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ABSTRACT 

Effect of Nutritional Deficiency on Ruffed Grouse Condition and Reproductive Success 

Aaron B. Proctor 

 Maternal body fat condition (i.e., percent carcass fat) is often a focal point in determining 

reproductive success in female galliforms.  Previous research has centered around habitat-related 

nutritional parameters affecting body condition and the influence on reproductive capacity.  Past 

studies have shown that ruffed grouse (Bonasa umbellus) maintain higher mean body fat levels 

throughout the Appalachians and variation in body condition exceeds that found in northern 

grouse.  In the Appalachians, ruffed grouse with diets devoid of energy-rich hard mast have 

lower body fat condition.  It has been hypothesized that females in poorer condition will have 

lower productivity in the Appalachians.  We conducted a 2-year study of captive Appalachian 

ruffed grouse (subspecies Bonasa umbellus monticola) to assess the effects of 4 treatment rations 

varying in dietary energy and crude protein on female body condition throughout the pre-

breeding and reproduction periods using total body electrical conductivity (TOBEC) technology.  

Females on low protein rations maintained higher carcass fat levels than females on high protein 

treatments, although high protein treatments led to less fat loss during reproduction.  High-

energy rations produced females with higher fat levels prior to reproduction; however, adult 

females on high-energy treatments lost more fat during reproduction than low-energy treatments.  

We posit that the presence of low-protein, high-energy feed items in diets of Appalachian ruffed 

grouse potentially lead to higher percent body fat, whereas high-protein diets support leaner 

grouse.  We also determined the effect of body fat condition on onset of laying, egg quality, 

clutch size, and chick mass at hatch.  Our experimental treatment rations stratified females into 

differing fat condition classes, ranging from 3.9–43.5% body fat.  Although egg composition 

differed among condition classes, we found no evidence of a relation between fat condition and 

egg composition.  Female grouse were capable of producing comparable eggs, clutches, and 

chicks across varying planes of body fat condition.  Our results suggest that the effect of 

increased fat reserves in Appalachian ruffed grouse does not directly influence fecundity.  We 

propose that any influence female condition has on fecundity and chick survival is enacted after 

the nesting effort is complete. 
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CHAPTER 1 – INTRODUCTION, JUSTIFICATION, AND RESEARCH OBJECTIVES 

 

Ruffed grouse (Bonasa umbellus) are the most widely distributed upland game bird in North 

America (Bump et al. 1947).  Their range extends from Alaska south to California, and 

throughout the Rocky Mountains, including portions of Utah, Wyoming, Idaho, and Montana.  In 

eastern North America they are found from Labrador in Canada to British Columbia, and from 

Minnesota east through the New England states and south through the central and southern 

Appalachians into northern Georgia (Bump et al. 1947, Aldrich 1963, Gullion 1977, Johnsgard 

1983, Rusch et al. 2000; Figure 1.1).  The ruffed grouse’s northern range includes the Great Lake 

states into southeastern Canada, where the eastern (B. u. umbellus) and Canadian (B. u. togata) 

subspecies are found (Figure 1.1).  The southern range extends throughout the central and 

southern Appalachians into northern Georgia and is occupied by the Appalachian subspecies (B. 

u. monticola) (Figure 1.1).   

Historically, ruffed grouse densities are lower in the Appalachians than in the northern 

range (Servello and Kirkpatrick 1989a).  Bump et al. (1947:559) reported densities in the 

Adirondacks of New York to range from 7–22 grouse/100 ha.  Gullion (1977) reported densities 

ranging from 41–83 grouse/100 ha in prime habitat in Minnesota.    Although thought to be 

stable, grouse populations in the northern range fluctuate from low to high densities over an 

approximate 10-year cycle (Rusch 1989).  In the southern range, Weber and Barick (1963) 

reported densities of 7–10 grouse/100 ha in western North Carolina.  Observational evidence 

suggests that over the past few decades densities in the southern range have declined.  USGS 

Breeding Bird Survey data from 1966–2005 indicates a 5% annual decline in ruffed grouse 

populations in the Appalachian region (Sauer et al. 2006). 
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   Although most grouse research has originated in northern populations, researchers have 

recently focused on the southern range and potential factors for the perceived populations 

declines reported in this region.  Results from the Appalachian Cooperative Grouse Research 

Project (ACGRP), a 6-year study initiated in 1996 to investigate the decline of ruffed grouse 

populations in the central and southern Appalachians, suggested female nutrition and body 

condition as possible factors for declining densities (Long et al. 2004a). 

In the northern range ruffed grouse are primarily associated with aspen (Populus spp.; 

Figure 1.1) and consume a preponderance of aspen buds and catkins that are nutrient rich and 

abundant year-round (Bump et al. 1947, Svoboda and Gullion 1972, Gullion 1977, Servello and 

Kirkpatrick 1987, Barber et al. 1989, Hewitt and Kirkpatrick 1996).  In contrast, grouse diets are 

more varied throughout the central and southern Appalachians where aspen is sparse to absent, 

and high-quality nutrition may be scarce during poor mast years (Servello and Kirkpatrick 1988, 

Long et al. 2004).  When available, hard and soft mast are primary food items in fall and winter 

throughout the Appalachians; herbaceous leaves make up the bulk of the grouse diet in spring 

(Norman and Kirkpatrick 1984, Long et al. 2004b).  Long et al. (2004b) reported grouse crops 

collected in spring (March and April) contained 26% oak (Quercus spp.) and beech (Fagus sp.) 

mast, which remained available following a good mast crop the previous fall.  In the absence of 

hard mast in the southern range, grouse consume evergreen leaves, which are high in phenolic 

compounds that compromise nutrient absorption (Hewitt and Kirkpatrick 1997b).  Long et al. 

(2004b) reported evergreen leaves in 36% of grouse crops collected in the southern range, and 

found evidence that mountain laurel was an alternate food source when acorns were unavailable, 

with mountain laurel having the highest importance value among food items on 3 of 8 ACGRP 

study sites.  Consumption of such poor-quality diets when hard mast is unavailable may lead to 
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seasonal nutritional deficiency in Appalachian ruffed grouse (Servello and Kirkpatrick 1987, 

Hewitt and Kirkpatrick 1997b, Long et al. 2004b).   

 Thomas et al. (1975) reported that ruffed grouse in Ontario, Canada maintain low carcass 

fat levels (5.9–9.3%) year-round and hypothesized that in the northern range grouse feed 

frequently to maintain basal metabolic energy requirements.  Long et al. (2004a) reported that 

ruffed grouse collected in Michigan, Wisconsin, and Minnesota during April had lower carcass 

fat levels than grouse collected in the central and southern Appalachians during the same period 

(6.0 ± 0.4% [mean ± SE] vs. 10.8 ± 0.4%, respectively).  It has been hypothesized that grouse in 

the northern range can more easily meet their nutritional requirements due to the year-round 

availability of aspen catkins and buds, and therefore maintaining higher fat reserves does not 

provide a selective benefit (Svoboda and Gullion 1972, Gullion 1977, Servello and Kirkpatrick 

1987, Long et al. 2004b).  Whereas, grouse in the southern range are more vulnerable to local 

mast failures and in the absence of a reliable food source (i.e., aspen) will attain relatively higher 

mean carcass fat levels (i.e., stored energy) when resources are available to increase survival and 

reproductive success.  Long et al. (2004a) reported that when hard mast was present in crops of 

pre-laying female ruffed grouse collected in the Appalachians, percent body fat averaged 20.0% 

compared to 11.7% in grouse whose crops were devoid of hard mast.    Moreover, chick survival 

to 5 weeks post-hatch in the Appalachians was higher where females had moderate (37% 

survival) and high (26% survival) levels of carcass fat compared to females with lower fat levels 

(13% survival; Long et al. 2004a).  Devers and Stauffer (2004) found a positive correlation 

between chick survival and hard mast production the previous fall in the Appalachians, 

suggesting a possible link between female fat condition and productivity. 
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Determining the relation between female condition and reproductive success in wild 

ruffed grouse would be challenging, if not impossible.  In an experimental study of captive 

ruffed grouse in Ontario, Canada, Beckerton and Middleton (1982) reported increases in rate and 

duration of laying, first egg mass, mean egg mass, clutch size, clutch mass, chick mass at hatch, 

and chick survival to 9 weeks with increased protein content in test rations.  Although their study 

represents the only experimentally controlled investigation of nutrition and productivity in ruffed 

grouse, it did not examine the effects of nutrition on body condition or body condition on 

productivity.       

To further test the hypothesis that productivity is related to pre-laying condition, I 

maintained captive female ruffed grouse on rations differing in dietary energy and crude protein 

content to experimentally determine the effect of nutritional deficiency on female body condition 

and reproductive success.  Specific objectives and hypotheses of my study included:   

(1) Assess the effect of dietary energy and crude protein on female ruffed grouse pre-

breeding condition: 

(H1)  Females fed a ration higher in dietary energy and protein will maintain higher 

carcass fat levels relative to females on deficient rations. 

(H2)  Percent carcass fat in females will vary more than percent lean body mass. 

(2) Determine the relation of body condition of female ruffed grouse and clutch initiation, 

egg production, egg composition, and chick mass at hatch: 

(H1)  Females with higher percent carcass fat will produce higher quality eggs (% egg 

protein and fat), larger clutches, and larger chick mass at hatch. 

(H2)  Females with higher pre-laying percent carcass fat will have higher post-laying 

fat reserves compared to females with lower pre-laying percent carcass fat.  



Proctor et al.    5

CHAPTER 2 – LITERATURE REVIEW 

 

Ruffed grouse (Bonasa umbellus) are the most widely distributed upland game bird in North 

America (Bump et al. 1947).  They are typically known by a ruff of erectable feathers around the 

neck, and for the behavior of males that “drum” on logs to attract females and defend territory.  

Their range extends from Alaska south to California, and throughout the Rocky Mountains, 

including portions of Utah, Wyoming, Idaho, and Montana.  In eastern North America they are 

found from Labrador in Canada to British Columbia, and from Minnesota east through the New 

England states and south through the central and southern Appalachians into northern Georgia 

(Bump et al. 1947, Aldrich 1963, Gullion 1977, Johnsgard 1983, Rusch et al. 2000; see Chapter 

1 Figure 1.1).     

Ruffed grouse are one of 16 species of grouse that are characterized as predominantly 

ground-dwelling and chicken-like in morphology (Johnsgard 1983).  Grouse are in the order 

Galliformes and comprise the family Tetraonidae.  Ruffed grouse share the genus Bonasa with 

the Eurasian hazel grouse (B. bonasia) and black-breasted hazel grouse of China (B. severzowi).  

Johnsgard (1983) describes 11 subspecies of ruffed grouse in North America that are classified 

primarily by geographic region, whereas Runkles (1989) recognizes 12 subspecies.  The 

Canadian (B. u. togata) and eastern (B. u. umbellus) subspecies are found in the northern portion 

of the range from the Lake States into southeastern Canada (see Chapter 1 Figure 1.1; Johnsgard 

1983).  Ruffed grouse in the Appalachian region are of the subspecies B. u. monticola, for 

“mountain dwelling” grouse, and range from extreme southeastern Michigan through the 

southern portion of Ontario east through Pennsylvania and south through the Appalachian’s of 

eastern Ohio, West Virginia, Virginia, and mountain regions of North Carolina, Tennessee, 

Kentucky, and northern Georgia (see Chapter 1 Figure 1.1; Johnsgard 1983, Runkles 1989).     



Proctor et al.    6

Habitat 

Throughout the range, ruffed grouse inhabit primarily early successional upland deciduous 

forests with high stem densities, a mid-story component, and herbaceous ground cover (Bump et 

al. 1947, Edminster 1947).  Ruffed grouse in their northern range are primarily associated with 

aspen (Populus spp.; see Chapter 1 Figure 1.1).  Aspen regeneration with stem densities >14,000 

stems/ha and stem height >5 m is considered prime drumming habitat (Thompson and Fritzell 

1988, Barber et al. 1989b).  Conifers mixed within aspen stands are desirable, as they provide 

thermal cover for roosting ruffed grouse during storms and in winter (Barber et al. 1989b).  Snow 

roosting, the practice of burrowing under snow to reduce convectional heat loss is often observed 

in the northern range where snowfall is ample and more persistent (Bump et al. 1947, Edminster 

1947, Gullion 1970, Gullion and Svoboda 1972). 

Aspen is sparse to absent in the ruffed grouse’s southern range of central and southern 

Appalachians.  Ruffed grouse here are found in two primary forest types: oak-hickory and 

mixed-mesophytic forests (Whitaker et al. 2004, Whitaker et al. 2007).  Appalachian ruffed 

grouse have similar habitat requirements as ruffed grouse in the northern range, but meet these 

requirements within different vegetative types.  Evergreen shrubs such as mountain laurel 

(Kalmia latifolia) and great rhododendron (Rhododendron maximum) provide grouse overhead 

protection and thermal cover in winter (Barber et al. 1989b).  Tree species such as hickory 

(Carya spp.), oak (Quercus spp.), birch (Betula spp.), and cherry (Prunus spp.) replace the 

missing aspen component in southern grouse range (Whitaker et al. 2007).  Snow roosting is an 

infrequent behavior in the Appalachians.  Whitaker (2003) reported that in the absence of ample 

snow ruffed grouse showed no preference for roost microsite type, but were frequently found 
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ground roosting in fallen oak leaves that likely provide sufficient thermal cover in the southern 

range. 

Ruffed grouse nests are crude and bowl-shaped, and usually constructed in leaf litter at 

the base of a tree, stump, log, fallen branch, or rock (Larson et al. 2003).  Barber et al. (1989b) 

describes nesting habitat as fairly open at ground level, with tree stems 5–13 cm in diameter 

under a well developed overstory canopy.  In both the ruffed grouse’s northern range and 

throughout the Appalachians, brood cover is defined as containing mature herbaceous ground 

cover and a well-developed canopy to protect chicks from avian predators (Barber et al. 1989b, 

Haulton 1999, Jones et al. 2008, Tirpak et al. 2008).   

Density 

Historically, ruffed grouse densities have been lower in the Appalachians than in the northern 

range (Gullion 1977, Rusch and DeStefano 1989, Servello and Kirkpatrick 1989a). Bump et al. 

(1947:559) reported densities in the Adirondacks of New York to range from 7–22 grouse/100 

ha.  Densities range from 41–83 grouse/100 ha in prime habitat in Minnesota (Gullion 1977).  In 

the extreme southern range densities of 7–10 grouse/100 ha have been reported in western North 

Carolina (Weber and Barick 1963).  In the northern range densities are reported to fluctuate in 

approximately 10-year cycles (Rusch 1989); however, populations are generally considered 

stable given their cyclic behavior.  Anecdotal evidence suggests that over the past few decades 

densities in the southern range have declined.  USGS Breeding Bird Survey data from 1966–

2005 indicates a 5% annual decline in ruffed grouse populations in the Appalachian region 

(Sauer et al. 2006).  It has been suggested that this decline as well as historic differences in 

population densities of grouse between the northern range and Appalachian region are ultimately 

habitat related, and largely the result of differences in nutritional ecology. 
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Nutritional ecology 

     Dietary energy and protein.–– Galliformes eat to satisfy basal energy requirements and 

protein deficiencies are not believed to lead to increased food consumption (Nestler 1944, Hill 

and Dansky 1954, Cain et al. 1963, Barrett 1969, National Research Council 1984, Giuliano et 

al. 1996).  Bobwhite (Colinus virginianus) and scaled quail (Callipepla squamata) increase 

consumption of energy-poor foods to meet daily energy requirements, and eat to fulfill daily 

energy requirements when on ad libitum feed in captivity (Cain et al. 1963, Giuliano et al. 1996).  

Energy deficiency in female galliforms results in egg-laying delay, ovarian degeneration, and 

reduced egg production (King 1973).   

 Although energy is often considered the primary dietary parameter that determines the 

amount of feed consumed in galliforms, dietary protein also is important in physiological 

processes (Scott 1973; Allen and Young 1980; Beckerton and Middleton 1982, 1983; National 

Research Council 1984; Underwood et al. 1991; Koutsos et al. 2001).  Dietary protein is 

essential in supporting nitrogen needs for tissue growth and maintenance, feather growth, and 

reproductive processes in birds (Koutsos et al. 2001).  Protein deficiency or even a single amino 

acid deficiency can suppress growth in birds and cause a loss of body mass (Scott 1973, Allen 

and Young 1980, National Research Council 1984, Koutsos et al. 2001).  Beckerton and 

Middleton (1983) reported that as the level of dietary crude protein decreased there was a 

corresponding curvilinear decrease in protein:calorie ratio in captive ruffed grouse.  

Protein:calorie ratios in wild ruffed grouse in the southern range have been reported lower than 

the northern range, resulting from diets having increasingly lower dietary protein from north to 

south (Servello and Kirkpatrick 1987).   
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 Dietary energy and protein can have substantial effects on reproduction in galliforms 

(Breitenbach et al. 1963, Beckerton and Middleton 1982, Giuliano et al. 1996).  In an 

experimental study of ring-necked pheasant (Phasianus colchicus) in Wisconsin, Breitenbach et 

al. (1963) reported birds fed low protein rations maintained body mass until early in the 

reproductive season and then declined.  Egg laying in females on low protein rations was 

depressed (9% lower than control birds), but eggs were of normal composition and fertile.  

Beckerton and Middleton (1982) provided 5 isocaloric rations varying in protein content (7.6, 

11.5, 13.6, 17.0, and 20.1%) to captive ruffed grouse in Ontario, Canada, and found that 

increases in protein content were associated with linear increases in rate and duration of laying, 

clutch size, mean egg mass, clutch mass, mean chick mass at hatch, and chick survival to 9 

weeks.  Beckerton and Middleton (1982, 1983) reported females on lower protein rations lost 

more mass during laying, and suggested that female ruffed grouse on a protein deficient diet may 

produce lower quality eggs (lower protein and overall mass), which could negatively influence 

hatching and chick survival.  In Texas, Giuliano et al. (1996) studied the effects of different 

dietary energy and protein levels on reproductive success in captive bobwhite quail and scaled 

quail.  They reported that during laying, females fed energy-deficient rations lost more body 

mass than females fed protein-deficient rations, suggesting that dietary energy may be more 

important in maintaining body mass than protein.  In their study, energy-restricted rations 

negatively affected egg production in both species more so than protein-restricted rations 

(Giuliano et al. 1996).  However, egg mass was not affected by dietary energy or protein, 

suggesting that quail invest all available reserves into making viable eggs, which concurs with 

the conclusions of Breitenbach et al. (1963). 
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     Food habits.–– Throughout their range, ruffed grouse consume a wide variety of food items 

(Bump et al. 1947, Stoll et al. 1980, Seehorn et al. 1981, Thompson and Fritzell 1986, Servello 

and Kirkpatrick 1987).  Ruffed grouse in New York are reported to eat twigs, buds, leaves, 

flowers, fruits, and seeds from 330 different plant and tree species (Bump et al. 1947).  In Ohio, 

Stoll et al. (1980) found a total of 109 plant and invertebrate species in crops, fecal droppings, 

and digestive tracts of adult ruffed grouse and chicks.  In Missouri, ruffed grouse crops collected 

during fall contained 23 species of plants, with wild grape (Vitis spp.) being the most common 

(Thompson and Fritzell 1986).  Buds, twigs, and catkins make up the bulk of winter diets of 

ruffed grouse in New York, Wisconsin, Maine, and Washington (Servello and Kirkpatrick 1987).  

In the southern range, Seehorn et al. (1981) reported over 34 woody and herbaceous plant 

species in crops and gizzards of ruffed grouse collected in southwestern Virginia, western North 

Carolina, and northern Georgia.  Soft fruits have been found in 40–90% of winter crop contents 

in Georgia, North Carolina, and Virginia, and Indiana; and buds and twigs of cherry and birch 

were found in >50% of winter crop contents in West Virginia (Servello and Kirkpatrick 1987).  

Nutritional ecology studies of ruffed grouse have shown that habitats and associated nutritional 

conditions within the southern range differ markedly from the northern range where ruffed 

grouse are primarily aspen-dependent (Servello and Kirkpatrick 1987, Long et al. 2004b).   

 Ruffed grouse in oak-hickory forests in the Appalachians select for acorns in fall and 

winter when available (Servello and Kirkpatrick 1987, 1988; Long et al. 2004b).  Servello and 

Kirkpatrick (1988) found acorns to comprise 60% of crop contents following an exceptional 

acorn crop. During periods of low mast production, it has been hypothesized that ruffed grouse 

must spend more time foraging on lower-quality foods to meet basal energy requirements 

(Norman and Kirkpatrick 1984, Servello and Kirkpatrick 1987, Hewitt and Kirkpatrick 1997a).  
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When high-quality food items are limited or absent during winter, ruffed grouse alternately 

consume evergreen species such as mountain laurel (Stafford and Dimmick 1979, Servello and 

Kirkpatrick 1987, Long et al. 2004b).  During winter, ruffed grouse in the southern Appalachians 

consume substantial quantities of greenbrier (Smilax sp.; 20% of diet), mountain laurel (15%), 

and Christmas hollyfern (Polystichum acrostichoides; 11%) (Stafford and Dimmick 1979).  In 

the Appalachian region, Long et al. (2004b) reported evergreen leaves in 36% of grouse crops, 

and found evidence that mountain laurel was eaten in the absence of  acorns.   

 Evergreen leaves are higher in total phenols and tannins than most other ruffed grouse 

foods (Appendix A).  Overall effects of phenols and tannins are largely unknown, but are 

suspected to decrease palatability and nutrient absorption (Servello and Kirkpatrick 1987, 1989b; 

Hewitt and Kirkpatrick 1997b).  Hewitt and Kirkpatrick (1997b) fed captive female ruffed 

grouse 2 experimental diets containing 20% and 40% mixtures, respectively, of mountain laurel 

and Christmas hollyfern.  Females fed 20% evergreen rations showed no significant decrease in 

feed intake, whereas females fed 40% evergreen rations showed reduced intake rates, and could 

not maintain pre-study body mass.   

 Diets of grouse collected from March–April in the Appalachians differed substantially 

from grouse collected in the northern range during the same time period (Long 2007).  Soft and 

hard mast are preferred by ruffed grouse throughout southwestern Virginia from July through 

December; whereas, from January through April grouse select herbaceous plants (Norman and 

Kirkpatrick 1984).  In the northern range, grouse crops contained 46% aspen flower buds during 

the pre-breeding period, whereas crops collected from the Appalachians contained <1% aspen 

flower buds (Long 2007).  Long et al. (2004b) reported that during the pre-breeding period 

evergreen leaves, ferns, acorns, beechnuts (Fagus sp.), and soft mast were more prevalent in 
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crops of Appalachian grouse than in the northern range.  Higher ruffed grouse densities in the 

northern range are often attributed to the predominance of aspen, which provides a nutritious and 

readily available year-round food source of buds and catkins (Bump et al. 1947, Svoboda and 

Gullion 1972, Gullion 1977, Servello and Kirkpatrick 1987, Barber et al. 1989, Hewitt and 

Kirkpatrick 1996).  In the northern range, ruffed grouse can easily meet their daily food 

requirements by foraging for short periods in the morning and evening, thus reducing risk of 

predation and overall energy expenditure (Svoboda and Gullion 1972; Doerr et al. 1974; 

Huempfner and Tester 1988; Hewitt and Kirkpatrick 1996). 

Female condition 

Past studies have examined body condition as a possible factor affecting reproductive success in 

female galliforms (Breitenbach et al. 1963, Beckerton and Middleton 1983, Giuliano et al. 1996).  

In the southern range of ruffed grouse, it has been hypothesized that lower availability of fruits 

and herbaceous leaves in late winter may increase consumption of evergreen leaves and 

negatively affect breeding condition of female ruffed grouse and consequently population 

densities (Norman and Kirkpatrick 1984, Servello and Kirkpatrick 1987, Hewitt 1994, Long et 

al. 2004a).  Johnson et al. (1985) reported that carcass fat (lipid) levels are the most important 

factor in determining overall year-round body condition in birds based on their research on 

sandhill cranes (Grus canadensis) and greater white-fronted geese (Anser albifrons).   

Carcass fat also has been a focus in past studies of tetraonid physiology (Irving et al. 

1967, West and Meng 1968).  Willow ptarmigan (Lagopus lagopus) in Alaska maintain low 

body fat levels year-round (Irving et al. 1967, West and Meng 1968).  Irving et al. (1967) 

suggested that willow ptarmigan maintain themselves energetically by intensive feeding during 

evening hours, high metabolic rates for body heat, and dense feather insulation.     
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 Fat condition in ruffed grouse differs between populations in the northern and southern 

ranges (Thomas et al. 1975, Servello and Kirkpatrick 1987b, Long 2006).    Similar to willow 

ptarmigan, Thomas et al. (1975) found captive grouse in Ontario, Canada maintained low carcass 

fat year-round (5.9–9.3%), and hypothesized that grouse in the northern range must feed 

frequently to maintain basal metabolic energy.  They estimated that complete fat catabolism in 

an average 600-g ruffed grouse with 7.2% carcass fat would provide maintenance energy for 

only 2 days in a fasted state.   Long (2006) reported mean pre-breeding carcass fat values of 6.7–

7.9% in the northern range states of Minnesota, Wisconsin, and Michigan.  Pre-breeding carcass 

fat for female ruffed grouse in the central and southern Appalachians ranges from 4.8–28.3% 

(Norman and Kirkpatrick 1984; Servello and Kirkpatrick 1987, 1988; Long 2007), where years 

of exceptionally high fat levels have been found to follow a fall of high mast yield.  Pre-breeding 

carcass fat levels in southwestern Virginia were reported higher the year after a exceptional 

acorn mast crop (22.4% vs. ≤20.0%, respectively; Servello and Kirkpatrick 1988).  Throughout 

the Appalachians, ruffed grouse with crops containing hard mast averaged 20.0% carcass fat 

during the pre-breeding period compared to 11.7% in grouse with crops devoid of hard mast 

(Long et al. 2004a).  Servello and Kirkpatrick (1987) and Long et al. (2004b) reported a negative 

relation in the occurrence of hard mast and evergreen leaves in crops of central and southern 

Appalachian grouse, indicating that ruffed grouse forage on nutritionally-poor evergreen leaves 

in the absence of hard mast.  Although female ruffed grouse in the southern range often possess 

greater carcass fat reserves than in the northern range, carcass fat levels in the southern range are 

highly variable and mast dependent.   

In the central and southern Appalachians, Long (2007) reported increased chick survival 

to 3- and 5-weeks post-hatch in females with ≥11% carcass fat.  Long et al. (2004a) also reported 
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increased chick survival on sites with females in moderate and high fat condition compared to 

sites with females in low fat condition (37 and 26% vs. 13%, respectively). 

Reproduction 

Ruffed grouse are polygamous seasonal breeders and reach sexual maturity at 10 months of age 

(Bump et al. 1947, Edminster 1947).  In New York, Bump et al. (1947) reported that nearly all 

females breed each spring.  Average clutch size in the northern range is >11 eggs for first nest 

attempts (Bump et al. 1947, Edminster 1947, Cringan 1970).  Clutch size for first nests in 

Virginia and West Virginia averages 9.5–10.6 eggs (Haulton 1999, Dobony et al. 2001).  Clutch 

size has also been found to vary among habitat types; Devers and Stauffer (2004) reported mean 

first clutches on mixed-mesophytic sites in the Appalachians were slightly larger than on oak-

hickory sites (10.7 vs. 9.4 eggs/clutch, respectively).  Females will re-nest if first nests are 

depredated early in the incubation period; however, a female that loses her clutch late in the 

incubation period may not have the body reserves or physiological capacity to produce another 

clutch (Bump et al. 1947).  Second nest attempts typically produce fewer eggs (Bump et al. 1947, 

Rusch and Keith 1971, Larson 1998).  The re-nest rate on mixed-mesophytic sites in the 

Appalachians was 45%, compared to 3% in oak-hickory sites (Devers and Stauffer 2004, Devers 

et al. 2007).  Re-nesting occurs more frequently in the northern range (>50%; Bump et al. 1947, 

Small et al. 1996).  Re-nesting females averaged 7.5 eggs in New York (Bump et al. 1947).  Nest 

success rate (percentage of nests that successfully hatch ≥1 egg) was 70% in West Virginia 

(Dobony et al. 2001), and first-nest success was 44% in northern Michigan (Larson et al. 2003).  

Bump et al. (1947) and Dorney and Kabat (1960) reported chick sex ratios of approximately 

50:50 in New York and Wisconsin, respectively.   
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 Rusch and Keith (1971) reported chick survival of 51% at 12 weeks post-hatch in 

Alberta, Canada.  In northern Wisconsin, Dorney and Kabat (1960) estimated chick survival 

from June–August at 77% and 88% during years when grouse populations were high and low, 

respectively.  These studies were conducted prior to the widespread use of radio-telemetry, and 

chick survival estimates were visually determined by comparing brood counts to mean clutch 

sizes.  Estimates of chick survival to 5 weeks post-hatch in Virginia and West Virginia range 

from 9–30% (Haulton 1999: 11–13%; Dobony 2000: <30%; Smith 2006: 9–13%).  Haulton 

(1999) hypothesized that high chick mortality and complete brood loss (13 of 34 broods) during 

the first week post-hatch contribute to lower densities of grouse in Virginia and West Virginia 

than found in the northern range.  Devers (2007) reported chick survival in the Appalachians to 

be 21% and 39% on oak-hickory and mixed-mesophytic sites, respectively, suggesting possible 

forest type influence on chick survival. 
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ABSTRACT Previous research has reported differences in the nutritional ecology of ruffed 

grouse (Bonasa umbellus) in their northern and southern ranges, where northern grouse are found 

in higher densities and maintain less carcass fat (lipid) compared to southern grouse throughout 

the Appalachians.  Differences in the nutritional ecology of Appalachian ruffed grouse have been 

documented in previous research, but direct effects on body condition leading to the reproductive 

cycle are unknown.  We conducted a 2-year experiment on captive Appalachian ruffed grouse 
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(B. u. monticola) to assess the effects of 4 treatment rations varying in dietary energy and crude 

protein on female body condition throughout the pre-breeding and reproduction periods using 

total body electrical conductivity (TOBEC) technology.  Females on low protein rations 

maintained higher carcass fat levels than females on high protein treatments, although high 

protein treatments led to less fat loss during reproduction.  High-energy rations produced females 

with higher fat levels prior to reproduction; however, adult females on high-energy treatments 

lost more fat during reproduction than low-energy treatments.  We posit that the presence of low-

protein, high-energy feed items in diets of Appalachian ruffed grouse potentially lead to higher 

percent body fat, whereas high-protein diets support leaner grouse.  Our findings support the 

hypothesis that northern ruffed grouse maintain relatively leaner body condition than 

Appalachian grouse due to year-round availability of protein-rich aspen buds and catkins.  

Appalachian ruffed grouse may maintain higher fat levels due to lowered dietary crude protein. 

KEY WORDS Appalachians, Bonasa umbellus, fat condition, nutrition, ruffed grouse, TOBEC, 

total body electrical conductivity. 
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Historically, ruffed grouse (Bonasa umbellus) densities are lower in the central and southern 

Appalachians (hereafter Appalachians) than in the northern portion of the range (hereafter 

northern range) (Servello and Kirkpatrick 1989a).  In the northern range, ruffed grouse densities 

are reported to range from 7−22 per 100 ha in the Adirondacks of New York (Bump et al. 

1947:559) to 41−83 per 100 ha in prime habitat in Minnesota (Gullion 1977).  Although stable, 

ruffed grouse populations in the northern range experience natural fluctuations over an 

approximate 10-year cycle (Rusch 1989).  In the Appalachians, Weber and Barick (1963) 

reported densities of 7−10 grouse per 100 ha in western North Carolina.  Densities of drumming 
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male grouse range from 0.25–4.5 per 100 ha in the Appalachians, which is much lower than the 

5.5−22.8 per 100 ha reported in the northern range (Dessecker 2001).  Recent evidence suggests 

that ruffed grouse densities in the Appalachians have declined substantially.  USGS Breeding 

Bird Survey data from 1966–2005 indicates a 5% annual decline in ruffed grouse populations in 

the Appalachian region (Sauer et al. 2006).  Loss of early successional habitat, due in part to 

negative public attitude towards even-aged silvicultural management, has been suggested as a 

factor in these declines (Dessecker and McAuley 2001).  Research from the Appalachian 

Cooperative Grouse Research Project cited low chick survival to 5-weeks and site-specific 

female body condition differences as possible factors contributing to declining densities in the 

southern range (Devers 2005, Long 2007).   

In the northern range, ruffed grouse are primarily associated with forest types containing 

aspen (Populus spp.; see Chapter 1 Fig. 1.1) and consume a preponderance of aspen buds and 

catkins that are nutrient rich and abundant year-round (Bump et al. 1947, Svoboda and Gullion 

1972, Gullion 1977, Servello and Kirkpatrick 1987, Barber et al. 1989, Hewitt and Kirkpatrick 

1996).  Diets of ruffed grouse are more diverse in the Appalachians, where aspen is sparse to 

absent, and other high-quality forage may be scarce during poor mast years (Servello and 

Kirkpatrick 1988, Long 2007).  When available, hard and soft mast are primary foods of grouse 

in fall and winter throughout the Appalachians; herbaceous leaves make up the bulk of the diet in 

spring (Norman and Kirkpatrick 1984, Long 2007).  In the Appalachians, Long (2007) reported 

oak (Quercus spp.) and beech (Fagus spp.) mast comprised 26% of ruffed grouse crop contents 

in spring (March and April), although it was found in only 17% of crops, suggesting that mast is 

highly selected when available.  When hard mast is not available in fall and winter, grouse in the 

Appalachians consume evergreen leaves that are high in phenolic compounds (Appendix A), 
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which compromise nutrient absorption (Hewitt and Kirkpatrick 1997b).  Long (2007) reported 

various species of evergreen leaves in 36% of ruffed grouse crops collected throughout the 

Appalachians in April, accounting for 12% of crop contents; the presence of evergreen leaves 

was inversely related to hard mast consumption.  Such poor-quality diets containing large 

portions of evergreens such as mountain laurel (Kalmia latifolia) may lead to seasonal nutritional 

deficiency in Appalachian ruffed grouse (Servello and Kirkpatrick 1987, Hewitt and Kirkpatrick 

1997b, Long 2007).  Poor nutrition may negatively affect body condition of breeding females 

and thus influence reproductive success in Appalachian ruffed grouse. 

 Past studies have examined body condition as a possible factor affecting reproductive 

success in female galliforms (Breitenbach et al. 1963, Beckerton and Middleton 1983, Giuliano 

et al. 1996).  Carcass fat (lipid) differs in ruffed grouse between the northern range and the 

Appalachians.  Thomas et al. (1975) reported that ruffed grouse in Ontario, Canada maintain low 

carcass fat levels (5.9–9.3%) year-round and hypothesized that grouse must feed frequently to 

maintain basal metabolic energy requirements.  Ruffed grouse collected in Michigan, Wisconsin 

and Minnesota during April had lower carcass fat levels than those collected in the Appalachians 

during the same period (6.0 ± 0.4% [mean ± SE] vs. 10.8 ± 0.4%; Long 2007).  It has been 

hypothesized that ruffed grouse in the northern range can more easily meet their daily nutritional 

requirements because of the year-round availability of aspen catkins and buds, and therefore 

maintaining higher fat reserves provides no selective benefit (Svoboda and Gullion 1972, 

Gullion 1977, Servello and Kirkpatrick 1987, Long 2007).  Ruffed grouse in the Appalachians 

are dependent on food sources of varying quality and availability (i.e., mast) and therefore will 

attain relatively higher carcass fat levels (i.e., stored energy) when resources are available.  Long 

(2007) reported that when hard mast was present in crops of pre-laying female ruffed grouse 
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collected in the Appalachians, percent body fat averaged 20.0% compared to 11.7% in those with 

crops devoid of hard mast.     

Long (2007) hypothesized that poor pre-breeding condition in Appalachian ruffed grouse 

may delay incubation, reduce clutch size and chick survival.  Determining the relation between 

female condition and reproductive success of ruffed grouse in the wild represents a challenging, 

if not daunting task.  In an experimental study of captive ruffed grouse in Ontario, Canada, 

Beckerton and Middleton (1982) reported increases in rate and duration of egg laying, first egg 

mass, mean egg mass, clutch size, clutch mass, chick mass at hatch, and chick survival to 9 

weeks with increased protein content in test rations fed to females.  Although their study 

represents the only experimentally controlled investigation of nutrition and productivity in ruffed 

grouse, it did not examine the relation of nutrition to body condition or body condition to 

productivity.       

To test the hypothesis that female condition is related to nutrition, we maintained captive 

female ruffed grouse on rations differing in dietary energy and crude protein to determine 

experimentally the effect of nutritional deficiency on pre-laying body condition.  Our objective 

was to assess the effects of dietary energy and crude protein on pre-laying condition of female 

ruffed grouse.  We predicted that female ruffed grouse fed a ration higher in dietary energy and 

protein would maintain higher carcass fat levels relative to those on deficient rations.  

STUDY AREA 

We conducted our research on a captive population of ruffed grouse housed at the West Virginia 

University Animal Research Farm in Morgantown, West Virginia, USA.  The colony was started 

in 1990 from 12 fertile eggs from a wild nest near Buckhannon, West Virginia (subspecies 

Bonasa umbellus monticola) and acquired through the West Virginia Division of Natural 
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Resources.  In 1991, 8 additional adult grouse from West Virginia were added to the colony.  

From 1992 to 2001, grouse from Pennsylvania (n = 9; subspecies B. u. monticola), Minnesota (n 

= 2; subspecies B. u. umbellus), and Wisconsin (n = 10; subspecies B. u. umbellus) were acquired 

to increase genetic diversity and limit genetic crossing.  At the time our study was initiated in 

December 2003, the colony contained 190 adult ruffed grouse.  We housed birds in individual 

60�60�60-cm wire cages in a curtain-sided, poultry-style building.  We maintained natural 

lighting and ambient environmental conditions except in winter when forced-air heaters 

maintained temperatures above 10 C.  During non-experimental periods, grouse were fed a 

commercial game bird ration (Sporting Bird Flight Developer, Southern States Cooperative, 

Winchester, Kentucky, USA), with grit and water provided ad libitum.   

METHODS 

Experimental Feeding Trials 

We conducted experimental feeding trials from December 2003 – summer 2004 (hereafter called 

2004), and replicated these trials in December 2004 – summer 2005 (hereafter called 2005).  We 

randomly assigned 32 juvenile and 32 adult female grouse to 1 of 4 treatments (8 juveniles and 8 

adults per treatment, n = 64 total per year).  Females available from 2004 did not receive the 

same treatment in 2005.  Adult females were ≥1 and ≤ 4 years of age; juvenile females were <1 

year of age.  In 2004, mean ages (years) per treatment were 1.53 (control), 1.60 (HE-LP), 1.54 

(LE-HP), and 1.53 years (LE-MP).  In 2005, mean ages were 1.62 (control), 1.81 (HE-LP), 1.67 

(LE-HP), and 2.00 years (LE-MP).  We omitted females that failed to lay eggs in 2004 from the 

candidate pool for 2005.  We arranged female cages in stacked rows of 2 adults and 2 juveniles 

with males separating each group of 4 females.  We placed males between groups of females 

because their presence may facilitate female breeding condition (R. L. Cochrane, West Virginia 
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University, personal communication).  We arranged cages in 4 rows, stacked 2 high and 12 

across (i.e., 24 cages per row; Appendix B).  Each row contained an equal number of adult and 

juvenile females receiving each treatment ration.  We used an indoor/outdoor digital 

thermometer (Model 1441, Taylor™ Precision Products, Oak Brook, Illinois, USA) to record 

daily ambient and outside minimum and maximum air temperatures during experimental trials.   

      In the absence of ration formulation guidelines for ruffed grouse, we used National 

Research Council guidelines for Japanese quail (Coturnix japonica) as a standard (National 

Research Council 1994).  We formulated rations using Brill™ Feed Formulation software 

version 1.03.017-S (Brill™ Feed Management Systems, Brooklyn Center, Minnesota, USA).  

We fed females an “over-winter” ration from 1 December – 31 January to acclimate them to a 

ration lower in dietary energy and protein than the commercial game bird ration (Table 3.1).  Our 

purpose was to maintain all females on a mid-range ration prior to introduction of experimental 

rations and to acclimate them to higher levels of bulk fiber (F. A. Servello, University of Maine, 

personal communication).   

The reduction in dietary energy (primarily corn) and crude protein (soybean) in our low 

energy and low protein treatments required the use of a “filler” to replace ingredients removed 

from the ration.  Sibbald (1980, 1981) reported that the inclusion of inert filler material such as 

sand and cellulose into adult cockerel (Gallus gallus) rations did not increase endogenous 

nutrient losses in the form of sloughed epithelial cells, microbial activity, and digestive 

secretions.  We used soybean hulls and wheat bran (both fibrous, relatively nutrient deficient, 

and high in cellulose) as filler ingredients in our treatment rations.  Females fed low-energy and 

low-protein rations consumed and subsisted on these formulations, indicating that our low-

quality rations were palatable and digestible.   



Proctor et al.    23

 Our intent was to establish 4 treatment rations on a 2×2 model based on low and high 

levels for energy and protein.  We fed treatment rations starting 1 February on a time-lag 

(Giuliano et al. 1996) based on ad libitum consumption of the high energy-high protein control 

treatment (2.9 kcal/g energy, 24% crude protein; Japanese quail guidelines) group with the 

exception that feed intake was measured and adjusted twice weekly.  Daily average consumption 

by the control group determined the ration amount given to the 3 fixed-treatment groups the 

following day.  For example, on the first day of the week, we recorded feed intake of the control 

group (n = 16) to determine an average daily intake.  On day 2, we provided this amount of 

treatment ration to each fixed group. Therefore, we adjusted the quantity of feed offered to fixed 

groups twice weekly on a 1-day time lag according to average daily consumption of control 

females.  This approach accounted for changes in consumption due to environmental conditions 

or physiological changes in control females.   

 Initially, our low energy-low protein, (LE-LP) ration contained one-third the dietary 

energy and protein of our control ration.  We formulated the LE-LP ration to contain 1.0 kcal/g 

of dietary energy and 8% crude protein.  Although we desired a treatment (ration) effect on fat 

condition, our initial formulations failed to support basal metabolic needs, resulting in rapid 

emaciation and death of 5 females in fixed-treatment groups in February 2004.  Consequently, 

we reformulated experimental rations offered to fixed groups to increase dietary energy from 1.0 

to 1.9 kcal/g and crude protein from 8 to 16%.  Following reformulation, we monitored females 

for 3 weeks and determined that fixed groups required 150% of the control treatment group’s 

average daily intake to avoid rapid loss of body mass; we observed no further deaths due to 

nutritional deficiency.  Though modifications to rations were made during the 2004 experimental 

trial, females received these reformulated rations ≥ 7 weeks prior to onset of egg laying, which 
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should have provided females adequate time for physiological acclimation.  In 2005, we 

reformulated the 2004 over-winter ration (1.9 kcal/g and 16% crude protein) to contain 2.4 kcal/g 

and 20% crude protein (mean of low/high energy and low/high protein treatments) based on the 

aforementioned changes made in treatment (ration) formulations.   

 Due to the increase in quantity (50%) of ration fed to fixed groups, we adjusted treatment 

designations to reflect increases in dietary energy and crude protein.  Our resulting treatment 

designations based on metabolizable energy and crude protein were:  (1) our original control diet 

fed ad-libitum (control), (2) high energy-low protein (HE-LP), (3) low energy-high protein (LE-

HP), and (4) low energy-medium protein (LE-MP) (Table 3.1).  Thus, we defined 2 levels of 

dietary energy (low: 2.58–2.63 kcal/g; high: 3.39 kcal/g) and 3 levels of dietary protein (low: 19–

22%; medium: 26%; high: 29% crude protein; Table 3.1).  It is important to emphasize that it 

was our treatment ration designations that changed and not our ration formulations.  For 

metabolizable energy determination between age classes and among treatment rations, we fed 

fixed-treatment groups their ration on a 100% basis of the control.  Thereafter, all treatment 

designations related to body condition in this chapter follow our adjusted treatment designations 

and recognize 2 levels of energy and 3 levels of dietary protein (Table 3.1). 

Ration Analysis 

To determine apparent nitrogen-corrected metabolizable energy (AMEN), we randomly chose 5 

juvenile and 5 adult females that were not used in our 2005 experiment.  We determined AMEN 

of each ration via 5 feeding trials (over-winter ration and 4 treatment rations), using an adult and 

juvenile female for each ration per trial.  Thus, one juvenile and one adult received a different 

ration in each of 5 trials until all 10 subjects were fed all 5 rations.  Prior to each trial, we fed 

females commercial game bird ration ad libitum for ≥ 5 days.  To begin a trial, we removed grit 
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and fasted subjects for 48 h to induce hunger and void the gastrointestinal tract of previously 

ingested feed and excreta.  We then placed a clean excreta collection tray under the cage and 

provided subjects 100 g of trial ration.  After 24 h, we removed and weighed the remaining feed 

to determine consumption.  We immediately fasted subjects again for 48 h to allow for passage 

of feed and excreta, after which we removed excreta trays and excreta was collected and placed 

in pre-weighed plastic sample cups and frozen.   

Dry matter and percent nitrogen of rations and excreta were determined in duplicate by 

the West Virginia University Rumen Fermentation Profiling Laboratory as follows:  (1) Ration 

and excreta samples were lyophilized to constant mass; (2) Dry matter of ration samples was 

determined using the Association of Official Analytical Chemists (AOAC) protocol 967.03 

(AOAC 1990); (3) Percent nitrogen of ration and excreta samples was determined by the 

Kjeldahl procedure (AOAC protocol 976.05); (4) Gross energy of rations and excreta samples 

was determined in duplicate using a Parr™ Model 1266 isoperibol oxygen bomb calorimeter 

with a Parr Model 1563 water handling system (Parr Instrument Company, Moline, Illinois, 

USA); (5) We determined retained nitrogen and corrected for eventual uric acid formation and 

oxidation following Hill and Anderson (1958); and (6) We calculated AMEN (kcal/g) on a dry 

matter basis as follows: 

 AMEN = ((F × feed GE) – (E × excreta GE) – (N × 8.22 kcal/g)) / F        

 F = grams of feed consumed 

 GE = gross energy (kcal/g) 

 E = grams of excreta 

 N = grams of nitrogen retention 
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Condition Sampling 

To quantitatively assess body condition, we recorded total body electrical conductivity (TOBEC) 

and body mass of females bi-monthly from 1 December until the onset of egg laying.  Because 

ruffed grouse lay supernumary clutches in captivity (personal observation of senior author; R. L. 

Cochrane, West Virginia University, personal communication), we established a cut-off point of 

>7 days between successive eggs to terminate the clutch.  We observed grouse laying an egg a 

day as well as grouse that took >7 days between successive eggs.  To assess conditional changes 

during egg laying, we sampled females ≤ 3 days following clutch termination and again 14 days 

later.  

 We fashioned a TOBEC scanning restraint by cutting a 53×35-cm piece of soft, pliable, 

opaque plastic sheeting that would extend from the tail to >2.5 cm beyond the head of an adult 

grouse.  We used 2 sets of self-adhering Velcro™ strips to close the restraint.  We tested the 

dielectric properties of the empty restraint within the TOBEC scanning chamber and found it 

neutral, indicating it would not influence sampling results.  For sampling, we first tared the 

weight of the empty restraint on an electronic balance.  We then positioned the grouse dorsally 

onto the open restraint and held its wings folded to the body while we snugly “rolled up” the 

restraint and secured the Velcro strips, making sure that its legs were extended posteriorly and 

not positioned ventrally; grouse appeared calm once in the restraint.  It was important to secure 

grouse within the restraint to restrict movement and insure that they remained motionless during 

the TOBEC scanning process (EM-SCAN Inc. 1993). 

We weighed each grouse to the nearest 0.1 g on an electronic balance prior to 

determining a TOBEC value using an EM-SCAN™ Model SA-3000 small animal body 

composition analyzer with a Model 3114 (114 mm) detection chamber (EM-SCAN Inc., 
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Springfield, Illinois, USA).  We recorded 5 scans to obtain a mean TOBEC value for each grouse 

(EM-SCAN Inc. 1993).  Total sampling time (placement in restraint, mass determination, and 5 

TOBEC scans) averaged 8−10 minutes.  EM-SCAN Inc. (1993) recommends that the coefficient 

of variation of all measurements for individual subjects not exceed 3%.  In preliminary trials, we 

found that a 3% coefficient of variation approximated a 20-unit range among 5 scans.  Therefore, 

we recorded 5 scans initially; if the range of these scans exceeded 20 units, outliers were 

discarded and additional scans were taken until the 3% coefficient of variation requirement was 

satisfied.   

Measuring total body electrical conductivity provides a non-invasive method for 

analyzing lean mass in animals without having to sacrifice subjects and perform chemical 

analysis (Walsberg 1988, Castro et al. 1990).  Total body electrical conductivity technology uses 

a shielded solenoid coil that measures the electromagnetic inductance of the coil when an animal 

is placed within, thus producing quantifiable electromagnetic impedance (Walsberg 1988).  

Because lipids possess only 4−5% of the electrical conductivity of non-lipid tissues such as 

muscle, fluid, and bone (Pethig 1979), TOBEC allows researchers to accurately assess lean mass 

or fat mass composition of animals.   

Chemical Analysis of Sacrifices 

For TOBEC readings to accurately predict condition required lab-determined body composition 

of female grouse sampled via TOBEC.  We determined TOBEC values and body mass of 7 

juvenile females in December 2003 and 9 adult females in October 2005.  Following these 

measures, we immediately sacrificed grouse via carbon dioxide asphyxiation (West Virginia 

University Animal Care and Use Committee protocol 03-0913) and placed carcasses in air-tight 

bags and froze them.  Sacrificed grouse were frozen for preservation until the next processing 
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stage (<3 months) and because partially frozen grouse are easier to process (C. R. Long, West 

Virginia University, personal communication).  Sacrificed grouse were all maintained on a 

commercial game bird ration with grit and water ad libitum to assure consistent gastrointestinal 

fill. 

Frozen carcasses were allowed to partially thaw for <2 h before processing.  We plucked 

feathers, removed the head at the base of the cranium, and removed legs at the base of the tibio-

tarsus-tarsometatarsus junction.  We removed the gastrointestinal and reproductive tracts from 

the body cavity, stripped visible fat adhering to them and placed it back within the body cavity.  

We then discarded gastrointestinal and reproduction tracts.  We cut whole carcasses into 1−3- cm 

pieces and refroze them.  We partially thawed frozen pieces and ground them in a Biro™ meat 

grinder (Model 812, Biro Manufacturing Company, Marblehead, Ohio, USA), placing ground 

contents in 21.6×11.4×6.4-cm aluminum baking pans.  After lyophilizing for 96 h to constant 

mass, we reweighed the dried contents to determine initial percent moisture.  We homogenized 

dried contents in a commercial blender (Model CB10, Waring™, Torringtown, Connecticut, 

USA), and placed 3 10-g subsamples in airtight plastic bags, and froze.   

Chemical analyses of sacrifice homogenates were performed in duplicate by the West 

Virginia University Rumen Fermentation Profiling Laboratory as follows:  (1) Homogenates 

were analyzed to determine residual moisture (AOAC protocol 967.03), lipid mass (protocol 

920.39), crude protein (protocol 976.05), and percent ash (protocol 942.05; AOAC 1990); (2) 

Residual moisture was determined on 2.0-g homogenate subsamples oven dried at 110
 
C for 12 

h; (3) Lipids were extracted from  1.5−2.0-g subsamples using petroleum ether in a Soxhlet 

apparatus for  18−24 h; (4) Percent protein (nitrogen × 6.25) was calculated on 2 0.75-g 

subsamples using the Kjeldahl procedure; (5) Percent ash was determined using 2 3.0-g 
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subsamples combusted at 550
 
C for 12 h in a muffle furnace; and (6) Residual moisture and 

initial percent moisture were summed to determine total percent moisture of carcass samples. 

Calibration of TOBEC Unit 

Our calibration procedures entailed regressing recorded TOBEC and body mass values against 

lab-derived fat or lean mass measures from sacrificed grouse to develop predictive equations.  In 

a study of 11 species of small mammals and birds, Walsberg (1988) found that a second-order 

polynomial model provided the best fit for a multi-species predictive equation.  However, Castro 

et al. (1990) reported a first-order polynomial model provided the best fit among 8 species.  Scott 

et al. (2001) suggest that first-order models best fit intraspecific investigations involving subjects 

that span a narrow or fixed range of fat variation;  Whereas, second-order models best fit 

interspecific studies that span a greater range of fat and body mass variation.  Based on these 

recommendations, we expected a first-order polynomial regression model to most accurately 

predict percent fat and lean mass from chemical analysis of our sacrifices.  We applied direct 

models instead of 2-stage models for predicting fat from TOBEC value and body mass due to 

increased relative error associated with the latter approach (Morton et al. 1991, Snyder et al. 

2005).  We used predictive models containing TOBEC value and body mass to estimate fat and 

lean mass levels in experimentally fed female grouse.  

Condition Determination 

We used 4 metrics to assess female ruffed grouse body condition through time: (1) pre-laying 

fat: change in percent fat from 1 December to onset of laying; (2) laying fat: average of 3 

consecutive TOBEC and body mass measures (early March through onset of laying) to quantify 

mean fat levels at onset of laying; (3) reproduction fat: change in percent fat from laying fat 

determination (metric 2) through the last TOBEC and body mass measure 14 days after clutch 
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determination (i.e., change in condition as a result of reproduction); and (4) post-laying fat: 

estimated fat determined by last TOBEC and body mass measure 14 days after clutch 

determination.  We used pre-laying body mass (the last recorded body mass measure prior to 

laying) as a predictor variable in our ANOVA analyses, but we did not consider it a condition 

variable because body mass alone does not quantify a value for fat mass.  Initially we attempted 

to use lean mass as a condition indice; however, very low variation led us to eliminate it from 

analysis.  Larger grouse possess more lean mass due to larger skeletal frames, especially between 

age classes.  Percent lean mass is likely a fixed physiological parameter in ruffed grouse, 

whereas percent fat can fluctuate drastically among individuals and season-to-season in the same 

bird, regardless of skeletal size.  Long (2007) reported little variation in lean mass despite wide 

variation in fat mass for wild ruffed grouse from the northern range and Appalachians.   

Statistical Analysis 

All statistical analyses were performed using SAS
™ 

version 9 (SAS Institute Inc., 2002–2004).  

We arcsine transformed all percent condition variables (change in pre-laying fat, laying fat, 

change in fat during reproduction, and post-laying fat; Table 3.2) for analyses, but report 

untransformed means and standard errors.  We conducted an analysis of variance test in a 

completely random design with factorial arrangement of treatment ration and year parameters 

(ANOVA; PROC GLM) to determine differences in AMEN among treatment rations, trials, and 

between age classes while testing all two-way interactions.  We used Tukey’s Honestly 

Significant Difference test and linear contrasts to determine age class and trial interactions in our 

AMEN analyses.  To determine if environmental conditions differed between years, we examined 

minimum and maximum ambient and outside temperatures using analysis of covariance 

(ANCOVA; PROC GLM).  We used ANCOVA with linear contrasts to determine whether mean 
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daily intake within the control treatment group differed between years, using experiment week 

(e.g., 1, 2, 3) as a covariate and year as a blocking factor.   

Because TOBEC and body mass were moderately correlated (rs = 0.69, P = 0.003), we 

conducted diagnostic tests to determine level of collinearity.  We found a variance of inflation 

factor (VIF option, PROC REG) of 2.42 for both TOBEC value and body mass, indicating the 

use of both parameters together would not result in model overfitting (Der and Everitt 2002).  In 

addition, we calculated collinearity indices (COLLIN option, PROC REG) of 15.84 and 29.07 

for TOBEC value and body mass, which also indicated that including both parameters would not 

produce erroneous values for percent fat.   

We used linear regression analysis (PROC REG) to develop direct models to estimate 

percent fat.  We tested the following candidate models to predict percent fat (PF): 

Model 1:  PF = Body mass        

Model 2:  PF = TOBEC value      

Model 3:  PF = Body mass + TOBEC value      

 To assess the effects of nutritional deficiency on body condition, we used an analysis of 

variance test in a completely random design with factorial arrangement of treatment ration and 

year parameters (ANOVA; PROC GLM) to determine effects of treatment and year on each of 

our 4 fat condition variables (Table 3.2).  We treated year as a blocking factor in the analysis of 

each condition variable.  We used an alpha level of 0.05 to determine significance in all analyses.  

We tested differences of means using Tukey’s Honestly Significantly Difference test (HSD0.05).  

We investigated all plausible two-way interactions using linear contrasts.   
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RESULTS 

     Environmental temperatures.–– Mean indoor minimum temperature at the grouse facility was 

12.7 ± 0.33 C in 2004 and 12.2 ± 0.28 C in 2005; whereas mean maximum temperature was 18.9 

± 0.44 C in 2004 and 17.9 ± 0.42 C in 2005.  Mean minimum temperature outside of the facility 

was 4.2 ± 0.68 C in 2004 and 3.5 ± 0.63 in 2005; mean maximum outside temperature was 19.0 

± 0.82 C in 2004 and 18.5 ± 0.79 C in 2005. Mean minimum and maximum outside temperature 

at the ruffed grouse facility were similar between years (F1,422 = 1.17, P = 0.281; F1,422 = 0.18, P 

= 0.673; respectively); however, mean minimum and maximum indoor temperatures were higher 

in 2004 than 2005 (F1,415 = 4.08, P = 0.044; F1,415 = 5.05, P = 0.025, respectively).   

     Feed intake.–– Mean daily intake within the control group was 20.93 ± 0.19 g (15.20 – 27.30) 

and was similar between years and age classes (F1,168 = 1.77, P = 0.186; F1,168 = 0.01, P = 0.916, 

respectively); however, intake varied week to week as control females increased consumption as 

they approached reproduction (F1,168 = 25.90, P ≤ 0.001; Figure 3.1).  We found no year × age 

interaction (F1,168 = 0.08, P = 0.777).  Daily intake among fixed-treatment groups (HE-LP, LE-

HP, LE-MP) also increased concomitantly as the amount of ration offered remained at 150% of 

the control group’s mean intake (Figure 3.1). 

     Metabolizable energy.–– Juveniles processed more metabolizable energy from rations than 

adults (F1,27= 8.38, P = 0.014; 2.27 ± 0.11 kcal/g vs. 1.95 ± 0.12); however, linear contrasts 

revealed that this occurred in only one trial (trial 1; F1,11 = 19.75, P = 0.001) and one treatment 

(LE-MP; F1,11 = 5.71, P = 0.036), and therefore we felt justified in combining age classes for 

subsequent analysis.  We initially compared metabolizable energy among original treatment 

rations on a gram-to-gram basis (Table 3.1) and found a significant treatment effect regarding 

AMEN (F3,27 = 14.91, P ≤ 0.001).  We then examined our adjusted treatment AMEN using 
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Tukey’s Honestly Significant Difference test and found that our HE-LP ration had higher AMEN 

than the other 3 treatments (HSD0.05 = 0.631; Table 3.1).   

     Condition modeling.–– Although body mass alone (Model 1) effectively predicted percent fat 

(F1,14 = 25.65, P ≤ 0.001; adjusted R
2
 = 0.62), the addition of TOBEC (partial R

2
 = 0.18; 

Appendix C) increased the explanatory power (Model 3; adjusted R
2
 = 0.81) and therefore was 

selected to predict fat condition in female grouse as follows: 

Model 3:  PF = –27.621 + (0.155 × Body mass) – (0.082 × TOBEC value) 

Validation of this model on an independent sample of female grouse (5 juveniles and 5 adults) 

explained 83% of variation in percent body fat (adjusted R
2
 = 0.83, P ≤ 0.001; Appendix D), and 

was used to assess female fat condition through time.   

     Pre-laying fat.–– In 2004 and 2005, females on control and HE-LP treatments gained fat mass 

during the pre-laying period; whereas the LE-HP treatment showed no significant gain in fat 

(F3,106 = 11.12, P < 0.001; Tukey’s HSD0.05 = 2.16; Tables 3.3 and 3.4).  There was a year × 

treatment interaction for the LE-MP treatment group between 2004 and 2005 that was not found 

in the other 3 treatments (Tables 3.3 and 3.4).  The control and HE-LP groups gained fat in 2004, 

while LE-HP and LE-MP groups showed either no fat gain or fat loss (Table 3.4). 

    Laying fat.–– Females in the control, HE-LP, and LE-MP treatment groups had the highest 

percent fat at laying (18.61 ± 1.67) and HE-LP females possessed more fat than our LE-HP 

(13.38 ± 0.87) treatment group (Tables 3.5 and 3.6).  There was a year effect (F1,109 = 18.52, P 

<0.001), where laying fat among females was lower in 2004 than in 2005 (13.57 ± 0.86 [3.89–

33.92] and 18.24 ± 0.93 [8.46–43.46], respectively).  The nearly significant interaction between 

year and treatment (P = 0.053) resulted from the LE-MP group differing between 2004 and 2005 
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(Table 3.6).  Although laying fat was lower in the other three treatment groups in 2004, 

differences between treatments remained similar between years (Table 3.6).   

     Reproduction fat.–– Change in percent fat during reproduction in females was similar among 

treatment rations (Tables 3.7 and 3.8).  In 2004, females lost less fat during reproduction than in 

2005 (–2.65 ± 0.82 [n = 48] and –5.46 ± 0.84 [n = 48], respectively; Table 3.8).   

     Post-laying fat.–– Percent post-laying fat of females was similar among treatments (Tables 

3.9 and 3.10).  We found a year effect where post-laying fat was higher among females in 2005 

(Table 3.10).  Post-laying fat was positively related to pre-laying fat across treatments and years 

(rs = 0.659, P ≤ 0.001).   

     Pre-laying body mass.–– Pre-laying body mass was related to treatment ration (F3,109 = 4.31, 

P = 0.007), where females in the control treatment had greater body mass than LE-MP females 

(Tables 3.11 and 3.12).  Pre-laying body mass among females was similar between years (F1,109 

= 2.99, P = 0.087).  We found a significant interaction between year and treatment, where 

females in the LE-MP treatment had substantially lower body mass in 2004 than in 2005 (Tables 

3.11 and 3.12).  Pre-laying body mass in the remaining three treatment groups was similar 

between 2004 and 2005 (Table 3.12).   

     Reproductive failure.–– Among treatments, 11% (6 of 55) of females in 2004 and 16% (9 of 

58) of females in 2005 failed to lay at least one egg.  The proportion of non-layers was similar 

between years (χ
2
 = 0.068, P = 0.794) and among treatment rations (χ

2
 = 6.732, P = 0.081).  

Among the 15 non-layers (control = 1, HE-LP = 3, LE-HP = 7, LE-MP = 4), 2 females that laid 

eggs in 2004 failed to lay in 2005.  Both were in the LE-HP treatment group in 2005, one had 

been in the control group in 2004 while the other was in the HE-LP group.  The remaining non-
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layers (n = 13) either failed to lay in 2004 and were removed from the candidate pool for 2005 or 

were first-time subjects in 2005.   

DISCUSSION 

Our goal in formulating treatment rations was to: (1) provide female grouse with varying levels 

of dietary energy and protein to induce multiple planes of fat condition, (2) control for possible 

confounding factors by providing females a calculated and homogenous ration, and (3) provide 

energy and protein levels approximating those found in diets of wild grouse.  Although 

replicating exact nutritional parameters of wild grouse is impossible in captive experimentation, 

our treatment rations provided comparable energy and protein levels that yielded varying planes 

of fat condition prior to the reproductive cycle.  Our design focused on nutrition as the primary 

determinant in body condition while minimizing environmental factors and physiological 

stressors such as foraging, local food shortages, thermoregulation, and avoidance of predators.   

 Body fat is generally considered the most important factor in determining overall year-

round body condition in birds (Johnson et al. 1985, Long 2007).  Percent body fat values in 

ruffed grouse reported in the north (5.9–9.2%; Thomas et al. 1975) are much lower than we 

found in our treatment females during the pre-laying period (although we had 3 outliers below 

5.9% fat).  Long (2007) reported pre-breeding body fat values in female ruffed grouse of 5.6–

8.3% in the Appalachians and from 6.7–7.9% in the northern range states of Minnesota, 

Wisconsin, and Michigan.  We found fat condition at onset of laying (laying fat) (15.9% [3.9–

43.5]) comparable to Long’s (2007) findings (9.9% [1.3–39.7]), although our higher mean may 

have been attributable to less energy expenditure of captive birds.  Therefore, we only used fat 

condition parameters to reflect female nutritional condition leading up to reproduction, at laying 
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onset, and during egg laying.  Our focus was to determine the role of dietary protein and energy 

in fat condition of female grouse. 

Previous research presents contrasting conclusions regarding dietary protein 

consumption.  Findings suggest that galliformes eat to satisfy basal energy requirements and 

protein deficiencies are not believed to lead to increased food consumption (Nestler 1944, Hill 

and Dansky 1954, Cain et al. 1963, Barrett 1969, National Research Council 1984, Giuliano et 

al. 1996).  Klasing (1998) reported that marginal amino acid (protein) deficiencies could be 

compensated for in galliformes and anseriformes via increased food intake, which in turn could 

lead to greater fat deposition and increased body mass due to more ingested energy.  More 

moderate amino acid deficiencies also can be compensated for via food intake, but the proportion 

of fat deposited relative to skeletal muscle catabolism could result in net body mass loss (Klasing 

1998).  Early in our 2004 experiment it is likely that our initial treatment rations were highly 

deficient in energy and protein, resulting in the loss of 5 females due to rapid body fat and lean 

mass catabolism.  Females had the highest body fat when fed high-energy, low-protein ration, 

indicating females readily deposited body fat when fed a low protein:calorie diet.  Over-

consumption in females on high-energy, low-protein treatment ration was impossible because the 

3 restricted treatments were fed the same amount of ration daily.  Kirkpinar and Oguz (1995) 

found that increased levels of dietary protein in male Japanese quail resulted in lowered body fat 

when dietary energy was held constant.  We found a similar relation with regard to our low, 

medium, and high protein rations.   

Body fat is considered most affected by metabolizable energy in the diet and how much 

energy a bird uses in its daily activities (i.e, “energy in minus energy out”) (Klasing 1998).  

Energy deficiency in female galliforms results in delayed egg-laying, ovarian degeneration, and 
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reduced egg production (King 1973).  Metabolizable energy in treatment rations ranged from 

1.72–2.62 kcal/g, and in some cases was lower than dietary energy levels of wild grouse in 

Virginia (2.30–2.68 kcals/g; Servello and Kirkpatrick 1988).  Dietary composition can be viewed 

as a protein:calorie ratio, where high ratios (protein rich) lead to lower energy intake and lower 

body fat, and low ratios (energy rich) lead to lower protein intake and more energy for fat 

deposition (Klasing 1998).  Protein:calorie ratios in wild ruffed grouse in the southern range are 

lower than the northern range, resulting from diets having increasingly lower dietary protein and 

higher energy from north to south (Servello and Kirkpatrick 1987).  Servello and Kirkpatrick 

(1987) reported that although very low in protein, acorns (3.55 kcal/g; 7.0–8.0% protein) are 

very high in metabolizable energy and Servello and Kirkpatrick (1988) reported that acorns 

made up 60% of crop contents of grouse collected in the spring following an above average mast 

year in Virginia.  Long (2007) found grouse had 71% more fat when acorns contributed to the 

majority of the diet.  Our findings and those of Long (2007) support that (1) diets higher in 

metabolizable energy will lead to increased body fat, (2) grouse select energy rich food items 

(i.e., acorns) when available, and (3) the level of dietary protein may function to keep grouse 

leaner when protein:calorie ratio is high.  Assuming protein deficiencies are rare in wild grouse 

consuming native foods, it is likely grouse will select energy-rich items (e.g., acorns) when 

available because they represent quick and easily obtained dietary energy to maintain body mass. 

Although 13% of our females failed to lay eggs in both years, we found no relation 

between protein level and failure to lay.  Non-nesting in wild ruffed grouse is uncommon (4%; 

Devers 2005) and considered the result of physiological abnormalities (Bump et al. 1947).  Our 

range in dietary protein was higher than found in the diet of wild grouse; however, we were able 
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to determine that all rations enabled females to reproduce, indicating that we had no measurable 

amino acid deficiencies. 
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ABSTRACT Maternal body fat condition (i.e., percent carcass fat) is often a focal point in 

determining reproductive success in female galliforms.  Previous research has centered around 

habitat-related nutritional parameters affecting body condition and the influence on reproductive 

capacity.  Past studies have shown that ruffed grouse (Bonasa umbellus) maintain higher mean 

body fat levels throughout the Appalachians and variation in body condition exceeds that found 

in northern grouse.  In the Appalachians, ruffed grouse with diets devoid of energy-rich hard 
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mast have lower body fat condition.  It has been hypothesized that females in poorer condition 

will have lower productivity in the Appalachians (Devers and Stauffer 2004, Devers 2005, Long 

2007).  We conducted a 2-year study of captive Appalachian ruffed grouse (subspecies Bonasa 

umbellus monticola) to determine the effect of body fat condition on onset of laying, egg quality, 

clutch size, and chick mass at hatch.  We used 4 experimental treatment rations to stratify 

females into differing fat condition classes, ranging from 3.9–43.5% body fat.  Although egg 

composition differed among condition classes, we found no evidence of a relation between fat 

condition and egg composition.  Female grouse were capable of producing comparable eggs, 

clutches, and chicks across varying planes of body fat condition.  Our results suggest that the 

effect of increased fat reserves in Appalachian ruffed grouse does not directly influence 

fecundity.  We propose that any influence female condition has on fecundity and chick survival 

is enacted after the nesting effort is complete.    

KEY WORDS Appalachian region, Bonasa umbellus, fat condition, ruffed grouse, TOBEC, 
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Ruffed grouse (Bonasa umbellus) densities are lower in the central and southern Appalachians 

(hereafter called the Appalachians) than in the core northern range comprising the Great Lake 

states into Canada (hereafter called the northern range; Servello and Kirkpatrick 1989a).  

Although historically lower in the southern range, observational evidence over the past few 

decades suggest declines in ruffed grouse densities throughout the Appalachians.  United States 

Geological Service’s Breeding Bird Survey data from 1966–2005 indicates a 5% annual decline 

in ruffed grouse populations in the Appalachian region (Sauer et al. 2006).  Potential factors for 
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the decline include the loss of early-successional habitat, poor nutritional condition, and low 

productivity (Devers and Stauffer 2004, Long et al. 2004, Smith et al. 2004, Devers et al. 2007). 

 Researchers have suggested that differences in nutritional ecology in Appalachian grouse 

may lead to variation in body fat condition (Norman and Kirkpatrick 1984, Servello and 

Kirpatrick 1987a, Hewitt 1994, Long 2007).  Long (2007) reported that when hard mast was 

present in crops of female ruffed grouse collected in the Appalachians, body fat averaged 20.0% 

compared to 11.7% in grouse whose crops were devoid of hard mast.  Chick survival to 5 weeks 

post-hatch in the Appalachians was higher where females had moderate (37% survival) and high 

(26% survival) levels of fat compared to females with lower fat levels (13% survival; Long 

2007).  Moreover, Devers and Stauffer (2004) found a positive correlation between chick 

survival and hard mast production the previous fall in the Appalachians, suggesting a possible 

link between female condition and fecundity, as well as a female’s ability to rear chicks post-

hatch.   

Determining the relation between female fat condition and fecundity in wild ruffed 

grouse would be a challenging, if not daunting task.  To examine this possible relation, we 

maintained captive ruffed grouse on 4 different test rations to experimentally determine the 

effect of female condition on reproduction.  Specifically, our objective was to assess the relation 

of body condition to clutch initiation date (i.e., onset of laying), egg mass, clutch size, egg 

quality (i.e., egg protein and egg fat), and chick mass at hatch.  We hypothesized that females 

with higher body fat would produce larger eggs and clutches, have better egg quality, and larger 

chicks at hatch.  We also hypothesized that females in higher fat condition at onset of laying 

would have higher post-laying percent body fat than females with lower percent body fat at 

onset. 
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STUDY AREA 

We conducted our research on a captive population of ruffed grouse housed at the West Virginia 

University Animal Research Farm in Morgantown, West Virginia, USA.  The colony was started 

in 1990 from 12 fertile eggs from a wild nest near Buckhannon, West Virginia (subspecies B. u. 

monticola) and acquired through the West Virginia Department of Natural Resources.  In 1991, 8 

additional adult grouse from West Virginia were added to the colony.  From 1992 to 2001, 

grouse from Pennsylvania (n = 9; subspecies B. u. monticola), Minnesota (n = 2; subspecies B. u. 

umbellus), and Wisconsin (n = 10; subspecies B. u. umbellus) were acquired to increase genetic 

diversity and limit genetic crossing.  At the time our study was initiated in December 2003, the 

colony contained 190 adult ruffed grouse.  We housed birds in individual 60�60�60-cm wire 

cages in a curtain-sided, poultry-style building.  We maintained natural lighting and ambient 

environmental conditions except in winter when forced-air heaters maintained temperatures 

above 10 C.  During non-experimental periods, grouse were fed a commercial game bird ration 

(Sporting Bird Flight Developer, Southern States Cooperative, Winchester, Kentucky, USA), 

with grit and water provided ad libitum.   

METHODS 

We maintained 128 captive female ruffed grouse on experimental rations varying in dietary 

energy and protein to elicit fat condition responses (West Virginia University Animal Care and 

Use Committee protocol 03-0913; see Chapter 3, page 39).  Body fat condition (percent carcass 

fat) was assessed via total body electrical conductivity (TOBEC) technology throughout the pre-

laying period from 1 February through the onset of egg laying.  We used body fat to assess 

female condition in relation to reproductive output (onset of laying, egg production, egg quality, 
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and chick mass at hatch).  We placed females into classes according to body fat using 5% 

increments (Table 4.1).   

Egg Sampling 

Females were bred via artificial insemination using semen from colony males.  Prior to laying in 

2004, we placed a paperboard pigeon nest (19×5-cm nest cup) and nest pad (Foy’s Pigeon 

Supplies, Beaver Falls, Pennsylvania, USA) in each female’s cage.  We collected eggs twice 

daily and replaced them with wooden quail eggs (Murray McMurray Hatchery, Webster City, 

Iowa, USA); grouse-sized artificial eggs were not available.  Our purpose in replacing eggs with 

wooden surrogates was to reduce the tendency of supernumary clutches often exhibited in 

captive ruffed grouse (R. L. Cochrane, West Virginia University, personal communication) and 

to promote determinate-sized clutches  (A. L. Middleton, University of Guelph, Ontario, 

personal communication).  Collected grouse eggs were placed in incubators (Petersime™ models 

1 and 4) and hatchers (Petersime model H-145) to rear eggs and aid in hatching (Petersime 

Incubator Company, Gettysburg, Ohio, USA).  Incubation methods were determined via Bump et 

al. (1947). 

 Females in 2004 largely ignored the presence of wooden eggs and only one female 

exhibited any signs of incubating an artificial clutch.  Therefore, we ceased replacing collected 

eggs in 2005, although nests were still provided.  To overcome supernumary clutches, we 

established a cut-off point of >7 days between successive eggs to terminate the clutch, and any 

eggs laid thereafter were excluded from our data analysis.  We artificially inseminated females 

following their first egg to standardize time of insemination and for ease of inserting the 

insemination tube into the oviduct (R. L. Cochrane, personal communication).  Thus, first eggs 

from each female were infertile and were selected for composition analysis in both years.  In 
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addition, we randomly selected either the middle or last egg in the clutch from each female in 

2004 for analysis, for a total of 2 eggs per female.  In 2005, we selected the first (unfertile) and 

sixth egg (if laid) in the clutch from each female for compositional analysis (see below).   

Collected eggs were labeled, weighed to the nearest 0.1 g, placed in standard dozen-sized 

cardboard chicken egg crates, and refrigerated at 10 C.  We positioned egg crates at 45-degree 

angles and rotated them 90 degrees on their vertical axis daily (45 degrees to 135 degrees) to 

avoid pre-mature death due to settling.  Rotating eggs in this manner and placing them in a 

cooled state for up to 2−3 weeks ceases development and keeps eggs viable prior to incubation 

(R. L. Cochrane, personal communication).   

In 2004 we kept all of a female’s eggs refrigerated until the clutch was complete in an 

attempt to hatch entire clutches at once.  We placed completed clutches into incubators (Models 

1 and 4, Petersime) – following 24 h at room temperature – and hatchers (Model H-145) 

following procedures of Bump et al. (1947).  Because some females laid supernumary clutches 

some eggs remained refrigerated for over 2 months prior to incubation. We noticed poor hatch 

success of late-clutch eggs in the 2004 experiment.  It has been suggested that sperm remain 

viable for a maximum of 21 days within the oviduct of female grouse (R. L. Cochrane, personal 

communication), which could explain the poor hatch success of late-clutch eggs.  Previous 

observations at the grouse facility showed that hatching success drop markedly if the egg was 

held in a cooled state >14 days (R. L. Cochrane, personal communication).  In 2005, we 

collected eggs as in 2004, but equilibrated and set eggs in incubators once weekly, regardless of 

whether or not a female had finished laying a determined clutch.  Thus for 2005, we incubated 

cohorts of eggs across numerous females instead of entire clutches of individual females at a 

time, and therefore eggs were held in a refrigerated state ≤7 days prior to incubation.   
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We recorded total mass (0.001 g), length and width (0.1 mm), and volume (1 ml) of eggs 

collected for analysis; we weighed egg content (0.001 g) and wet and dry mass of the shell 

(0.001 g) separately.  Compositional analysis of eggs was conducted by the West Virginia 

University’s Rumen Fermentation Profiling laboratory following AOAC protocol (1990).  After 

homogenizing yolk and albumin portions, we lyophilized eggs to constant mass and subsampled 

for repeat measurements of percent crude protein, fat, residual moisture, and ash.  All tests were 

performed on a dry matter basis.  We found egg content mass (yolk and albumin), egg width, egg 

length, and egg volume highly correlated with egg mass (rs ≥ 0.66, P ≤ 0.001), thus we did not 

use them as response parameters.  We did not consider egg moisture and shell mass as important 

indices of nutritional condition and did not include them in our analyses, but they are provided in 

Appendix E.  We used onset of laying (date), egg mass per female (g), clutch size, and chick 

weight per female (g) metrics in our analyses. 

Statistical analysis 

All statistical analyses were performed using SAS
™ 

version 9 (SAS Institute Inc., 2002–2004).  

Prior to analyses we tested all variables for normality (NORMAL option, PROC UNIVARIATE, 

SAS Institute, 2002–2004), and arcsine transformed all independent percent parameters for 

analyses, but report untransformed means and standard errors.  We used analysis of covariance 

(ANCOVA; PROC GLM) to test if minimum and maximum ambient and outside temperatures 

differed annually.        

     Predictive parameters.–– For assessing female ruffed grouse condition through time we 

determined body condition using the average of 3 consecutive TOBEC and body mass measures 

from early March through onset of laying.  We divided this metric into classes for use in one-

way analysis of variance as a categorical independent parameter (ANOVA; PROC GLM).  
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Determination of female condition in relation to sampling period, ration schedule, and calendar 

date are found in Appendix F, and a complete list of all variables used in analyses is in Table 4.1.  

Lastly, we established “post-laying fat” by the final sampling event 2-weeks post-clutch 

determination.  Although not used as a predictor variable, we used Spearman’s correlation 

coefficient (SPEARMAN option, PROC UNIVARIATE) to determine if females in higher pre-

laying fat condition remained in better condition after reproduction. 

To test for collinearity among independent variables we used Spearman’s Correlation 

Coefficient.  We used one-way ANOVA to test for differences in condition classes with regards 

to egg composition and production parameters.  We initially used age class (juvenile, adult) and 

year as fixed parameters in all tests.  Although there were significant age class effects with 

regards to some parameters tested, there were no discernible trends regarding whether adult 

metrics exceeded juveniles.  Therefore, we decided to combine age classes for final analyses.  

We investigated all plausible two-way interactions using linear contrasting to test each 

significant interaction. 

For egg composition, we tested body condition separately for relations with egg mass (g), 

egg protein (%), and egg fat (%).  Parameters of interest for egg production included mean egg 

mass (g) per female (whereas individual egg masses where analyzed for composition analysis), 

onset of laying (date), clutch size, and mean chick hatch mass (g) per female.  We tested all 

production parameters with each independent parameter separately as with egg composition.  

Interclutch composition analysis across first, middle, and last clutch eggs in 2004 was not 

possible due to the manner in which we sampled; females laid vastly different sized clutches, 

therefore comparisons between fixed egg positions within clutches were not possible due to 

sample size.  However, we were able to test first eggs in 2004 for egg composition differences 
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using the 3 independent parameters described above.  First eggs between years where compared 

for differences in composition with one-way ANOVA.  For 2005, we tested egg composition 

from first to sixth eggs nested by female (intraclutch) with one-way ANOVA, as well as 

interclutch differences across first and sixth eggs with regards to independent test parameters.  

An alpha level of 0.05 was used to determine significance in all analyses.   

RESULTS 

In 2004, 55 females laid eggs from 7 April–18 June; 6 (9.8%) females failed to lay.  In 2005, 58 

females laid eggs from 10 April–25 June; 9 (13.4%) females failed to lay.  Mean indoor 

minimum temperature at the grouse facility was 12.7 ± 0.33 C in 2004 and 12.2 ± 0.28 C in 

2005; mean maximum indoor temperature was 18.9 ± 0.44 C in 2004 and 17.9 ± 0.42 C in 2005.  

Mean minimum temperature outside of the facility was 4.2 ± 0.68 C in 2004 and 3.5 ± 0.63 C in 

2005; mean maximum outside temperature was 19.0 ± 0.82 C in 2004 and 18.5 ± 0.79 in 2005. 

Mean minimum and maximum outside temperatures at the ruffed grouse facility were similar 

between years (F1,422 = 1.17, P = 0.281; F1,422 = 0.18, P = 0.673; respectively); however, mean 

minimum and maximum indoor temperatures were higher in 2004 than 2005 (F1,415 = 4.08, P = 

0.441; F1,415 = 5.05, P = 0.025, respectively).    

Egg composition 

During 2004 and 2005, 103 females provided 154 eggs for analysis.  We discarded three, small 

(<10.0 g) eggs from 2005 as outliers, because this threshold has been observed to be critical for 

egg hatchability at the grouse facility (R. L. Cochrane, personal communication).   

     Intraclutch comparison.–– For change in egg composition within clutches (nested model), we 

found no differences in egg composition among first, middle, or last eggs in the clutch (Tables 
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4.2 and 4.3).  Females across all fat ranges laid eggs of similar mass, protein, and fat throughout 

their clutches in both years. 

     First eggs in 2004.–– We found no relation between body fat and egg mass, egg protein, or 

egg fat among first eggs in 2004 across all fat classes (Tables 4.3 and 4.4). 

     First eggs between years.–– We found no significant relation in egg mass, protein, or fat in 

first eggs between years across all condition classes (Tables 4.3 and 4.5).  First egg mass was 

higher in 2004 in the 10–14% fat class (F1,79 = 5.70, P = 0.019).  Egg protein was different 

between years in only the 25–29% class (F1,77 = 9.01, P = 0.004; Table 4.3), where first eggs 

were higher in protein content in 2004.  Egg fat content in first eggs was also higher in 2004 in 

the 15–19% fat class (F1,79 = 8.16, P = 0.006).  Despite these compositional differences within 

individual classes, we found no discernable trend with regards to fat condition positively or 

negatively affecting egg mass, egg protein, or egg fat. 

     Interclutch comparison in 2005.–– We found no interclutch (not nested by female) variation 

in egg composition in first and sixth eggs across all fat condition classes (Tables 4.3 and 4.6).   

Egg production 

We collected data from 103 clutches of ≥1 eggs, including chick mass from 41 clutches that 

produced ≥1 chick.  We found no relation between fat condition of females and mean egg mass 

or clutch size (Tables 4.7 and 4.8).  Onset of laying differed between years; females in 2004 laid 

earlier (Tables 4.7 and 4.8).  Females in 15–19 and 20–24% fat classes laid eggs before other 

classes in 2004, and the 25–29% class laid earlier than the 5–9, 10–14, 15–19, and 30+ % fat 

classes in 2005 (Table 4.8).  In both years, the 5–9% class had the latest onset date (Table 4.8). 

Notably the 0–4% class, which was only represented in 2004, had a late onset as well (Table 
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4.8).  We found no relation between female body fat and mean chick mass at hatch (Tables 4.7 

and 4.8).  Female pre- and post-laying fat were positively correlated (rs = 0.659, P ≤ 0.001).   

DISCUSSION 

Past research on galliform reproductive ecology has shown egg mass to be more a function of 

heredity and female size than nutritional or body condition (Breitenbach et al. 1963, Labisky and 

Jackson 1969, Moss and Watson 1982, Naylor and Bendell 1989, Giuliano et al. 1996).  Our 

finding that mean egg mass per clutch differed in only one fat class between years supports 

previous conclusions that egg mass is not related to fat condition.  Consistent egg mass coupled 

with the fact that we found no evidence that egg composition declines as successive eggs are laid 

suggests that females are partitioning resources equally throughout their clutch.   

Because supernumerary laying was exhibited by some females we examined clutch sizes 

that far exceeded what is considered normal for wild grouse, and we still found no significant 

declines in egg composition as successive eggs were laid (one egg was the 26th clutch egg in 

2004).  This would suggest that egg composition through time does not deteriorate through a 10–

12 egg clutch for ruffed grouse in varied planes of fat condition.  In 2005, only one fat class 

differed in egg protein (25–29% class) and egg fat (25–29% class) in first eggs, thus our findings 

did not show a specific trend to which fat condition positively or negatively effects any one egg 

parameter to a large extent, especially considering there were no fat classes that affected sixth-

laid eggs for this year.  Under nutritional constraint, birds with relatively little fat reserve can 

partition necessary amino acids from skeletal muscle to provide energy during egg development 

(Klasing 1998).  Beckerton and Middleton (1982) demonstrated that essential amino acid 

(protein) deficiencies led to smaller eggs and clutches in captive ruffed grouse.  Long (2007) 

found that Appalachian grouse consumed acorns almost exclusively when available, and 
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discussed how such cases would lead to a diet very high in metabolizable energy and low in 

dietary protein.  Reduced egg size or clutch size could be possible under such circumstances 

according to Beckerton and Middleton (1982), but were not encountered in this study, indicating 

our rations should have fulfilled minimum protein requirements for breeding female grouse.   

Egg fat, primarily represented by the yolk, is synthesized by the liver days prior to 

ovulation and requires essential fatty acids (EFA) for formation.  Klasing (1998) reports that 

EFA deficiencies are rare in Galliformes foraging on natural foods, and commercial feed (as 

used in this study along with test rations) should meet minimum daily requirements.  Yolk lipids 

(e.g., triglycerides, egg fat) are critical in supplying up to 90% of the energy for developing 

precocial chicks prior to hatch (Klasing 1998).  Our experimental rations appeared to provide 

adequate EFA’s for females to produce quality eggs and clutches.  Unlike altricial species, 

female grouse must produce young capable of leaving a nest only hours after hatching.  It does 

not seem feasible from a metabolic standpoint for a female to waste energy on an inferior egg 

(thus jeopardizing chick quality), and if present in a population, the creation of poor eggs would 

most likely be a trait selected against though evolutionary mechanisms.   

It is likely that photoperiod and year-to-year climatic variations largely determine onset 

of laying in ruffed grouse rather than any particular condition parameter (Meijer and Drent 

1999).  A review of the “capitol vs. income” theory in breeding birds led Meijer and Drent 

(1999) to conclude that initiation of laying is not directly related to female energetics.  They also 

reported that in avian food (energy) supplementation studies, onset of laying often begins earlier 

but does not lead to increased reproductive capacity.  Since follicular hypertrophy begins 6–8 

weeks before laying begins, females begin the metabolically-expensive process of reproduction 

long before eggs are laid, which indicates that laying is not a last-minute decision on behalf of 
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the female but rather a long and calculated physiological response to spring climatic conditions 

that usually dictate nutritional conditions and thus fat condition (Williams 2005).  We found that 

our leaner females (0–9% fat) began laying eggs later than birds with >9% body fat.  This may 

suggest that females having higher fat condition leading up to breeding may be physiologically 

able to lay eggs prior to birds with less body fat, although Dobony (2000) found a maximum 

range of only 11 days between earliest and latest hatch dates in West Virginia.  Long (2007) 

found that in areas where wild female Appalachian grouse were in poorer fat condition (<11% 

body fat), females demonstrated delayed nesting and lower chick survival to 5-weeks post-hatch 

than areas where grouse were in moderate to high body fat levels (>11% body fat).  These 

combined results may indicate a critical threshold for body fat condition and timing of laying in 

female ruffed grouse. 

Clutch size in ruffed grouse has been well documented since the mid 1900s (Bump et al. 

1947, Edminster 1947), and literature provides no evidence that wild ruffed grouse lay 

supernumerary eggs, suggesting fat condition plays little to no role in determining clutch size.  

Chick mass at hatch (11.6 ± 0.2 g, 9.0–15.3) did not provide evidence of a relation to female fat 

condition.  Smith (2006) reported a mean chick mass of 14.7 g (9.8–21.2) for wild-caught ruffed 

grouse chicks 2–4 days post hatch in the central and southern Appalachians.  Chick mass at hatch 

in this study was consistent with these reports, although the latter study used methods assessing 

chick mass 2–4 days after chicks were weighed in this study.  Higher variation and heavier chick 

masses found by Smith (2006) are likely due to the additional 2-4 days of growth and 

gastrointestinal fill from having time to establish foraging behavior.  Given that egg size is 

determinate once produced (and thus chick mass) and has been reported to be more a function of 

female size and heredity than nutritional or body condition, results from this study indicate that 
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in the Appalachians egg size and subsequent chick hatch mass are fixed parameters across 

varying nutritional planes.  We could not demonstrate that any Appalachian ruffed grouse 

females attempt to invest more energy into their eggs than what is necessary.  From an 

evolutionary perspective, investing a perfect balance of energy into producing a viable clutch of 

eggs would serve a species well; any additional energy invested above what is needed would 

seem wasted.  Previous hypotheses suggested that reduced productivity in Appalachian grouse 

could result from site-specific and habitat-specific constraints on nutritional and body condition 

(Smith 2006, Long 2007).   

It is feasible that lowered productivity and population numbers in the Appalachians is 

related to female condition and subsequent ability to rear chicks post-hatch.  A grouse female in 

suboptimal condition could be limited in her ability to brood chicks or keep a brood together 

during foraging, which could negatively impact survival or chick growth.  This study suggests 

that all female Appalachian ruffed grouse possess similar reproductive capacities; any 

detrimental effects that body condition has on productivity must be expressed after the nesting 

effort is complete.     
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Table 3.4.  Change in pre-laying fat (%; mean ± SE) among treatment groups of female ruffed 

grouse at West Virginia University’s Animal Science Farm 2004–2005.   

 

a
 Tukey’s honestly significant difference test (alpha = 0.05) where treatments with matching letters  

are similar

Treatment group Year n Value Tukey’s HSD0.05
a 

Control 2004 15 5.93 ± 1.39  

 2005 13 3.76 ± 1.34  

 Combined 28 4.92 ± 0.97 A 

High energy-low protein 2004 15 6.08 ± 1.27  

 2005 16 3.04 ± 1.65  

 Combined 31 4.51 ± 1.07 A 

Low energy-high protein 2004 12 -0.15 ± 1.19  

 2005 14 -0.51 ± 0.99  

 Combined 26 -0.35 ± 0.75 B 

Low energy-medium protein 2004 14 -3.34 ± 1.23  

 2005 15 1.07 ± 1.26  

 Combined 29 -1.05 ± 0.96 B 
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Table 3.5.  One-way ANOVA for laying fat (%) as a condition metric in captive grouse at the 

West Virginia University Animal Science Farm, 2004–2005.   

 

 

Independent parameters Effect F (df) P 

Year, Treatment Year 18.52 (1,109) <0.001 

 Treatment   4.44 (3,109)   0.006 

 Year × Treatment   2.65 (3,109)   0.053 
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Table 3.6.  Laying fat (%; mean ± SE) among treatment groups of female ruffed grouse at West 

Virginia University’s Animal Science Farm, 2004–2005.   

Parameter Year n      Value Tukey’s HSD0.05
a
 

Control 2004 15 15.62 ± 1.63  

 2005 13 18.86 ± 1.69  

 Combined 28 17.13 ± 1.19      A, B 

High energy-low protein 2004 15 17.46 ± 2.00  

 2005 16 19.69 ± 2.67  

 Combined 31 18.61 ± 1.67 A 

Low energy-high protein 2004 13 11.19 ± 1.05  

 2005 15 15.27 ± 1.16  

 Combined 28 13.38 ± 0.87 B 

Low energy-medium protein 2004 15 9.69 ± 1.14  

 2005 15 19.14 ± 1.32  

 Combined 30 14.41 ± 1.23      A, B 

Year 2004 58 13.57 ± 0.86 A 

 2005 59 18.24 ± 0.93 B 

 

a
 Tukey’s honestly significant difference test (alpha = 0.05) where treatments with matching letters  

are similar 
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Table 3.7.  One-way ANOVA for change in fat (%) during reproduction as a condition metric in 

captive grouse at West University Animal Research Farm, 2004–2005. 

Independent parameters Effect F (df) P 

Year, Treatment Year 4.95 (1,88) 0.029 

 Treatment 1.17 (3,88) 0.325 

 Year × Treatment 1.65 (3,88) 0.183 
 

 



Proctor et al.    73

Table 3.8.  Change in fat during reproduction (%; mean ± SE) among treatment groups of female 

ruffed grouse at West Virginia University’s Animal Science Farm, 2004–2005.   

Parameter Year n        Value 

Control 2004 14 –5.15 ± 2.06  

 2005 11 –3.49 ± 1.15 

High energy-low protein 2004 12 –3.49 ± 1.57 

 2005 16 –6.90 ± 2.09 

Low energy-high protein 2004 12 –1.59 ± 0.91 

 2005 9 –6.23 ± 1.32 

Low energy-medium protein 2004 10 0.57 ± 0.99 

 2005 12 –4.78 ± 1.23 
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 Table 3.9.  One-way ANOVA for post-laying percent fat (%) of captive grouse 2-weeks after 

termination of laying at West University Animal Research Farm, 2004–2005. 

Independent parameters Effect F (df) P 

Year, Treatment Year 4.70 (1,90) 0.033 

 Treatment 1.57 (3,90) 0.203 

 Year × Treatment 1.35 (3,90) 0.264 
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Table 3.10.  Post-laying fat (%; mean ± SE) of female ruffed grouse at West Virginia 

University’s Animal Sciences Farm, 2004–2005.   

Year n Percent fat Tukey’s HSD0.05
a
 

2004 48 10.93 ± 0.61 A 

2005 50 13.12 ± 0.72 B 

 
a
 Tukey’s honestly significant difference test (alpha = 0.05) where treatments with matching letters  

are similar 
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Table 3.11.  One-way ANOVA for pre-laying body mass (g) at onset of laying in captive grouse 

at West University Animal Research Farm, 2004–2005. 

Independent parameters Effect F (df) P 

Year, Treatment Year 2.99 (1,109) 0.087 

 Treatment 4.31 (3,109) 0.007 

 Year × Treatment 3.07 (3,109) 0.031 
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Table 3.12.  Treatment effect on pre-laying body mass (g; mean ± SE) of female ruffed grouse at 

West Virginia University’s Animal Science Farm, 2004–2005.   

Treatment group Age class n Mass Tukey’s HSD0.05
a
 

Control 2004 15 558.13 ± 13.15  

 2005 13 562.02 ± 12.50  

 Combined 28 559.94 ± 8.97  A 

High energy-low protein 2004 15 559.67 ± 12.51  

 2005 16 556.00 ± 15.65  

 Combined 31 557.78 ± 9.93      A, B 

Low energy-high protein 2004 13 526.71 ± 11.93  

 2005 15 526.67 ± 8.37  

 Combined 28 526.69 ± 6.99       A, B 

Low energy-medium protein 2004 15 493.06 ± 15.39  

 2005 15 556.77 ± 12.26  

 Combined 30 524.92 ± 11.34   B 

  

a
 Tukey’s honestly significant difference test (alpha = 0.05) where treatments with matching letters  

are similar 
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Table 4.1.  Independent and dependent variables used to assess female ruffed grouse condition 

and reproduction at West Virginia University Animal Sciences Farm 2004–2005. 

 

Variable Data type Variable type 
 

Notes 

Age class Categorical Independent 
 

Juvenile, adult 

Year Categorical Independent 
 

2004, 2005 

Body fat (%) Categorical Dependent 
 

0–40+ %, in 5% classes 

Clutch onset Continuous Dependent 
 

Date 

Egg protein (%) Continuous Dependent 
 

 

Egg fat (%) Continuous Dependent 
 

 

Egg mass (g) Continuous Dependent 
 

 

Clutch size Continuous Dependent 
 

 

Chick mass (g) Continuous Dependent 
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Table 4.2.  One-way ANOVA for intraclutch variation in egg composition (nested by female) 

tested using percent body fat as a condition metric in captive female ruffed grouse at the West 

Virginia University Animal Sciences Farm 2004-2005.  For 2004, first, middle, and last-laid 

eggs were used.  For 2005, first and sixth-laid eggs were used in analysis.  Values can be found 

in Table 4.3.  

Year 

Dependent 

parameter F (df) P 

2004 Egg mass 1.30 (5,32) 0.283 

 Egg protein 1.06 (5,32) 0.394 

 Egg fat 1.15 (5,32) 0.351 

2005 Egg mass 0.34 (4,13) 0.847 

 Egg protein 1.83 (4,13) 0.142 

 Egg fat 0.78 (4,13) 0.543 
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Table 4.3.  Mean mass, percent protein, and percent fat of eggs tested with one-way ANOVA 

using percent body fat as a condition metric in captive female ruffed grouse at the West Virginia 

University Animal Sciences Farm 2004–2005.  Body fat is a range (%).  Clutch egg is sequential 

egg position within clutch. 

 

Year 

% Body 

fat
 

Clutch 

egg
a 

n  Egg mass (g) Egg protein (%) Egg fat (%) 

2004 0–4  First 3  16.84 ± 0.86 43.63 ± 0.94 40.44 ± 0.66 

  Last 2  17.30 ± 0.08 45.74 ± 2.78 39.01 ± 0.87 

 5–9 First 11  15.96 ± 0.58 43.39 ± 0.49 40.49 ± 0.60 

  Middle 5  16.79 ± 0.95 46.31 ± 1.29 38.95 ± 1.11 

  Last 4  16.61 ± 0.39 45.96 ± 0.83 40.94 ± 0.73 

 10–14 First 19  16.57 ± 0.42 43.98 ± 0.54 40.16 ± 0.54 

  Middle 8  15.78 ± 0.45 45.41 ± 0.88 40.18 ± 0.76 

  Last 8  16.09 ± 0.35 45.08 ± 0.88 40.59 ± 1.00 

 

a
 In 2004, first, middle, and last eggs from clutches were analyzed.  In 2005, first and sixth eggs 

were analyzed.   
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Table 4.3.  (continued).   

 

a
 In 2004, first, middle, and last eggs from clutches were analyzed.  In 2005, first and sixth eggs 

were analyzed. 

 

 

 

 

 

 

 

 

Year 

% Body 

fat
 

Clutch 

egg
a 

n  Egg mass (g) Egg protein (%) Egg fat (%) 

2004 15–19 First 11 
 

17.71 ± 0.41 44.83 ± 0.42 39.57 ± 0.50 

  Middle 4 
 

15.84 ± 0.99 46.04 ± 0.50 40.44 ± 0.69 

  Last 7 
 

16.95 ± 0.53 45.04 ± 0.48 40.42 ± 0.53 

 20–24 First 3 
 

16.92 ± 0.22 43.06 ± 1.27 42.38 ± 1.28 

  Middle 1 
 

17.66 43.42 41.25 

  Last 2 
 

16.81 ± 0.18 44.08 ± 0.72 41.83 ± 0.33 

 25+ First 2 
 

15.81 ± 1.04 44.44 ± 0.93 41.48 ± 0.21 

  Middle 2 
 

15.52 ± 0.21  42.06 ± 1.47 41.55 ± 1.79 
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Table 4.3.  (continued).   

 

a
 In 2004, first, middle, and last eggs from clutches were analyzed.  In 2005, first and sixth eggs 

were analyzed.

 

Year 

% Body 

fat
 

Clutch 

egg
a 

n  Egg mass (g) Egg protein (%) Egg fat (%) 

2005 10–14 First 12 
 

17.30 ± 0.44 44.27 ± 0.53 40.03 ± 0.59 

  Sixth 4 
 

16.42 ± 1.11 46.45 ± 0.88 37.81 ± 0.76 

 15–19 First 11 
 

15.69 ± 0.61 46.04 ± 1.02 37.57 ± 1.18 

  Sixth 6 
 

15.81 ± 0.50 46.34 ± 1.30 40.34 ± 1.89 

 
20–24 

First 8 
 

15.87 ± 0.67 44.62 ± 1.03 39.64 ± 1.04 

 
 

Sixth 8 
 

15.64 ± 0.42 45.52 ± 0.41 38.31 ± 0.95 

 
25–29 

First 6 
 

16.79 ± 0.79 42.71 ± 0.79 41.17 ± 0.91 

 
 

Sixth 2 
 

16.96 ± 0.89 42.93 ± 0.91 39.30 ± 0.69 

 
30+ 

First 2 
 

16.65 ± 0.96 44.14 ± 1.49 39.49 ± 0.17 

 
 

Sixth 1 
 

15.90 44.12 34.50 
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Table 4.4.  One-way ANOVA for variation in first egg composition in 2004 tested using percent 

body fat condition as a condition metric in captive female ruffed grouse at the West Virginia 

University Animal Sciences Farm 2004–2005.  Values can be found in Table 4.3.   

Independent 

variable 

Dependent 

variable F (df) P 

Laying fat Egg mass 1.15 (5,43) 0.347 

 Egg protein 0.23 (5,43) 0.947 

 Egg fat 0.69 (5,43) 0.637 
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Table 4.5.  One-way ANOVA for variation in first egg composition between 2004 and 2005 

tested using percent body fat condition as a condition metric in captive female ruffed grouse at 

the West Virginia University Animal Sciences Farm 2004–2005.  Values can be found in Table 

4.3.   

Independent 

variable 

Dependent 

variable Model F (df) P 

Laying fat Egg mass Laying fat 0.30 (6,79) 0.937 

  Year 0.43 (1,79) 0.514 

  Year × Laying fat 1.47 (3,79) 0.229 

 Egg protein Laying fat 0.47 (6,79) 0.828 

  Year 1.13 (1,79) 0.291 

  Year × Laying fat 0.50 (3,79) 0.686 

 Egg fat Laying fat 0.41 (6,79) 0.868 

  Year 2.15 (1,79) 0.146 

  Year × Laying fat 0.81 (3,79) 0.494 
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Table 4.6.  One-way ANOVA for variation in egg composition of first and sixth-clutch eggs 

across independent parameters in 2005 tested using percent body fat condition as a condition 

metric in captive female ruffed grouse at the West Virginia University Animal Sciences Farm 

2004–2005. Values can be found in Table 4.3. 

Independent 

variable 

Clutch  

egg 

Dependent 

variable F (df) P 

Laying fat 1 Egg mass 0.48 (4,36) 0.748 

  Egg protein 1.14 (4,36) 0.353 

  Egg fat 0.93 (4,36) 0.457 

 6 Egg mass 0.21 (4,17) 0.929 

  Egg protein 1.28 (4,17) 0.317 

  Egg fat 0.50 (4,17) 0.739 
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Table 4.7.  One-way ANOVA for egg production and mean chick hatch mass per female tested 

using percent body fat condition as a condition metric in captive female ruffed grouse at the 

West Virginia University Animal Sciences Farm 2004–2005.  Year was a fixed parameter in all 

tests.  Values are shown in Table 4.8. 

Independent 

parameter 

Dependent 

parameter Model effect
 

           F (df)            P 

Laying fat Mean egg mass Laying fat 0.55 (6,92) 0.583 

  Year 0.87 (1,92) 0.833 

  Year × Laying fat 0.81 (3,92) 0.490 

 Clutch size Laying fat 1.13 (6,92) 0.349 

  Year 1.26 (1,92) 0.264 

  Year × Laying fat 0.25 (3,92) 0.860 

 Laying onset Laying fat 2.57 (6,92) 0.024 

  Year 11059.80 (1,92) ≤0.001 

  Year × Laying fat 0.48 (3,92) 0.700 

 Mean chick mass Laying fat 0.63 (5,32) 0.676 

  Year 1.60 (1,32) 0.215 

  Year × Laying fat 0.23 (2,32) 0.798 
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Table 4.8.  Values (mean ± standard error) for ruffed grouse reproduction parameters at West 

Virginia University Animal Sciences Farm 2004–2005.  Laying fat is a range (%).  Egg mass (g) 

and chick hatch mass (g) were averaged per female (n) prior to analysis.  

Year 

Laying 

% fat n  Egg mass Clutch size Laying onset
a
 Chick mass (nc)

 b
 

2004  0–4 3  17.87 ± 0.68 6.67 ± 2.03 07 May ± 6.01 11.85 ± 0.75 (2) 

 5–9 12  16.22 ± 0.44 8.00 ± 1.55 10 May ± 2.96 11.29 ± 0.38 (4) 

 10–14 20  16.61 ± 0.24 10.20 ± 1.22 27 April ± 2.00 11.65 ± 0.40 (13) 

 15–19 11  17.59 ± 0.39 15.82 ± 2.13 21 April ± 1.89 12.31 ± 0.30 (5) 

 20–24 3  17.32 ± 0.40 10.33 ± 2.60 24 April ± 0.58 11.70 ± 0.44 (3) 

 25+ 2  16.07 ± 0.01 9.50 ± 4.50 29 April ± 4.00 10.44 (1) 

2005 5–9 1  19.70  1.00 03 May  N/A (0) 

 10–14 16  16.69 ± 0.39 7.13 ± 1.50 30 April ± 3.36 11.88 ± 0.97 (3) 

 15–19 16  15.79 ± 0.31 8.19 ± 1.76 25 April ± 2.97 10.27 ± 0.65 (3) 

 20–24 10  15.78 ± 0.33 11.10 ± 2.05 22 April ± 2.70 11.62 ± 0.33 (5) 

 25–29 6  17.18 ± 0.55 6.83 ± 2.97 20 April ± 1.72 11.94 ± 0.04 

 30+ 2  15.62 ± 0.07 8.50 ± 5.50 29 April ± 10.50 N/A (0) 

 
a
 Mean onset calendar date ± standard error in days 

 
b
 nc = number of clutches resulting in ≥1 hatched chick 

 



Proctor et al.    88

 
 

Figure 1.1.  Range and overlap of aspen (Populus spp.) and ruffed grouse (Bonasa umbellus) in 

North America.  Range of ruffed grouse subspecies within northern range (C = Canadian [B. u. 

togata], E = eastern [B. u. umbellus]) and the Appalachian region (A = Appalachian [B. u. 

monticola]). 
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Figure 3.1.  Mean daily feed intake of the control treatment group and amount fed to fixed-

treatment groups (high-energy, low-protein; low-energy, high-protein; low-energy, medium-

protein) from February 1 until the termination of reproduction at West Virginia University’s 

Animal Sciences Farm, 2004–2005.  Vertical line denotes onset of laying in both years 

(approximately 10 weeks).
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Appendix B.  Cage layout and treatment assignments within the ruffed grouse facility for the 

2004 and 2005 experiments.  Cages are arranged in 4 rows, stacked top to bottom, 2 cages high 

and 12 across.  Treatment rations are shown at the top of each block (HE-LP = High energy-low 

protein; LE-HP = Low energy-high protein; LE-MP = low energy-medium protein).  A = adult 

female, J = juvenile female.   

Control  HE-LP  LE-HP  LE-MP  

A
 

J
 

Male A J Male A J Male A J Male 

A J Male A J Male A J Male A J Male 

 

 

 

 HE-LP  LE-HP  LE-MP  Control 

Male J A Male J A Male J A Male J A 

Male J A Male J A Male J A Male J A 

 

 

 

 LE-HP  LE-MP  Control  HE-LP 

Male A J Male A J Male A J Male A J 

Male A J Male A J Male A J Male A J 

  

 

 

LE-LP  Control  HE-LP  LE-MP  

J A Male J A Male J A Male J A Male 

J A Male J A Male J A Male J A Male 
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Appendix C.  Candidate models for estimating percent fat based on analysis of sacrificed grouse 

(n = 16 individuals).  Data were fit using linear regression in SAS (PROC REG, SAS Institute 

Inc. 2002–2004).   

Model R
2
 (Adjusted)   P 

1) Percent fat = Body mass   0.65 (0.62)   ≤ 0.001 

 

2) Percent fat = TOBEC value  0.12 (0.05) 0.197 

 

3) Percent fat = Body mass + TOBEC value
a,b 

 0.83 (0.81)   ≤ 0.001 

 

 

a
 TOBEC adjusted partial R

2
 = 0.18 

b
 Variance Inflation Factor for both independent parameters was 2.42.  Condition indices for 

body mass and TOBEC were 15.84 and 29.07, respectively 
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