcut stands than mature stands because clearcuts had 



Tablo 5.3. Dry woight and frequency of occurrenco lnumbor of plotsl of foragos in fivo of ten forest stands saq>led from 
October l to November 7, 1983. 

4 year-old 16 year-old 18 yoar-old Clearcut Haturo -thinned 
clearcut clearcut clearcut bottom hardwoods 

CN=l81 IN=l81 IN=l8 I IN=l81 IN=l41 

forage x SE Freq. x SE Freq. j( SE ·Freq. x SE Freq. x SE Freq. 

Leaves, evergreen 
wood\! nlants 

Total 165.1 28.3 18 84.6 lZ.9 17 108.l 16.3 16 57.0 12.3 18 98.4 17.0 14 
1<intorgreen 123.6 18.5 18 63.7 11.4 17 40.2 lZ.2 14 1.3 1.1 2 90.5 17.5 14 
arbutus 33.2 15.1 10 15.7 6.0 9 24.1 7.3 10 0.6 0.6 1 2.0 1.9 2 
dewberry 5.2 4.7 4 4.4 2.8 3 34.2 8.0 14 44.6. 13.l 16 1.4 0.8 6 
laurel 0 0 0.7 0.7 l 0 0 0.3 0.3 l 0 0 
partridgcborry 3.1 3.1 1 0 0 9.1 3.5 7 10.2 4.7 6 4.3 2.6 5 

Leaves, deciduous 
wood\{ elants 

...... 
Total 2.4 1.2 9 19.6 8.5 11 6.2 3.2 14 0.9 0.4 8 2.9 0.9 14 0 
grccnbrier 0 0.6 0.4 3 1. 7 1.0 10 0.1 0.04 2 0.4 0.2 6 

Leaves, herbaceous 
el ants 

Total 26.7 8.4 17 21.6 8.2 16 19.3 5.3 15 29 .. 9 12.6 18 8.5 2.6 11 
galax 18.4 9.0 10 16.6 8.6 8 6.Z 3;8 3 0 0 0 0 
pyrola 2.2 1.5 3 0 5 10.2 3.2 12 0.8 0.5 4 2.9 l.l 8 
grass 1.9 0.9 11 1.5 0.9 7 0.2 0.1 5 23.2 9.8 11 0.4 0.4 l 
olhor forbs 4.1 1.5 13 2.5 1.0 10 2.8 0.1. 10 5.9 3.6 13 5.2 1.6 11 

SoH fruits 

Total 0.01 0.001 4 0.06 0.06 1 0.04 0.02 5 3.3 2.5 8 0.3 0.3 7 
grccnbr-ier 0 0 0 0 0 0 3.2 2.5 6 0 0 
dog.-iood 0 0 0.06 0.06 1 0 0 0 0 0.3 0.3 2 
wi1llorfir'ecn 0.01 0.005 4 0 'O 0.01 11.003 3 0 0 0 0 
partridgeberry 0 0 0 0 0.04 0.03 4 0.02 0.01 2 0.02 0.03 2 

J!ard fruit 

Total 0 0 0 0 0.01 0.01 1 0 0 0 0 

Di fforence beh•een the total weight of a forage class and the sum of 
unidcnti fie.cl forage s.pecies. 

tho individual f.orages equals the weight of the 



Tablo 5.4. Dry weight and frequency of occurrence I ......W..r of plots I of forages in five of ten forest stands sa.,..,led from 
October l to Novembor 7. 1983. 

Mature Mature Mature hardwood Mature har~ Mature covo 
hardwood-NE hard<Jood-SH -white pine -laurel hardwoods 

IN=l51 rn~151 IN=l5l IN=20l IN=l41 

forage 1 -x SE freq. R SE Freq. S< SE freq. R SE Freq. )( SE froq. 

Leaves, everg~ccn 
woodll elants 

Total 54.0 7.1 15 48.9 7.8 14 24.l 11.l 14 81.l 11.1 19 23.2 8.1 12 
wintergreen 48.3 4.8 15 34.1 6.4 14 20.3 4 .• 9 13 58.2 10.6 19 23.2 8.1 12 
arbutus 5.7 3.3 4 7.2 2.6 9 0.8 0.8 l 2.8 2.0 3 0 0 
dewberry 0 0 0 1.0 0.3 8 2;4 1.0 5 0 0 0 0 
laurel 0 0 4.2 4.2 1 0 0 19.9 5.9 9 0 0 
partridgaborry 0 0 0.3 0.2 3 0.6 0.5 2 0 0 0 0 

Leaves, deciduous 
woody elants 

-....J 
Total 4.5 1.4 10 3.1 1.0 14 1.6 1.1 8 10.2 3.6 16 4.9 .1.4 12 __, 
greenbrior 0.4 0.3 3 1.5 1.1 8 0.1 0.1 3 1.36 0.4 10 0.6 0.3 6 

leaves, herbaceous 
ehnh 

Total 16.4 10.8 6 4.8 2.0 11 e.o Z.7 15 16.0 4.9 13 3.9 2.9 4 
galax 16.·Z 10.8 4 2.4 1.7 z 0 0 15.8 4.9 10 3.7 2.9 4 
pyrola 0 0 1.2 0.5 7 3.3 1.6 9 0.1 0.1 1 0 0 
grass 0 0 o.z o.z 3 2.1 1.4 9 0.03 0.03 l 0 0 
other forbs o.z 0.1 3 0.6 . 0.3 7 z.6 0.8 13 0.04 0.03 z o.z 0.1 z 

Soft h:Yill 
Total t l 0.086 0.045 6 0.001 0.001 2 0 0 0 l 
grccnbrier 0 0 0 0 0 0 0 0 0 0 
dogwood 0 0 0.080 0.046 3 0 0 0 0 0 0 
wintergreon t 1 0.003 0.003 1 0.001 0.001 z D 0 0.003 0.003 l 
partridgeberry 0 0 0.021 0.013 0 0.001 0.001 z 0 0 0 0 

Hard !ruil 
Total 0.33 0.18 4 0.02 0.02' 1 0 0 0.04 0.04 l o.n 0.15 4 

1oifference between tho total weight of a forage class and tho Sllll Of tho individual forages equals tho weight of the 
unidentified forago species. 

,• 

/ 



Table 5.5. Dry weight and frequency of occurrence lnumber of plots! of forages in five of ten forest stands sampled from 
February l to March 10, 1983. 

4 year-old 16 year-old 18 year-old Clearcut lfature thinned 
clearcut clearcut clearcut boH01n hardwoods 

IN=l81 IN=l81 01=181 IN=l8 I IN=l4 I 

forage R SE freq. R SE freq. x SE freq. R SE freq. x SE freq. 

Leaves, evergreen 
•mody elants 

Total 49.4 8.6 18 34·.0 5.4 18 31.4 4.7 18 16.7 15.8 13 59.l 9.0 15 
wintergreen 40.l 7.9 17 21.8 3.3 18 13.8 3.8 16 2.7 1.6 5 43.8 9.6 14 
arbutus 8.6 3.2 8 12.2 4.1 8 4.6 1.8 9 0 0 1.6 1.1 4 
dci.-iborry 0.7 0.5 2 0.04 0.03 3 2.5 0.7 13 1.6 0.5 13 0.3 0.1 6 
laurel 0 0 0 0 0 0 0 0 5.3 5.3 1 
partridgeberry 0 0 0 0 10.4 4.3 7 12.4 5.7 8 8.0 3.6 8 

Leaves, deciduous 
woody elants __. 

....... 
Total 0 0 0 0 0.02 0.02 l 0 0 0.01 0.01 1 N 

grcenbrier 0 0 0 0 0.02 0.02 1 0 0 0 0 

Leaves, herbaceous 
. E?!.;;_n ts 

Total 5.8 2.8 13 9.2 5.5 8 5.0 3.Z 13 4.5 1.1 17 18.8 15.7 14 
gillax 5.0 2.8 6 8.8 5.4 5 3.2 3.2 l 0.5 0.5 l 16.0 15.2 4 
pyrola 0.2 0.2 l 0.3 0.2 3 1.3 0.5 11 1.4 0.8 5 1.7 0.6 11 
grass 0.1 0.05 3 0.02 0.02 l 0.2 0.1 5 0.2 0.1 13 0.02 0.02 l 
other forbs 0.5 0.2 10 0.1 0.03 3 0.3 0.1 8 2.4 0.9 11 1.1 0.5 10 

Soft fruits 

fotal 0.002 0.001 0 0.01 0.005 3 0.02 0.02 l 0.02 0.02 1 0.0.6 0.03 7 
grecnbrier_ 0 0 0.01 0.005 1 0.02 0.02 0 o.oz 0.02 l 0 0 
cb9'•ood 0 0 0 0 0 0 0 0 0 0 
win·tergrccn 0.002 0.001 0 0 0.005 0.005 0 0 0.01 0.01 4 
parlridgcborry 0 0 0 0 0 0 0.005 0.005 2 0 .• 01 0.03 3 

Hard fruit 

Total 0 0 0 0 0 0 0 0 a.oz 0.02 l 

Difference between tho total weight of a forage class and the sum of t_he individual forages equals the weight of the 
unidont if ied for-age species. 



Table 5.6. Ory weight and frequency of occurrence rnunber of plotsl of forage$ in five of ten forest stands sampled from 
February l to Harch 10, 1963. 

Hature Hature Hature hardwood Mature harcfi.iood Hature cove 
hard.1ood-NE harc.li•ood-SH -white pine -laurel hard..ioods 

rN=l5J IN=l5 I IN=l5l IN=l6 l IN=l4 I 

Forag..,l 'R SE Freq. x SE Freq. Si SE Freq. "R SE Freq. )( SE Freq. 

Leaves, Evergreen 
woody [!}<mls 

Total 21.3. 5.3 15 21.0 4 •. 9 11 14.3 16.0 13 55.4 17.3 15 12.5 3.9 12 
wintergreen 17.1 4.5 15 11.4 3.3 11 11.0 4.2 13 29.9 14.Z 13 9.1 2.7 11 
arbutus 4.0 2.Z 6 5.7 z.6 4 2;4 2.4 l 3.7 1.6 6 0 0 
de1•berry 0.1 O.l l 0.4 0.3 6 0.6 0.3 7 0 0 0 0 
laurel 0 0 1.4 1.4 1 0 0 21.7 11.0 8 3.5 3.0 2 
partridgcberry 0 0 0.3 o.z 3 0.6 0.5 2 .o 0 0 0 

Leaves, dociduous 
woody [!lants 

Total 0 0 0.03 0.03 2 0.03 0.03 1 0 0 0.03 0.03 l __, 
greonbrier 0 0 0.03 0.03 2 0 0 0 0 0.03 0.03 1 ........ 

w 
Leaves, herbaceous 
el ants 

Total 1.5 1.0 3 1.1 0.4 7 5.1 1.6 14 8.9 5.3 7 0 0 
galax 1.5 1.0 z 0 0 0 0 8.8 5.3 7 0 0 
pyrola 0 0. 0.8 0.3 7 3.Z 1.0 12 0 0 0 0 
grass 0.05 0.05 1 0.1 0.1 2 0.4 0.2 7 0.08 0.07 2 0 0 
other forbs 0 0 0.2 0;1 7 1.5 0.7 13 0 0 0 0 

ferns 

Christmas fem 0 0 1.0 LO 1 0 0 0 0 0 0 

Soft frui.i§. 

Total 0.005 0.005 3 0.01 0.005 5 0 0 0.001 0.001 z t 1 
greenbrier 0 0 0 0 0 0 0 0 0 0 
dogwood 0 0 0 0 0 0 0 0 0 0 
wintergreen 0.005 0,005 3 0.01 0.00.5 5 0 0.001 0.005 z 0 0 
padridgcberry 0 0 0 0 0 0 0 0 0 0 

flard fruit 

total 0 0 0.13 0.13 1 0 0 0 0 0 0 

loifference between the total weight of a forage class and the sU11 of the individual forages equals the weight of the 
uni den ti ficd forage species. 
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greater amounts of evergreen leaves. Leaves of evergreen 

woody plants were the most common forages in all stands in 

both fall and winter. Evergreen leaves accounted for 63-89% 

of the mean forage biomass in all stands in fall and 74-99% 

in winter. Wintergreen leaves were the most common 

evergreen forage available in all stands with the exception 

of the clearcut bottom in the fall when dewberry leaves 

predominated. The total amount of laurel leaves in the 

mature hardwood-laurel stand was not determined because 

leaves higher than 0.5m above the ground were not collected. 

Herbaceous leaf biomass decreased (P<0.01) from fall to 

winter and was different (P<0.05) among stands (Tables 5.3, 

5.4, 5.5, 5.6). In general, herbaceous leaf biomass was 

greater in clearcut than mature stands. 

a season x stand interaction (P<0.05). 

However, there was 

As was the case for 

evergreen leaves, the decrease in herbaceous leaf biomass 

tended to be greater in clearcut stands than mature stands. 

The majority of herbaceous leaves in stands consisted of 

either galax, pyrola, or grass. Christmas fern was not 

abundant in the study area and occurred in only a few plots. 

Of the deciduous leaves collected (Tables 5.3, 5.4, 

5.5, 5.6), only greenbrier is commonly eaten by grouse. 

Total biomass of greenbrier leaves was underestim'ated in the 

fall because leaves on vines greater than 0.5m above the 
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ground were not collected during the fall sampling period. 

However, by the winter sampling period, greenbrier leaves on 

elevated vines had fallen or turned brown and this 

measurement problem did not occur. 

Acorn production was poor in the area during the year 

of the study (Tables 5.3, 5.4, 5.5, 5.6). Soft fruit 

availability was low during the fall, except in the clearcut 

bottom where greenbrier fruited heavily. Soft fruit 

availability was low in all stands during winter. 

Measurement results were consistent with field observations 

that fruit availability was low in all stands during the 

fall except for the clearcut bottom and nearly all ,of 

greenbrier fruit in the clearcut bottom had disappeared by 1 

February. 

Leaves of mountain laurel, trailing arbutus, 

wintergreen, and dewberry all had high levels of total and 

tannin phenols (Table 5.7). Predicted ME values of these 

forages were low, ranging from 1.93-2.10 kcal/g. Galax and 

pyrola, both evergreen herbaceous species, also were high in 

tannin phenols, but had slightly higher predicted ME values. 

In contrast, leaves of partridgeberry, which was classified 

as an evergreen woody forage, were low in tannin phenols and 

higher in ME (2.53 kcla/g) then other evergreen leaves. 

Wintergreen and partridgeberry fruits were low in tannins 

and had moderate levels of predicted ME. 
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Table 5.7. Neutral detergent solubles CNDS); total phenols, tannin 
phenols, gross energy, and predicted metabolizable energy CY. and 
kcal/g) of hand-collected winter forages of ruffed grouse .. 

Total Tannin 
NDS phenols phenols ME GE ME 

Forage 1 ( Y.) ( Y.) ( Y.) (Y.) Ckcal/g) Ckcal/g) 

Laurel 1. 70. 0 17.5 7.0 40 5.25 2.10 
Arbutus 1. 65.7 13.0 7.1 40 4.81 1.93 
Wintergreen l. 66.2 10.7 6.6 43 4.84 2.08 
Dewberry 1. 72.3 14.3 5.0 45 4.63 2.08 
Partridgeberry l. 74.6 2.7 0.04 57 4.44 2.53 
Galax l. 74.8 8.9 6.1 52 4.32 2.24 
Pyrola l. 77 .9 16.5 8.7 48 4.66 . 2.23 
Wintergreen f. 67.5 5.3 2.4 48 4.61 2.21 
Partridgeberry f, 64.2 l.2 0 49 4.71 2.19 

lp1ant part abbreviations: 1. =!eaves, f.=fruits. 
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DISCUSSION 

The apparent preferenc:~_by grouse for the clearcut 

stands in the fall was probably related to the cover 

provided by .the relatively dense vegetation. Frequent use. 

of habitats with a well-developed understory is well 

documented in other areas (Bump et al. 1947, Berner and 

Gysel 1969), and is consistent with findings for 

transplanted grouse in Tennessee (White and Dimmick 1978, 

Gudlin and Dimmick 1984). The highest relative use (grouse 

flushed/km) for the clearcut bottom may have been influenced 

by the high fruit production in that area, but there were 

too few obse·rvations to be conclusive. Observations of 

grouse in the mature hardwood-white pine .stand in the -~all 

and winter may have .been due to the clumps of white pine 
. . 

present and to the close proximity to the clearcuts. 

Evergreen leaves were available. in large quantities in 

nearly all stands in the study a~ea in late winter. These 

forages have low to moderate levels of ME, low levels of 

protein (see Chapter 3), and high levels of tannin phenols. 

Tannins are known to have a variety of detrimental 

physiological and. nutritional effects on birds and mammals 

(McLeod 1974, see Chapter 3). Based on food habits studies, 

gr<?use apparently avoid use of evergreen leaves because they 

occur in the diet only during the late wintei· period (see 
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Chapter 3). Two of the most common evergreen species found 

in the pr~sent study, wintergreen and trailing arbutus, were 

similarly found in abundance in mature and clearcut stands 

in December in the Broad Run Wildlife Research Area in 

southwestern Virginia (Harlow et al. 1975). Wintergreen and 

trailing arbutus leaves have not been found in large 

quantities in food habits studies in the Southeast (see 

Chapter 3, Smith 1977, Stafford and Dimmick 1979, Seehorn et 

al. 1981). Specific types of tannins or other protective 

compounds in these forages may cause grouse to avoid feeding 

on them. Partridgeberry leaves were low in phenols and have 

been found in food habits studies £or grouse (Nelson et al. 

1938), but they are not a commonly used forage (Smith 1977, 

Stafford and Dimmick 197Q, Seehorn et al. 1981). The high. 

availability and low recorded use of these easily accessible 

evergreen species suggests that they are not a valuable food 

resource for grouse. 

Herbaceous leaves in crop contents of grouse collected 

in the Southeast are high in ME and have low levels of total 

phenols (see Chapter 3). Of the herbaceous leaves available 

in this study area, galax and pyrola were high in tannins, 

and grasses are rarely eaten by grouse. Other uriictentified 
J 

herbaceous forbs found in the present study may constitute a 

high quali,ty food reSOUrCej however I biOffiaSS Of these 
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forages was low in winter, varying from 2.4 kg/ha in the 

clearcut bottom to 0.1-0.5 kg/ha in the three other clearcut 

stands and zero in many mature stands. Harlow et al. (1975) 

also found that herbaceous forb biomass was low, varying 

from 0.1 kg/ha 'in mature oak-pine stands to 0.5 kg/ha in 7 

year-old clearcuts in December. 

Grouse activity in the present study.was centered 

around the clearcut stands. The potential of clearcut 

stands in this study area for meeting energy requirements of 

grouse in winter can be calculated from forage bio~ass 

measurements and estimates of energy requirements for ruffed 

grouse. Captive ruffed grouse on a diet of commercial 

Purina Gamebird Chow consume an average of 0.655 kcal/g of 

ME per gram of metabolic body weight in the fall and winter 

(Appendix Table A.l). The average of male and female body 

weights in fall and winter in southwestern Virginia is 630g 

(Norman and Kirkpatrick 1984). Based on these data, a 630g 

grouse· would require 82 kcal/ctay. This estimate probably is 
I . • 

an underestimate of the energetic cost qf 'free•living' for 

grouse. 

For the three upland clearcut stands {excludes the 

clearcut bottom), mean biomass of ever~reen leaves of woody 

plants varied from 31.4 kgjha in the 18-year-old clearcut to 

.19. 4 kg/ha in the 4-year:--ol? cl.e.arctit during the winter 
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sampling period. Using an approximation of 2.00 kcal of ME 
-

per gram of evergreen leaves and an energy requirement for 

grouse of 82 kcal/day, the calculated ME available in a 10 

ha (25 acres) clearcut with the above range of evergreen 

leaf biomass could theoretically support 127 to 201 grouse 

for a 60-day period (late winter). ·aowever, as explained. 

previously, the two most common evergreen leaves, 

wintergreen and trailing arbutus, are rarely found .in large 

quantities in crops of grouse, indicating that these 

carrying capacities are substantial overestimates. 

Mountain laurel is the only evergreen species 

frequently fed upon by grouse in the Southeast (Smith 1977, 

Staftord and Dimmick 1979, Seehorn et al. 1981, see Chapter 

3). It is not unusual.for mountain laurel to occur in 

regenerating clearcuts, but laurel was not found in latge 

quantities in clearcuts.in the present study. The biomass 

of laurel leaves in the mature hardwood-laurel stand was 

high (21 kg/ha) and could theoretically supply food foir a 

large number of grouse. In addition, individual dense 

thickets of laurel would contain many times the average 

biomass recorded for this stand. Although eaten by ruffed 

grouse in substantial amounts in late winter, the low 

nutritional quality of laurel leaves may limit the value of 

this forage as a long-term winter food resource (see Chapter 

3). 
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Unidentified forb biomass in the upland clearcuts 

var-ied from 0 .1 to 0. 5 kgjha.. These forbs may represent a 

high quality food resource for grouse. The ME of 

unidentified herbaceous forbs was not measured; however, the 

predicted ME of herbaceous leaf samples from crops of grouse 

from Virginia was 2.78 kcal/g (see Chapter 3). Using this 

ME value, 0.1 to 0.5 kg/ha of herbaceous forbs in a lOha 

clearcut could theoretically support 0.5 to 2.8 grouse for 

60 days. However, if the average ME Vc:J,lue of crop contents 

is an overestimate of the ME of forbs found in the present 

study (grouse probably select forbs with higher ... than average 

ME), and if the estimate of winter energy. requirements is 

greater than 82 kcal/day as suspected; then carrying 

capacity estimates based on these herbaceous forbs may 

actually be nearer to zero. The clearcut bottom contained 

greater amounts of herbaceous f orbs than the Upland 

clearcuts; however, it is unknown whether 2.5 kg/ha found in 

that area is sufficient for efficient foraging by grouse. 

In Chapter 3, it was hypothesized that ruffed grouse in 

the Southeast utilize low quality evergreen leaves in the 

winter when supplies of higher quality fruits, herbaceous 

leaves, and deciduous leaves have decreased. In the three 

UR~and clearcuts, deciduous leaves (primarily greeribrier) 

. and commonly used herbaceous forbs probably were not 
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abundant enough to support grouse iri late winter, which 

would have necessitated use of evergreen forages by grouse 

occupying those habitats. The nutritional consequences of a 

dietary shift to low quality evergreen leaves in late winter 

is not known, but warrants further investigation. 
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RESEARCH NEEDS IN RUFFED 
GROUSE NUTRITIONAL ECOLOGY 

Results of the present study raised a number of 

questions for future research and delinated a number of 

areas where information on ruffed grouse nutritional ecology 

was lacking. Below is a list of research needs, some of 

which have been mentioned in individual chapters. 

1. The effects of tannin phenols on the prediction (using 

equations described in Chapter 1) of metabolizable energy of 

forages of ruffed grouse needs further study (see Chapter 1 

for further discussion). The ME of forages high in tannins 

may be overestimated by the prediction equation described in 

Chapter 1. 

2. The lack of information on the extent to which ruffed 

grouse digest hard seeds of soft fruits complicates efforts 

to measure the metabolizable energy of natural diets. 

Controlled studies could easily provide this information as 

well as provide a better understanding of the value of soft 

fruits as a food resource. 

3. Bone marrow fat has potential as a fat index for ruffed 

grouse. It may be possible to develop a method of 

distingishing grouse with depleted fat reserves by visual 
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inspection of bone marrow. The ulna bone may have the 

greatest potential for use because marrow fat is present in 

the ulna of waterfowl (Hutchinson and Owen 1984), and the 

ulna can be easily be collected from hunters. 

4. The effects of high levels of dietary tannins on ruffed 

grouse nutrition and physiology need to be determined. 

Studies could be conducted with natural forages high in 

tannin content and with purified tannins added to corilmercial 

feeds. Dietary protein Levels may strongly influence 

results in such studies (Lindroth and Batzli 1984) and, 

therefore, are an important consideration. 

5. The adequacy of mountain laurel as a winter forage. for 

ruffed grouse needs specific study because of the 

potentially toxic compounds it contains. Based on the 

limited data available, it appears that low (10-30%) levels 

of intake of laurel are tolerable for ruffed grouse. Future 

studies need to examine the effects of long-term use of 

laurel at moderate levels (50%) of intake and short- and 

long-term use at high levels (75-100%) of intake. Adequate 

acclimation of captive ruffed grouse to high fiber diets and 

laurel diets would be necessary. 

6. The hypothesized importance of quaking aspen flower buds 

as a winter food resource of ruffed grouse in northern 
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ecosystems is well known to grouse biologists. The 

nutritional value of quaking aspen flower buds and winter 

catkins of other tree species (i.e. hazelnut, birches, and 

hophornbeam) needs to be determined experimentally. Earlier 

work on the metabolizability of aspen flow.er buds by ruffed 

grouse (Hill et al. 1968) was highly criticized by other 

reseachers. The problems encountered in that research 

probably were due to inadequate acclimation of captive 

grouse to aspen bud diets. However, captive .grouse can be 

acclimated to low fiber diets and natural forages. Also, 

drying and grinding forages used in experiments may provide 

more reliable estimates bf metabolizable ehergy than f~eding 

whole forages if.captive birds do not have well developed 

gizzards. Grinding forages to a large particle size 

probably would not influence results because the gizzard of 

wild grouse appears efficient at grinding .these types of 

forages. 

7. In southeastern states, soft fruits are·the.primary 

J forages of ruffed grouse through January. High soft fruit 

production may be a characteristic of suitable grouse 

habitat in fall and winter. Relationships between soft 

fruit availability and habitat use by ruffed grouse needs 

investigation. 
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8. Food availability during the early breeding period of 

ruffed grouse needs investigation in the Southeast (see 

Chapter 4). Food availability may strongly influence the 

suitability of habitat for breeding. In addition, There is 

a need for information on the effects of poor quality diets 

(low protein, energy, and/or food intake) in late winter and 

early spring on subsequent reproductive performance by 

ruffed grouse. 

9. ·Fat reserves of many male ruffed grouse collected in 

spring in Virginia were depleted. There is a need for 

similar condition studies of male grouse in northern 

ecosystems for comparison. Depleted fat reserves in the 

Southeast may be as much a result of inadequate food 

availability as breeding activity. 
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Appendix A 

ENERGETICS AND DIGESTIVE CAPABILITY OF CAPTIVE RUFFED GROUSE 

Data on daily food consumption, metabolizable energy 

intake (kcal/g BW 0 • 75 ) and body weight change of captive 

ruffed grouse fed diets in metabolism trials described in 

Chapter 1 are reported in Appendix Table A.l, along with the 

metabolizable energy (kcal/g) content of the diets. Initial 

body weights were recorded during the diet acclimation 

period, two days prior to the fecal collection period. 

Final weights were recorded at the end of the collection 

period. All metabolism trials were conducted in outdoors 

enclosures in the fall and winter under natural temperature 

conditions. The daily average of minimum and maximum 

temperatures during trial collection periods varied from 3 F 

to 10 C in the Experiment 1-Fall digestion trial, -7 to 4 C 

during the initial Experiment 1-Winter digestion trials, -9 

to 5 C during the Experiment 2 trials, and -11 to -10 C 

during the Experiment 3 trials. 

Relationships between rnetabolizable energy intake (MEI) 

and body weight change (BWC) for individual grouse were 

examined by regression analysis for each experiment: 

Expt. 1, Fall MEI=l.45(BWC)+609 

Expt. 1, Winter MEI=36.2(BWC)+559 

Expt. 2 MEI=14.0{BWC)+603 
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r=0.47 P=0.007, N=32 

r=0.69 P=0.001, N=25 

r=0.56 P=0.001, N=30 
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Expt. 3 MEI=23.9(BWC)+715 r=0.70 P=0.001, N=29 

where: MEI=metabolizable energy intake in kcal/day/BWo., 75 

BWC=percent change in body weight. 

Predicted metabolizable energy in:take at zero weight change 

in the above regressions (intercept values) for each 

experiment were variable, ranging from 559 kcal/day/BW 0 • 75 

in the Experiment 1 winter trials to 715 kcal/day/BW 0 • 75 in 

Experiment 4. Metabolizable energy intake was likely 

influenced by temperature and diet palatability. 

The apparent digestibilities of neutral detergent fiber 

(NDF) and acid detergent fiber (ADF) in diets fed to captive 

grouse in the three experiments described in Chapter 1 are 

presented in Appendix Table A.2. Both NDF and ADF 

digestibility tended to be low (<20%) except for the diets 

containing large amounts of acorns (Experiment 3). Apparent 

fiber digestibility estimates may be affected to an unknown 

degree by high levels of phenols in some diets. Tarinin 

phenols can form complexes with dietary or endogenous 

protein which may elevate fecal fiber levels and, therefore, 

depress apparent fiber digestibilities. 



Appendix Table A.l. Summary of energetic data for captive ruffed grouse fed diets of 
commercial feeds and/or natural forages · in three experiments described in Chapter i. 

Dry Hetabolizable Body Initial 
Hetabolizable matter energy weight body 
energy of diet intake ·intake change· weight 

Ckcal/g) lg/d) Ckcal/d/BH 1%) Cg) 

Diet 1,-2 N x SE x SE >< SE >< SE x SE 

Experiment !• f§!l 

.Gamebird chow CG) 4 3.15 D.04 28.5 1.4 0.684 0.034 +l.6 1. 7 674 47 
Horse.chow IH> 4 1.80 0.07 46.0 2.6 0.697 0.053 -0.2 1.5 591 35 
H-aspen 1. 4 1.64 0.08 34.4 4.9 0.465 0.091 -5.5 1.8 628 21 
H-chokeborry f. 4 1.75 0.07 41.l 3.4 0.612 0.084 -6.6 3.1 587 37 
H-grapo f. 4 2.00 0.05 32.0 4.4 0.529 0.078 -5.l 3.0 60;1. 23 
G-auturnn olive f. 4 2.94 0.04 23.4 1.9 o.506 0.033 -0.1 1.3 701 44 
G-cinquefoil 1. 4 2.57 0.09 29.9 3.5 0.574 0.074 -1.2 1.1 688 31 
G-strawberry 1. 4 .?.57 0.09 27.7 2.1 0.543 0.048 -1.7 1.2 669 39 I-' 

"° I-' 

Experiment l• Hinter 

Gamebird chow 3 3.0'• 0.03 27.8 1.4 0.627 0.027 +l.3 0.2 689 26 
Hor.so chow 3 1.47 0.05 36.2 10.l 0.407 0.119 -4.0 3.1 670 3, 
G-birch b. 3 1.99 0.07 33.9 2.0 0.501 0.003 -0.3 0 .• 4 686 19 
H-acorn 3 2.53 0.06 27.Z 7.5 0.561 0~184 -1.7 1.4 662 67 
H-fcrn 3 1.55 0.01 25.9 3.7 0.320 0.064 -5.0 1.1 656 67 
G-!aurel l. ·, ... 3 2.17 ·o.2.4 25.4 2.1 0.420 0.069 -4.4 0.8 673 33 -
H-apple b. :. 3 1.49 0.03 37.8 ·4,7 o.454 • o.os1· -1.5 i.3 639 51 
G-aspcn b. '··4 1.85 0.05 36.0 2.1 0.509 0.036 -2.4 1.5 666 22 

E?merimen! ! 

1. Cherry f. 158), 
clover 1. 140) 4 2.69 0.08 26•9 1.7 0,581 0.049 -2.0 0.7 632. 53 

z. Corn C 73), 
dandelion 1. 125) 4 3.33 O.iJ7 27.6 1.5 0.840 0.041 +l.9 0.8 524 22 

3. Hawthorn f. C 38), 
strawberry.!. 140), 
cinquefoil 1. 120) 3 1.73 0.06 23.0 2.2 0.340 0.025 -10.6 2.6 ·572 36 



Appendix Table A.I. Continued. 

Dry Metabolizable Body Initial 
Metabolizable matter energy weight body 
energy of diet intake intake change weight 

!kcal/g) (g/d) Ckcal/d/BH 1%) lg) 

Dietl , 2 N x SE x SE x SE )( SE )( SE 

4. A. olive f. I 28), 
clover I. (40), 
dandelion 1. (30) 3 2.23 0.03 30.6 3.4 0.575 0.101 -3.1 1.3 606 81 

5. A. olive f. (73 ), 
honeysuckle I. ( 25) '• 2.62 0.04 23.6 1.5 0.516 0.033 -3.2 0.9 591 7 

6. Grape f. (58), 
laurel I. ( 25), 
Christmas fern 115) 3 1.94 0.14 28.4 1.0 0.499 0.029 -6.l 3.3 593 30 

'!-'-' 
!..D 

7. Grape I. I 58 ), N 
greenbrier. I. 140) 3 2.02 0.05 21.4 4.4 0.442 0.097 -4.0 2.0 564 37 

8. Sumac f. (50), 
a. olive f; 124), 
grape f, 124) 3 1.54 0.03 39.6 0.3 0.512 0.003 -13.3 7.9 562 20 

Exeerimen! !!: 

Red oak f. 170) 3 3.63 0.08 16.5 2.2 0.508 0.037. -5.8 3.6 591 115 
Red oak f. 150) 3 3.31 0.03 25.3 1.2 0.678 0.020 +0.5 1.2 615 13 
Red oak f. 130) 3 2.99 0.05 27.6 4.2 0.690 0.086 -1.4 2.5 582 15 
White oak f, ( 70) 3 3.39 0.03 27.8 0.9 0.783 0.045 +0.1 1.4 597 27 
Whii:e oak f. ( 50) 3 3.23 0.03 28.6 2.1 0.756 0.018 +0.7 0.8 605 37 
l'lhite oak f. 130) 3 2.91 0.0.2 34.9 2.8 0.828 0.039 +0.4 2.0 806 28 
Chestnut oak f. ( 70) 3 3.07 0.09 23.4 2.6 0.582 . 0.032 +1.1 0.1 607 28 
Chestnut oak f. 150) 3 2.98 0.06 29.3 1.4 0.735 0.018 +1.1 0.1 586 47 
Chestnut oak f. (30) 3 2.54 0.03 38.4 2.4 0.838 0.050 +4.l 0.4 670 77 

I Numbers in parentheses following forages listed in diets are percentages of forages in 
diet. 

2p}ant part abbreviations: !.=leaves, f.=fruits, b.=buds. 
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Appendix Table A.2. Apparent digestibilities (%) of neutral 
detergent fiber and acid detergent fiber by captive ruffed 
grouse fed diets of commercial feeds and/or natural forages 
in three experiments described in Chapter 1 .. 

Neutral Acid 
detergent detergent 

fiber fiber 

Diet 1 , 2 N x SE x SE 

Experiment .. L Fall 

Garnebird chow (G) 4 27.3 3.6 10.5 4.3. 
Horse chow (H) 4 13.9 2 .. 3 6.6 2.6 
H-aspen 1. 4 5.0 1. 0 1.1 0.5 
H-chokeberry f. 4 6.2 2.4 1.2 2.6 
H-grape f. 4 14.1 3.4 2.5 2.2 
G-auturnn olive f. 4 16~2 1. 7 8.3 3.1 
G-cinquefoil 1. 4 17. 3 2.3 8.9 3.9 
G-strawberry 1. 4 23.3 4.8 13.7 5.1 

Experiment .J.., Winter 

Garnebird chow 3 21. 7 1.5 2.0 2.5 
Horse chow 3 5.6 1.0 2.4 0.8 
G-birch b. 3 9.4 5.2 . 1.4 5.3 
H-acorn 3 12 .. 6 1.0 7.6 1. 6 
H.;,fern 3 2 .. 9 2.1 -3.5 2.9 
G-laurel 1. 3 14.7 2.2 12.3 2.6 
H-apple b. 3 12.3 1.9 8.1 1. 7 
G-aspen b. 4 8.9 0.8 -2.6 0 .. 4 

Experiment ~ 

1. Cherry f. (58) / 
clover 1. (40) 4 12.9 1.2 7.5 1.3 

2. Corn (73), 
. dandelion 1. (25) 4 17.9 1. 6 3.8 2.5 

3 . Hawthorn f. ( 38) / 
strawberry 1. ( 40) / 
cinquefoil 1. (20) 3 14.1 2.8 10.4 3.1 
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Appendix Table A.2. Continued. 

4. A. olive f. (28), 
clover 1. (40), 
dandelion 1. (30) 3 

5. A. olive f. (73), 
honeysuckle 1. (25) 4 

6. Grape f. (58), 
laurel 1. ( 25), 
Christmas fern (15) . 3 

7. Grape 1. ( 58) , 
greenbrier 1. (40) 

8. Sumac f. (SO), 
a . · o 1 i ve f . ( 2 4 ), 
grape f. (24) 

Experiment ~ 

Red oak f. (70%) 3 
Red oak f. (50%) 3 
Red oak f. (30%) 3 
White oak f. (70%) 3 
White oak f. (50%) 3 
White oak f. (30%) 3 
Chestnut oak f. ( 70%) 3 
Chestnut oak f. (50%) 3 
Chestnut oak f. (30%) 3 
Basal diet 3 

3 

3 

14.0 

10.0 

11. 7 

8.0 

18.7 

26.6 
17.0 
11. 7 
53.8 
40.8 
23.9 
50.6 
30.8 
18.3 
11. 6 

1.3 

1. 6 

0.6 

2.3 

3.3 

2.4 
1.0 
2.6 
0.5 
1. 0 
1. 5 
1. 3 
0.6 
1. 0 
0.8 

6.2 

11.1 

6.3 

4.0 

14.8 

14.2 
3.6 
5.3 

10 .. 1 
11. 8 
9.6 

13.3 
6.6 
4.5 
5.8 

1.8 

1. 6 

1.4 

3.1 

3.1 

4. 2. 
3.3 
2.5 
1.9 
3.7 
2.4 
3.0 
1. 6 
0.8 
1. 5 

1 Nurnbers in parentheses following forages listed in 
diets are percentages of forages in diets. 

2 Plant part abbreviations: l.=leaves, f.=fruits, 
b. =buds. 



Appendix B 

MEAN SQUARE TABLES 

Appendix Table B.1. Mean squares for predicted carcass fat 
of ruffed grouse collected in North Carolina .from November.;.. 
February between November 1981 and February 1984. 

Source DF Mean square P-value 

Month 3 76.3 0.0576 
Sex 1 134.1 0.0361 
Age 1 20.8 0.4040 
Month x Sex 3 8.1 0.8461 
Month x Age 3 56.7 0.1317 
Sex x Age 1 71.3 0.1246 
Month x Sex x Age 3 30.2 0.3910 
Error 102 29.8 

Appendix Table B .. 2. Mean squares for testes weights of 
ruffed grouse collected in Virginia in March and April 
between 1982 and 1984. 

Source DF Mean square P-value 

Year 2 0.045 0.7785 
Month 1 0.874 0.0427 
Year x Month 2 0.131 0.4948 
Error 15 0.178 
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Appendix Table B.3. Mean squares for ovarian (log 
transformed values) and oviduct weights of ruffed grouse 
collected in Virginia in March and April between.1982 and 
1984. 

Mean square P-value 

Ovarian Oviduct Ovarian Oviduct 
Source DF weight weight weight weigh"t 

Year 2 0.26 9.65 0.1455 0.0106 
Month 1 11.89 644.72 0.0001 0.0001 
Year x Month .2 0.02 0.56 0.9242 0.7419 
Error 33 0.13 1.84 

Appendix Table B.4. Mean squares for percent; carcass fat 
and.lipid index of ruffed grouse collected in Virginia in 
March and April between 1982 and 1984. 

Carcass fat Lipid index 

Source DF MS P-value MS P-value 

Year (Y) 2 50.6 0.2391 76.9 0.3686 
Month (M) 1 299 0.0048 532 0.0106 
Sex (S) 1 1339. 0.0001 2502 0.0001 
Y x M 2 1. 33 0.9622 1.01 0.9867 
y x s 2 15.0 0.6492. 27.6 d.6955 
M x s 1 18.7 0.4642 7.2 0.7591 
y x M x s 2 19.7 0.5672 26.6 0.7053 
Error 50 34.4 75.57 
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Appendix Table B.5. Mean squares for whole body weight (g) 
and carcass fat weight (g) of ruffed grouse collected in 
Virginia in March and April between 1982 and 1984. 

Fat weight Body weight 

Source DF MS P-value MS P-value 

Year (Y) 2 96.5 0.5286 442 0.8017 
Month (M) 1 1127 0.0084 4229 0.1514 
Sex (S) 1 3904 0.0001 808 0.5272 
y x M 2 5.32 0.9651 1410 0.4978 
y x s 2 56.5 0.6874 3670 0.1692 
M x s 1 46.3 0. 5803 27388 0.0005 
y x M x s 2 39.4 0.7695 789 0.6751 
Error 50 149.6 1993 
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Appendix Table B.6. Mean squares for horizontal cover at 
0. 5, 1. 0, and 2. Orn heights, understory canopy cover (UCC), 
and total canopy cover (TCC) in fall and winter ir+ forest 
stands in a study area in southwestern Virginia. 

Horizontal cover 

Source DF 0.5rn 

Season (SN) 

Mean square 1 9758 
P-value 0.0001 

Stand (SD) 

Mean square 9 9208 
P-value 0.0001 

SN x SD 

Mean square 9 438 
P-value 0.4952 

Error 312 468 

1. Orn 

230 
0.2674 

2.0rn 

750 
0.0821 

ucc 

125 
0.5572 

1998 1641 16958 
0.0001 0.0001 0.0001 

189 
0.4278 

186 

312 
0.2530 

246 

300 
0.5890 

361 

TCC 

54 
0.6256 

4140 
0.0001 

149 
0.7474 

226 
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Appendix Table B.7. ANOVA table for Hettrnansperger-McKean 
procedure for two-way analysis of variance with interaction 
using the ranks of the residuals for the weights of 
herbaceouse leaf and evergreen leaf forage classes measured 
in fall and winter in ten forest stands in a study area in 
southwestern Virginia. 

Mean F 
Source Reduction DF reduction ratio P-value 

Herbaceous 1-

Season (SN) 4.8220 1 4.8220 12.55 <0.01 
Error 269 0.3842 

Stand (SD) 7.2234 9 0.8026 2.09 <0.05 
Error 269 0. 3842 

SN x SD 8.1084 9 0.9009 2.33 <0.05 
Error 260 0.3860 

Evergreen .J... 

Season (SN) 124.61 1 124.61 73.22 <0.01 
Error 269 1. 70 

Stand (SD) 201. 50 9 22.39 13.16 <0.01 
Error 269 1. 70 

SN x SD 73.99 9 8.22 4.6Q <0.01 
Error 260 1. 79 



Appendix C 

SEXING RUFFED GROUSE IN THE SOUTHEAST 

The length of mid-rectrix feathers is one of the most 

commonly used criteria for sex determination in ruffed 

grouse. Grouse with mid~rectrix lengths greater than 15cm 

are classified as males, and those with mid-rectrix lengths 

less than 15 cm as females (Larson and Taber 1980:183). 

However, geographic variation in rectrice lengths, which 

necessitated use of region-specific length criteria, has 

been reported within Ohio (Davis 1969) and north-central 

states (Larson and Taber 1980:183). The number of white 

dots on the terminal end.of rump feathers (1 dot for females 

and 2 or 3 dots for males) was reported as an accurate (99%) 

criterion of sex in Quebec. Studies on the.accuracy of 

sexing techniques f.or grouse in the southeastern U.S. have 

not been reported, In the present study, two techniques, 

mid-rectrix length and the number of rump feather dots 

(Roussel and Ouellet 1975) were tested with 62 ruffed grouse 

collected in southwestern Virginia in March and April during 

1982-84. 

Twenty.:.four male and 38 female ruffed grouse were 

collected. in Virginia. Sex was determined by examination of 

reproductive organs. Mean + SE rnid-rectrix lengths for 
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females was 14.4 ± 0.1 cm, with a range of 12.6-16.6cm. The 

mean length for males was 17.8 ± 0.2, with a range of 

16.l-19.4cm. Using a 15cm length as a classification 

criterion, all males were correctly classified, whereas, 4 

(11%) of the females were misclassified as males. All 62 

grouse were correctly classified using the rump feather 

method. 

Distributions of length data for mid-rectrices of 

grouse collected in Maine (N=221), Wisconsin (N=86), New 

York (N=ll7), Ohio (N=64), Virginia (N=117), North Carolina 

(N=151), and Georgia (N=74) in fall and winter between 1981 

·and 1984 were examined for evidence of geographic variation. 

There was some evidence that mid-rectrix lengths in North 

Carolina and Georgia were greater than in northern states. 

Of the 424 rectrices collected in Maine, New York, and 

Wisconsin, only .2 (0.5%) were ~19cm in length (Figure C.1). 

In contrast, 18 rectrices {24% of total) collected in 

Georgia and 16 rectrices (11% of total) collected in North 

Carolina were ~19cm in length. Three (5%) and 4 (3%) of the 

rectrices collected in Ohio and Virginia, respectively, were 

~19cm. Comparisons of mean lengths between states are 

inappropriate because lengths vary with both age and sex 

(Davis 1969), both of which were unknown. However, adult 

males are known to have the greatest average mid-rectrix 
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lengths (Davis 1969), and the greater number of rectrices 

~19cm observed in North Carolina and Georgia may be an 

indication that the average rectrice length of adult males 

in the Southeast is greater than in northern states. If the 

mean rectrix lengths for other age-sex classes also are 

greater in the Southeast than northern areas then critical 

measurements for sex classification by mid-rectrix lengths 

would be greater in the Southeast than in the North. This 

is supported by the results for the grouse from Virginia of 

known sex which indicated that rectrix lengths of females 

exceeded 15cm in 11% of the cases. Using 15cm as a 

classification point, sex ratios (females:males) for both 

North Carolina and Georgia were 25:75. This highly 

unbalanced ratio is probably due in part to the 

misclassification of some adult females. 

Sexing criteria developed for Ohio grouse (Davis 1969) 

are probably the most appropriate available for use in the 

Southeast region because classification points are greater 

than 15cm (~16.lcm and ~15.3cm for adult and juvenile 

females, respectively). A disadvantage of this method is 

that accurate age classification is required. Using the 

criteria for Ohio may improve accuracy for sexing grouse in 

the Southeast; however, there is sufficient evidence for 

geographical variation in rectrix lengths to warrant study 
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of specific criteria for southeastern states. A better 

alternative may be the use of rump feathers for sex 

determination. This method was highly accurate in Virginia 

and Quebec (Roussel and Ouellet 1975), appears to be 

independent of age, and does not depend upon the measurement 

of a continuous variable. 
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