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Appalachians 

 

Darroch M.Whitaker 
 

ABSTRACT 

 

Ruffed grouse populations are low in Appalachian forests, possibly because low habitat quality 

negatively affects survival, condition, and reproduction. Through the Appalachian Cooperative 

Grouse Research Project (ACGRP) researchers tracked >1500 radioed grouse at 10 study sites 

(1996–2002). To improve our understanding of Appalachian grouse habitat ecology, I carried out 

two primary analyses of this database. First, grouse should be under selective pressure to 

minimize movements, so I studied factors associated with variation in home range size. Second, 

importance of a habitat is affected by an individual’s resource needs, and I investigated factors 

associated with variation in selection of “preferred” habitats. Both approaches yielded important 

insights into the species’ regional habitat ecology.  

 

As elsewhere, clearcuts, which afford escape cover, formed the cornerstone of grouse habitat in 

the region. However, a number of other factors were also important. At the root of this was a 

divergence in habitat ecology between grouse inhabiting the two major forest types in the region. 

In oak-hickory forests nutritional constraint strongly influenced habitat use. Grouse home ranges 

increased 2.5× following poor hard mast crops, and at these times grouse increased use of 

alternate foraging habitats. Grouse, especially females and broods, made extensive use of mesic 

bottomlands and forest edges, which in oak-hickory forests support relatively abundant soft mast 

and herbaceous forages. In contrast, grouse inhabiting mixed mesophytic forests were insensitive 

to hard mast, did not select bottomlands, reduced use of forest edges, and increased use of 

clearcuts. I feel that greater abundance of birch, cherry, and aspen, buds of which are a high 

quality winter food, relieves nutritional stress on grouse inhabiting mesophytic forests. A general 

inference was that grouse attempted to balance competing strategies of maximizing either 

survival or condition, and the expression of this tradeoff was mediated by forest composition. 



 

Also presented here were studies of radiotelemetry error, roost site selection, and suitability of 

prescribed burning as a habitat improvement technique. In the closing chapter I make 

recommendations for managing Appalachian forests for grouse, which focus on improving 

winter foraging habitat, brood habitat, and escape cover, all of which are limiting in Appalachian 

forests.
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FOREWORD 
 
Research presented here was conducted as part of the Appalachian Cooperative Grouse Research 

Project (ACGRP), an extensive investigation into the ecology of ruffed grouse in the southern 

and central Appalachian Mountains. Radiotracking data were collected from 1996–2002 at ten 

study sites located in Rhode Island, Pennsylvania, Maryland, West Virginia, Virginia, Kentucky, 

and North Carolina. Various ACGRP investigations focused on the population, habitat, and 

nutritional ecology of Appalachian grouse. This dissertation includes analyses of the accuracy of 

radiotracking methods used across the ACGRP (Chapter 1), of the overall habitat use dataset 

from all study sites (Chapters 3 and 4), and of more localized investigations into roost site 

selection (Chapter 2) and the suitability of prescribed burning of clearcuts as a habitat 

improvement technique (Chapter 5). I close with a review of our current understanding of ruffed 

grouse habitat ecology in the southern and central Appalachians, and, based on this, recommend 

region-specific habitat management prescriptions for grouse (Chapter 6). In addition to findings 

presented in this dissertation, this review draws heavily on a number of other graduate studies 

conducted through the ACGRP. These focused on various details of ruffed grouse habitat 

ecology, including nest and brood habitat (Haulton 1999, Tirpack 2000, Fettinger 2002), habitat 

selection by adults (Schumacher 2002, Endrulat 2003), and landscape ecology (Fearer 1999).  
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CHAPTER 1: FACTORS AFFECTING THE ACCURACY OF ANIMAL LOCATION ESTIMATES 

OBTAINED USING MOBILE RADIOTRACKING EQUIPMENT 

 

ABSTRACT – Studies of animal movements and habitat selection often rely on data sets 

comprised of successive accurate location estimates for individual animals. Radiotelemetry is a 

commonly employed technique for obtaining such data, and was the primary method used to 

collect ruffed grouse (Bonasa umbellus) location data presented in this dissertation. We 

conducted a study investigating sources of error in Appalachian Cooperative Grouse Research 

Project (ACGRP) radiotelemetry location data by placing radio transmitters at known locations 

and having observers triangulate them using mobile handheld receiving equipment. By 

modifying the way in which locations were estimated from the resulting sets of azimuths we 

were able to reduce our mean location error rate to 50–65% of that associated with more 

commonly employed location estimation techniques. Number of azimuths collected, decision 

rules used to screen azimuths, and the approach used to estimate a location from a set of 

azimuths (map board versus computer) all had large effects on location error. Modifying these 

factors added little or no burden in terms of cost, labor or complexity. We found that attempts to 

reduce error by minimizing the size of areal precision estimators (i.e. error triangles and 

confidence ellipses) increased error and encouraged observer bias, leading to severe 

overestimation of data quality. While Lenth ellipse area was weakly correlated with location 

error, geometric mean distance between receiving stations and the location estimate was a much 

better predictor of error. Using screening criteria and analytical techniques based on these 

analyses, we were able to reduce mean error rates in our test location dataset from 106.0m to 

76.0m. 

 

INTRODUCTION 

 

Because it allows observers to reliably identify, relocate, and monitor individual free-living 

animals, radiotelemetry has been of great benefit to wildlife research. In most radiotelemetry 

studies the fundamental data set consists of a series of location estimates for an individual 

animal. Radio signals produced by a transmitter allow a researcher to determine a study animal’s 

location using a variety of methods. In many cases the observer can approach the animal until 
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visual contact is made, and the resulting location record is presumably as accurate as the 

observer’s knowledge of his or her own location. A more commonly employed relocation 

method is “triangulation,” where observers record azimuths to the transmitter from several 

known locations and take their intersection as an estimate of the animal’s location. Because of 

the imprecision inherent in measuring the direction to the source of a radio signal, as well as 

other potential problems, these triangulated location estimates typically include some error. 

However researchers have been slow to acknowledge the potential negative consequences of this 

error on inferences obtained from telemetry studies. For example, most contemporary telemetry 

studies published in the Journal of Wildlife Management (1986-1999) failed to adequately report 

error rates in location data or describe any steps taken to reduce these errors (Saltz 1994, Withey 

et al. 2001). Further, reporting did not improve over time, and many studies reported error 

“metrics,” such as error ellipse size or bearing error, that are not true measures of the accuracy of 

location estimates (Withey et al. 2001). 

 

Radiotelemetry is fundamental to most research being conducted by the Appalachian 

Cooperative Grouse Research Project (ACGRP), a study investigating the ecology of Ruffed 

grouse (Bonasa umbellus). More than 120 researchers working on 10 study sites in nine states 

have radioed and tracked >1500 grouse. Cooperating biologists come from eight state-level and 

two federal resource management agencies, eight universities, and industry. These cooperators 

meet biannually, in large part to develop standardized data collection protocols. A perennial and 

contentious topic at these meetings was the development of a rigorous yet efficient protocol for 

estimating locations of radio-equipped grouse. As this is one of the most widely used and 

fundamental research methods in wildlife science, it was surprising that such a large, diverse, 

and experienced group of professionals could not agree on acceptable field protocol. Published 

evaluations of radiotelemetry methods (prior to 1998) also failed to resolve our concerns. These 

studies typically have been based either on tests of elaborate fixed tower receiving systems or 

abstract modeling exercises employing simplistic assumptions (e.g., symmetric, fully-accessible 

study areas, and animals which remain within the predetermined study area). Consequently they 

fail to address many issues germane to the relatively crude mobile tracking systems used in most 

field studies. Given this uncertainty, we felt compelled to conduct our own test of various 

approaches to estimating transmitter locations with our mobile telemetry systems. 
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I identified four issues that I felt were key to efficiently collecting rigorous location data. First, 

there was considerable debate about how many azimuths were necessary to accurately estimate 

an animal’s location. Traditionally location estimation has involved plotting two or three 

azimuths on a map and assuming that their intersection (two azimuths) or the center of the 

triangle formed by their intersection (three azimuths) is the best estimate of the animal’s 

location. However, maximum likelihood-based location estimation methods are now offered in 

several computer software packages, and allow the consideration of an unlimited number of 

azimuths (Lenth 1981). This in turn led to our second question: do computer-based maximum 

likelihood methods afford enough added accuracy to justify the increased complexity and 

equipment needs compared to map boards? The ability to consider additional azimuths also leads 

to my third question: if a researcher feels that a particular azimuth is erroneous, should they 

discard it? If so, what decision rules should one use when censoring data? Finally, the perennial 

question of how to best identify potentially unreliable location estimates (i.e. quality control) was 

of concern.  

 

To address these questions we carried out a beacon study as outlined by White and Garrott 

(1990), and I used the resulting data to test the performance of a variety of widely applied 

approaches to location estimation. Throughout, I have attempted to shed light on commonly 

misunderstood or overlooked aspects of radiotelemetry and identify simple steps to improve 

location accuracy. My primary objective was to generate information for field biologists to use 

when developing practical yet rigorous protocols for their own studies.  

 

METHODS 
 
Test data were collected at three ACGRP study sites in the Appalachian Mountains of western 

Virginia during the winter and summer of 1998. Study sites cover 2,000–10,000 ha, and are 

dominated by mature oak-hickory and mixed mesophytic forest cover. Topography is complex, 

with an abundance of mountains, ridges and hollows, and relief exceeding 500 m on all sites. 

Consequently, observers regularly encounter problems with topographically induced radio signal 

reflection (bounce) and diffraction (bend). At each study site we placed 6–10 radio transmitters 

in areas where we regularly located our radio-equipped ruffed grouse. Radios were 10g necklace-
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style transmitters with 32cm dipole (whip) antennae and broadcast at frequencies between 

148.000–151.999 MHz (Advanced Telemetry Systems Inc., Isanti, MN). Transmitters were 

suspended 15–20cm above the ground, the approximate height of the transmitter on a Ruffed 

grouse. Each of two observers working on a site “located” their designated beacons on three 

occasions during both winter (leaf off) and summer (leaf on). Data were collected during the 

course of daily tracking of radio-equipped Ruffed grouse. Observers were aware that they were 

collecting test data, but did not know the location of the transmitters they were tracking. For each 

location estimate, azimuths were measured using a mobile handheld telemetry system (receiver 

and two or three element Yagi antenna) from five telemetry stations. Observers at each study site 

had a network of >100 stations to choose from. Locations of receiving stations and beacon 

transmitters were determined in Universal Transverse Mercator coordinates (UTM) using a 

Global Positioning System (GPS) corrected against a local base station. Though under ideal 

conditions receiving stations would be equally spaced surrounding the transmitter (White 1985, 

White and Garrott 1990), constraints on access and travel time meant that most of our receiving 

stations were located along existing forest access roads and consequently rarely encircled the 

transmitter. Though not ideal, this circumstance is typical of telemetry studies employing mobile 

tracking systems in rugged terrain.  

 

Following field data collection, we calculated the difference between each estimated azimuth and 

the true azimuth from that station to the transmitter. We took the proportion of azimuths 

deviating from the true azimuth by ≥15° as an index of the incidence of reflected radio signals on 

each study area. Steep slopes, concave landforms, and topographic obstruction cause radio signal 

reflection. Hence, we expected signal reflection rates to be positively related to terrain 

ruggedness. We estimated the ruggedness of each study area using the Land Surface Ruggedness 

Index (LSRI; Beasom et al. 1983). For this we used a 1-km2 dot grid (1:24,000 scale; 100ha × 1 

dot/ha) with 1:24,000 scale USGS topographic maps having 12.2m (40 ft) contour intervals. We 

overlaid the dot grid on 10 randomly selected (without replacement) 1-km2 UTM grid squares on 

each study area map and recorded the number of dots falling on contour lines. Because maps 

depicting steeper slopes have more contour lines, and more convoluted land surfaces have longer 

contour lines, the proportion of dots falling on contour lines (the LSRI) is positively correlated 

with terrain ruggedness (Beasom et al. 1983).  
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Bearing bias and bearing error (i.e., mean azimuth error and SD, respectively; see White and 

Garrott 1990) determine the precision (versus accuracy) of radiotelemetry data. We estimated 

these parameters for our telemetry systems using our data on azimuth errors. Efforts must be 

made to eliminate reflected signals when estimating bearing error (Lee et al. 1985), so we 

assumed that azimuths deviating from the true azimuth by ≥15° were bounce and deleted them 

during this analysis of bearing error. However note that all five azimuths per location were 

considered in all subsequent tests of location accuracy. Because the distribution of errors around 

the mean is the parameter of primary interest in analyses of bearing error, we tested for effects of 

study area and season on the standard deviation of bearing error using Levene’s test for 

homogeneity of variances (Minitab, State College, PA). Because each observer collected data 

on only one study area, we could not test for differences among individuals. 

 

Eight methods were used to generate location estimates from each set of five azimuths. These 

differed in the number of azimuths considered, screening criteria used to censor unacceptable 

azimuths, and in the approach used to estimate the transmitter’s location. They include most 

techniques commonly used in contemporary radio tracking studies. Some of these methods were 

expected to perform poorly but were tested because they are regularly used in contemporary 

studies (see below). The eight location estimation methods tested were as follows: 

1) MB-2 — The two outermost azimuths were plotted by hand on a map board (i.e. 

1:24,000 scale topographic map). UTM coordinates at their intersection were read from the map 

and used as the location estimate. No location estimate could be generated if the azimuths did not 

intersect. If bearing errors are not extreme the most precise location estimates should be obtained 

from pairs of azimuths intersecting at an angle of 90–110° (Springer 1979, Zimmerman and 

Powell 1995). However we used an arbitrary selection criterion because we assumed that 

trackers estimating locations from two azimuths rarely collect a set of five to choose among.  

2) MB-3 — Once again azimuths were plotted on a map board, but in this case we used 

the first, middle and last of the five azimuths to “triangulate” an estimated location. A location 

estimate was obtained by reading the coordinates at the center of the “error triangle” formed by 

the intersection of the three azimuths. The transmitter location could not be estimated if all three 

azimuths did not intersect.  
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3) PC-3 — We entered the same set of three azimuths used in the MB-3 location into a 

computer program designed for the analysis of radio tracking data (Locate II, Pacer Inc., Truro, 

NS). To estimate the location we specified Lenth’s (1981) Maximum Likelihood Estimator 

(MLE) method with bearing error estimated independently from each set of azimuths. The MLE 

estimator weights all azimuths equally. Compared to the MB-3 method, this approach should 

eliminate human error associated with plotting telemetry stations and azimuths by hand and 

reading coordinates from a map.  

4) PC-4 — As with the PC-3 method we used the computer-based MLE method to 

estimate transmitter locations; however in this case we used four azimuths. These included the 

three azimuths used in the PC-3 locations, plus the remaining azimuth that bisected the larger 

inside angle. 

5) PC-5 — We used the computer-based MLE method to estimate transmitter locations 

using all five azimuths. 

6) PC-TRI — We used Locate II to generate an MLE location estimate from the subset 

of three azimuths having the tightest intersection (i.e. smallest confidence ellipse). This azimuth 

screening method is widely used by radio trackers (personal observation). However our 

simulation may be somewhat unrealistic in that observers often collect fewer than five azimuths, 

so cannot always exercise a comparable degree of choice. This method is effectively the same as 

selecting the subset of three azimuths having the smallest error triangle on a map board. 

7) PC-ARA (All Reasonable Azimuths) — We estimated MLE locations using all 

azimuths that were not in clear disagreement with the others. Azimuths that we judged to be 

blatant outliers were assumed to be reflected signals (bounce) and censored. In most cases we 

retained four or all five azimuths. This decision rule was conceived because, while previous 

research has shown that observers can be relatively successful in identifying reflected signals 

(Zimmerman and Powell 1995), azimuths within a set collected to estimate a transmitter’s 

location are independent observations. Consequently statistical logic suggests that observers, 

who do not know which azimuths are in fact most accurate, are not justified in ignoring one 

reasonable azimuth in favor of another simply because it does not appear to “fit” well.  

8) PC-TUK — We estimated locations using Locate II and all five azimuths, but in this 

case specified the Tukey rather than the MLE estimation algorithm (Nams 1990). With this 

method azimuths are individually weighted based on the extent to which they agree with others 



Darroch M. Whitaker Chapter 1: Radiotelemetry Accuracy 7 

in the set. The Tukey estimator is effectively the same as the Andrews estimator, and can assign 

a zero weight to extreme azimuths (Beaton and Tukey 1974; Lenth 1981; Nams 1990). To have 

an adequate frame of reference such azimuth-weighting algorithms should be used with at least 

five azimuths (Nams 1990). When used with fewer azimuths these weighting methods often 

(appropriately) fail to return a location estimate (e.g., Garrott et al. 1986).  

 

To measure error for each location estimate we calculated the Euclidean distance between the 

transmitter’s estimated and true locations (linear error). While this is a useful 1-dimensional 

measure, location errors occur in 2-dimensional space. We approximated this by calculating the 

area of a circle having a radius equal to our linear error estimate (i.e. [π×(r)2], where r = linear 

error). This acknowledges that the observed linear error could have occurred in any direction 

from the true location (see also Rettie and McLoughlin 1999). We compared linear error rates 

associated with the various location estimation techniques using a general linear model (PROC 

GLM; SAS Inc., Cary, NC). We treated the dataset as a randomized block design, where each set 

of five azimuths was considered a block (random effect) and each of the eight location 

estimation methods a treatment level (fixed effect). To make the data meet the assumption of 

normality implicit in this test, we applied a Box-Cox transformation to the linear errors (i.e. 

raised all observations to the power of λ, the exponent yielding the most normal data set; Sokal 

and Rohlf 1995). Tukey’s studentized range test was used to compare pairs of location 

estimation methods. These paired comparisons were carried out with the level of significance set 

at α = 0.10. In reporting the results of these comparisons we provide both the arithmetic mean of 

the error rates associated with each estimation method and the back-transformed Box-Cox means 

(i.e. Box-Cox mean raised to the exponent of 1/λ). This latter value is similar to a geometric 

mean, and so, by reducing the influence of outlying (extreme) observations, should better 

represent strongly right-skewed data sets.  

 

For maximum likelihood-based methods Lenth confidence ellipses (Lenth 1981) are commonly 

used to assess quality of location estimates. We used two approaches to evaluate the performance 

of Lenth 95% confidence ellipses as metrics of location quality. First we determined the 

proportion of ellipses encompassing the true transmitter location. Second, for the most accurate 
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estimation methods, we carried out regression analyses evaluating ellipse size as a predictor of 

linear location error (i.e. actual error).  

 

Location error is positively correlated with the distance between the receiver and transmitter 

(Heezen and Tester 1967, Springer 1979, Zimmerman and Powell 1995, Withey et al. 2001). To 

evaluate the utility of this measure as an indicator of location accuracy, we regressed the errors 

from our location estimates against the Geometric Mean Distance (GMD) between the receiving 

stations and the known location of the transmitter. Since the true transmitter location is not 

normally known, we repeated these analyses using the GMD from receiving stations to the 

estimated location. We used the geometric rather than the arithmetic mean as this measure places 

less weight on unusually distant stations (see also Zimmerman and Powell 1995). 

 

RESULTS 
 
Extreme azimuth errors indicative of signal reflection caused by topographic features (bounce) 

were common in our data, with an average of 26.2% of azimuths having errors ≥15° (Table 1.1). 

The site having the most rugged terrain had the highest proportion of these extreme azimuths 

(35.8%, Table 1.1). Bearing error differed among sites (Levene’s test for homogeneity of 

variances, n = 508, L = 5.462, P = 0.004), but not between seasons (n = 509, L = 1.254, P = 

0.263).  

 

Performance of the eight location estimation methods was tested using 123 sets of five azimuths. 

Overall, mean linear errors differed between the estimation methods tested (F7, 799 = 8.67, P < 

0.0001), with differences occurring between several pairs of estimation methods (Table 1.2). As 

expected, the two-azimuth method (MB-2) was clearly inferior, having the highest mean error 

rate, high variance, and a number of extreme errors (Table 1.2). The mean outside angle for MB-

2 locations was 124°. In general, including additional azimuths reduced error rates. We found no 

difference between the map board and maximum likelihood locations estimated from the same 

subsets of three azimuths (i.e. MB-3 and PC-3), suggesting that map-reading error was relatively 

minor compared to overall error rates in our location estimates. Strikingly different error rates 

were associated with the two techniques involving data screening. While the All Reasonable 
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Azimuths method (PC-ARA) had the lowest mean linear error, the smallest ellipse method (PC-

TRI) had error rates similar to estimating a location using an arbitrary set of three azimuths (i.e. 

PC-3). Further, the variability of the PC-TRI errors was greater than that of other methods 

having comparable mean error, largely because a number of extremely inaccurate location 

estimates were generated (Table 1.2). This caused the arithmetic mean of the PC-TRI errors to 

exceed that of the MB-3 method, though the converse was true of their Box-Cox transformed 

means (Figure 1.1). The two methods involving data screening (PC-ARA and PC-TRI) were the 

only ones that generated location estimates for all 123 sets of azimuths. Other methods failed to 

generate a location estimate on 6–11% of attempts (Table 1.2). The Tukey estimator (PC-TUK) 

had error rates similar to the PC-5 and PC-ARA methods, but was most likely to fail to generate 

a location estimate.  

 

Size of Lenth confidence ellipse was weakly related to location error (Table 1.3). Ellipses 

generated for the PC-TRI locations (the only method for which ellipse size was used as a 

screening criteria), were much smaller than those calculated for other estimation methods, but 

contained the true location of the transmitter only 7.3% of the time (Table 1.2). Geometric mean 

distance from telemetry stations to the transmitter was a better predictor of linear error for 

location estimates (Table 1.4). However this relationship was weaker if the GMD to the 

estimated transmitter location was used in place of the GMD to the known transmitter location 

(Table 1.4). Slopes of these regression lines indicated that, for our telemetry system, there was an 

approximately 5:1 ratio between distance to the transmitter and location error (Table 1.4).  

 

DISCUSSION 
 

It is clear that the approach a researcher takes to determine an animal’s location from a set of 

azimuths can have a large effect on the accuracy of estimate generated. In our comparison, the 

methods yielding the most accurate location estimates were straightforward, adding little time or 

complexity, and in many ways actually made data processing more efficient (personal 

observation). Considering these minor differences in operator effort, it is apparent that careful 

selection of field techniques and location estimation method can be an efficient way to reduce 
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error in radiotelemetry location data. A number of the major issues biologists should consider 

when designing a radio tracking study are reviewed below.  

 

System Precision 

Precision of our telemetry system was relatively low (Table 1.1), likely due in part to a high 

incidence of signal reflection as well as the relative imprecision of the hand-held receiving 

equipment used. While we cannot offer a definitive explanation for the observed differences in 

bearing error between sites, differences in topography may have been an important factor, as the 

site having the greatest bearing error also had the most rugged terrain (Table 1.1). However 

differences in observer skill or equipment between sites also may have been important factors. 

These factors were not replicated across sites, so were confounded and could not be tested 

statistically. We detected no effect of season (leaf-on versus leaf-off) on bearing error.  

 

While a number of steps have been suggested to increase precision (i.e. reduce bearing error) in 

fixed tower systems (White and Garrott 1990), less emphasis has been placed on this issue with 

regard to much more commonly used handheld mobile receiving equipment. For example, 

because of the added bulk and inconvenience, there is a great deal of resistance on the part of 

many radio trackers to using headphones or Yagi antennae having more then two elements 

(personal observation). This equipment can reduce bearing error (Samuel and Fuller 1996, 

Cochran and Pater 2001, Kenward 2001), and every observer we have required to use such 

equipment soon agreed that the increased ease of determining signal direction greatly 

outweighed any added inconvenience. Though not replicated across sites or observers, it is worth 

noting that the only two individuals using this equipment in our study had the lowest bearing 

errors, even compared to those working on a site having similar terrain ruggedness (Table 1.1). A 

substantial amount of bearing error also can be introduced when an observer measures azimuths. 

For example, we had each of 10 experienced radio trackers use hand-held mirror-sighted 

compasses to measure azimuths to 10 visible landmarks, and then compared their observations to 

the surveyed (true) azimuths. Overall, compass error (i.e. SD) averaged ±3.2°, and ranged from 

±1.4º to ±6.8º for individual observers (unpublished data). As subjects were aware they were 

being tested, these figures may underestimate true error rates, but even so errors of up to 14º 

were recorded. In at least one instance an observer read a bearing incorrectly from the compass 
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rosette, adding 10° to the measured azimuth, while another observer regularly failed to align the 

compass with their line of sight leading to a mean error (bias) of +2.8º. We feel that both training 

of proper technique and the use of compasses that facilitate accurate measurement (e.g., optical 

or electronic compasses) would reduce bearing error in most telemetry studies. Finally, azimuth 

error (bias) can result when researchers fail to properly orient azimuths to the axes of the 

coordinate system being used. Most observers measure azimuths relative to true north (personal 

observation), which is appropriate when locations are being recorded in Latitude-Longitude 

coordinates. However, when using a Cartesian coordinate system (e.g., UTM), azimuths should 

be oriented relative to the Y-axis of the grid (grid north). Depending on one’s location relative to 

the central meridian of a UTM zone, failing to do so can introduce bias of up to 1.5° in the 

contiguous United States, and >3° at northern latitudes (e.g., Alaska).  

 

Number of Azimuths Collected 

An obvious pattern in our analyses is that location estimates become more accurate as one 

increases the number of azimuths collected (Table 1.2, Figure 1.1; see also White and Garrott 

1990). Locations estimated using only two azimuths were, on average, farthest from the true 

location and were prone to being extremely erroneous. Any of the estimation methods 

incorporating three azimuths yielded a substantial improvement over the two-azimuth location 

estimates, while those considering four or five azimuths were better still. The relationship 

between number of azimuths collected and error holds true even if all azimuths are not ultimately 

considered in the location estimate, as the likelihood that poor azimuths will be identified 

increases with the number of azimuths collected (e.g., PC-ARA method). As Garrott et al. (1986) 

clearly demonstrated, when signal reflection is common, collection of the minimum necessary 

number of azimuths makes location estimation inaccurate or impossible most of the time. 

Location estimates can even be improved by including replicate azimuths collected at the same 

location (Nams 1990, Samuel and Fuller 1996). However such azimuths are not independent, and 

a tracker’s return on their effort would usually be greater if they moved to a new location.  

 

There exists a common misconception that locations are supposed to be “triangulations” of 

exactly three azimuths (personal observation). Undoubtedly this is a carryover from map-based 

location estimation methods, where the “error triangle” is the primary screening criteria. The 
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term “triangulation” may also imply a 3-azimuth standard to some observers. The maximum 

likelihood-based estimation methods developed by Lenth (1981) have no upper limit on the 

number of azimuths they can consider, and, like most statistical methods, perform better with 

more data. The maximum of five azimuths tested here does not imply that we feel that there is no 

point in collecting more. If, for example, the Andrews or Tukey estimators are being used, a 

minimum of five azimuths is necessary to allow proper weighting against one another (Nams 

1990). This pattern also holds true for human data screening, as it is difficult to identify suspect 

observations from sets of <5 azimuths. Under good tracking conditions there will be a decreasing 

return in error reduction for each additional azimuth collected. However, when accuracy is 

paramount or an observer is having difficulty locating an animal, additional azimuths are 

valuable. This is an important consideration as there is a risk that areas where telemetry is 

difficult will be underrepresented in animal location data sets, potentially biasing research 

findings (Nams 1989, Rettie and McLoughlin 1999). In the course of our grouse tracking we 

collect as many as 10 azimuths when having difficulty locating a bird.  

 

If only one observer is locating a mobile species, error will be increased if the animal moves 

during azimuth collection (Schmutz and White 1990), leading to a possible trade-off against 

collecting additional azimuths. To avoid this a number of steps can be taken, including 

employing multiple observers, setting a conservative maximum time window for azimuth 

collection, reducing distance to the animal and thereby reducing travel time between stations, 

restricting tracking to periods when the species is typically inactive, and not collecting locations 

when the animal is active (as indicated by varying signal strength) (Withey et al. 2001). 

Equipment that increases observer efficiency, such as headphones, digital compasses, or multi-

element yagi antennae, can help by reducing the time required to collect each azimuth (e.g., 

Cochran and Pater 2001). 

 

Computers versus Map Boards 

We were somewhat surprised at the similarity in accuracy of the MB-3 and PC-3 location 

estimation methods. Because these estimation methods used the same subsets of three azimuths, 

this suggests that errors resulting from plotting stations and azimuths and then reading UTM 

coordinates using 1:24,000 scale maps were minor relative to overall error rate in our data. There 
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are, however, a number of reasons why employing computers when estimating locations is still 

preferable over map-based analyses. Most importantly, computers allow use of maximum 

likelihood techniques, allowing the rigorous determination of location estimates from sets of >3 

azimuths. Further, the maximum likelihood approach allows direct comparisons between 

locations estimated using different numbers of azimuths. This is not possible with map-derived 

location estimates because error polygons and error triangles are not comparable, and no rigorous 

confidence estimator exists for locations using >2 azimuths (Nams and Boutin 1991). Finally, 

field trackers whom we have required to process telemetry data using a computer have soon 

come to view it as a preferable approach (personal observation). They generally report that 

computers are more efficient and are good self-training tools. We agree with White and Garrott’s 

(1990) suggestion that using telemetry software on field computers would be preferable and 

would eliminate the need for post-hoc location estimation. Interfacing a field computer with a 

GPS would allow the operator to act as a roving unit, a beneficial capability for studies of highly 

mobile animals. 

 

Azimuth Weighting and Censoring 

Our test of two methods involving some degree of human data censorship made clear both the 

risks and potential benefits of allowing observers to decide which azimuths are considered 

acceptable. The PC-TRI method (smallest ellipse or triangle) is, in our experience, commonly 

employed by field biologists. However our results indicated that, on average, this technique was 

worse than selecting an arbitrary subset of three azimuths (i.e. PC-3), having a comparable mean 

error rate and much higher variance due to a number of extremely erroneous observations (Table 

1.2). This confirms our suspicion that observers, who do not know the true location of the 

transmitter, are unjustified in dropping one reasonable azimuth in favor of another. Intersection 

of all five azimuths produces 10 error triangles, one or a few of which are usually relatively 

small. In the absence of other information an observer is not justified in deciding that the 

smallest of these triangles represents the most accurate location estimate. Rather, the most 

reliable estimate usually would be obtained by considering all intersections simultaneously.  

 

In contrast, the All Reasonable Azimuths decision rule (PC-ARA) yielded significantly more 

accurate location estimates than the smallest triangle approach (PC-TRI). We feel that, given a 
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set of ≥5 azimuths, experienced observers can be relatively successful in identifying highly 

erroneous azimuths (see also Zimmerman and Powell 1995). However maximum likelihood 

methods that use a mathematical algorithm to formalize the weighting of outlying azimuths (e.g., 

Andrews or Tukey; Lenth 1981) remove the opportunity for observer bias and inconsistency 

inherent in human data censorship methods.  

 

A risk of human data censorship is overconfidence in the quality of location estimates generated. 

This is clearly evident upon examination of the confidence ellipses generated for the PC-TRI 

location estimates. These were, on average, <5% as large as ellipses calculated using an arbitrary 

set of three azimuths (PC-3), and <10% as large as those generated using all five azimuths (PC-

5; Table 1.2). If mean ellipse size is used to evaluate location estimates the PC-TRI method 

seems better by more than an order of magnitude. However the PC-TRI ellipses only 

encompassed the true location of the transmitter 7.3% of the time, where the PC-3 and PC-5 

ellipses contained the true location for 50.9% and 58.6% of locations, respectively. Further, the 

mean linear error for the PC-TRI locations was actually 25% greater than that of the PC-5 

location estimates. Ellipses for the PC-ARA method contained the true location 39% of the time, 

suggesting that, even for this more conservative screening criterion, ellipse size decreased at a 

greater rate than linear error. Clearly human azimuth censorship carries a risk of overestimating 

data quality, and in this respect the azimuth-weighting estimation method we tested (PC-TUK) 

outperformed both human censoring methods. While the accuracy of the Tukey-derived location 

estimates was comparable to the PC-ARA approach, this method generated error ellipses that 

contained the true transmitter location 56.4% of the time.  

 

When azimuth precision is low, mathematical azimuth-weighting approaches often fail to 

generate location estimates (e.g., PC-TUK, Table 1.2; see also Garrott et al. 1986). While this 

may be the appropriate outcome in many circumstances, if a sufficient number of azimuths have 

been collected, reasonable location estimates often can be generated through human data 

screening. For example the PC-TUK method failed to generate location estimates for 13 sets of 

azimuths (10.6%), while mean error for the PC-ARA location estimates generated from these 

same 13 data sets was less than the overall mean PC-ARA error rate (53.7 m vs. 66.1 m, 
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respectively). Thus, the PC-ARA approach might prove useful when individual location 

estimates are important. 

 

Quality Control Metrics 

A perennial problem with radiotelemetry data has been the lack of a reliable metric of quality for 

individual location estimates (Saltz and White 1990, Nams and Boutin 1991, Saltz 1994, 

Zimmerman and Powell 1995, Withey et al. 2001). The linear error measure used here is suitable 

for testing overall error rates in telemetry systems, but, since the true transmitter location is 

unknown, cannot be determined for animal location estimates. Consequently, what is needed is a 

metric that is correlated with linear error, but which can be estimated without knowing the true 

transmitter location (Withey et al. 2001).  

 

Our regression of linear error against confidence ellipse size indicated that Lenth ellipses were 

relatively weak predictors of linear error (Table 1.3). Similar findings have been reported in 

previous studies (Garrott et al. 1986, Saltz and White 1990, Zimmerman and Powell 1995, 

Withey et al. 2001), though the relationships described in most of these studies were stronger 

than those reported here. This difference may have resulted from differing levels of precision in 

the telemetry systems tested, or details in the methods used to calculate ellipse size (e.g., 

specifying a fixed bearing error rate when calculating ellipse size). Interestingly the PC-ARA 

ellipses, which were less likely to contain the true transmitter location, were relatively well 

correlated with location error (cf. Tables 1.2 and 1.3). 

 

Compared to confidence ellipse area, the Geometric Mean Distance (GMD) between receiving 

stations and the transmitter was a much better predictor of error (Table 1.4; see also Withey et al. 

2001). However, this relationship was weaker when GMD to the estimated location was used, as 

would be necessary when the true transmitter location is unknown (Table 1.4).  A deterministic 

reduction in error with proximity to the transmitter is a logical expectation, and has been reported 

in other studies (Heezen and Tester 1967, Springer 1979, Zimmerman and Powell 1995). 

Consequently, distance between the estimated transmitter location and the receiving stations may 

be a useful data-screening criterion (Withey et al. 2001). For example, considering our PC-TUK 

location estimates, had we eliminated observations having a GMD to location estimates >500 m 
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we would have retained 81% of our location estimates, our arithmetic mean linear error would 

have dropped from 84.4 m to 69.7 m, and mean error circle size would have decreased by almost 

one third (1.53 vs. 2.24 ha). However arbitrarily eliminating distant location estimates can 

introduce sampling bias, so alternative solutions should be sought. These include taking azimuths 

from positions as close to the study animal as is reasonable (Springer 1979), establishing an 

extensive network of receiving stations throughout the study area, and collecting additional 

azimuths for distant animals. 

 

Application to ACGRP Radiotracking Data 

A primary goal of this investigation was to develop efficient methods for estimating and 

screening locations from ACGRP radiotracking database (>150,000 location estimates). Though 

ACGRP researchers often specified a subset of best azimuths (typically 3 azimuths), and 

estimated locations using map boards, it is apparent that the most efficient method of accurately 

estimating locations is to retain all azimuths and use maximum likelihood techniques. We 

evaluated several decision rules and decided that censoring locations having GMDs to stations 

>800m or an error ellipse >10ha was most appropriate for our needs. We used this approach to 

estimate and screen locations in our test data set and, for reference, compared the resulting 

location errors to those for the uncensored set of locations estimated using the PC-TRI technique. 

This approach resulted in the retention of 80% of locations, and yielded a reduction in mean 

linear error from 106.0m to 76.0m, equivalent to a reduction in mean error circle size from 3.5ha 

to 1.8ha (Figure 1.2). 

 

CONCLUSIONS 

 

The large effects of the modifications we made to our location estimation methods highlight the 

need for rigorous consideration of the basic methods commonly used in wildlife radiotracking. 

Careful selection of field methods and equipment becomes particularly important in areas where 

telemetry is difficult, such as mountainous terrain (Garrott et al. 1986), or when animals cannot 

be approached closely. Visual analysis of the results from each of our study sites suggested that 

reductions in error resulting from the more sophisticated location estimation methods were 

greatest at the VA2 site. This site had the most rugged terrain, greatest bearing error, and a 



Darroch M. Whitaker Chapter 1: Radiotelemetry Accuracy 17 

considerably larger proportion of extreme azimuths (Table 1.1). Researchers working in difficult 

areas such as this would likely benefit most from more rigorous techniques.  

 

An issue that came up repeatedly during this study and our review of published research on 

telemetry error was the distinction between precision and accuracy. For example, a high level of 

precision (i.e. low mean bearing error) can be achieved by establishing fixed towers at favorable 

topographic locations and equipping them with elaborate peak-null antenna arrays (e.g., Lee et 

al. 1985, Garrott et al. 1986). However, due to the limited number of azimuths that can be 

collected (≤ the number of towers), immobility of observers, and the typically large distance 

between towers and the transmitter, location accuracy could be much less than one would expect 

when considering bearing error alone. In such situations precision is high, but accuracy still may 

be low. In contrast, mean bearing error will be much greater if azimuths are collected by an 

observer(s) who travels from point-to-point with a relatively crude handheld receiving system 

(i.e. precision is low). But because error in mobile systems can be reduced by proximity to the 

transmitter, by taking bearings from favorable locations relative to the animal’s current position, 

and by increasing the number of azimuths collected, in many situations this approach can be 

more accurate than a fixed tower system. Consequently, we disagree with White and Garrott’s 

(1990) suggestion that, when location accuracy is a primary concern, a precise fixed tower 

system is generally preferable to a mobile tracking system. While fixed tower systems may be 

preferable for studies of relatively sedentary animals inhabiting areas unsuited for travel by 

observers, this approach is poorly suited for studies in areas having complex topography or of 

wide-ranging or highly dispersed species. The advent of accurate, affordable GPS technology is 

of enormous benefit to mobile tracking systems, and has nullified many of the concerns outlined 

by White and Garrott (1990). Ultimately decisions on telemetry protocol and type of tracking 

system must be made in the context of the species and study area under investigation, and 

considering the degree of location accuracy required to address the questions being asked 

(Withey et al. 2001). 
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Table 1.1. Terrain ruggedness, estimated proportion of extreme errors (an index of the incidence 

of signal reflection), and bearing bias and error at each of three study areas in the Appalachian 

Mountains.  

 
  Extreme errorsb  Bias° ± bearing error°c 

Study  area LSRIa % n  Overall n Observer 1d n Observer 2d n 
           
VA1e 47.5 19.6 225  −1.86 ± 6.58 181 −1.65 ± 6.66 125 −2.33 ± 6.42 56 

VA2f 54.4 35.8 190  1.42 ± 8.20 122 0.39 ± 7.53 25 1.68 ± 8.38 97 

VA3f 45.5 25.1 275  −1.91 ± 7.29 206 −0.73 ± 6.98 109 −3.24 ± 7.44 97 

Combined - 26.2 690  −1.10 ± 7.40 509 - - - - 
           
  a Land Surface Ruggedness Index (Beasom et al. 1983). 
  b Percent of azimuths having error ≥15°. 
  c Calculated after deleting azimuths having errors ≥15°. Bias = mean azimuth error; bearing 
error = SD of mean azimuth error. 
  d Different observers were tested at each site. 
  e Observers used a three element Yagi antenna and headphones. 
  f Observers used a two element Yagi antenna, and did not use headphones. 
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Table 1.2. Effect of location estimation method on linear error (accuracy) and ellipse size of 

transmitter location estimates. Estimates are based on 123 sets of five azimuths. Box-Cox means 

followed by the same letter were not significantly different (pairwise Tukey test, α = 0.10). 

 
Estimation 
methoda 

Box-Cox mean 
error ± SE (m)b 

Arithmetic mean 
error ± SE (m) 

Mean ellipse 
area (ha) 

% Ellipse 
successc 

Could not 
estimate (n) 

∑ 5 largest 
errors (m) 

       
MB-2 94.3 ± 1.8A 127.2 ± 14.0 - - 10 3509 

MB-3d 84.7 ± 1.2AB 100.6 ± 7.0 - - 10 1707 

PC-TRI 82.3 ± 1.4ABC 106.4 ± 9.1 0.38 7.3 0 2438 

PC-3d 81.8 ± 1.2ABC 97.5 ± 6.2 9.22 50.9 7 1526 

PC-4 73.4 ± 1.2BCD 89.4 ± 6.1 6.04 60.0 8 1431 

PC-5 70.0 ± 1.1CD 84.9 ± 5.8 4.10 58.6 7 1386 

PC-TUK 69.18 ± 1.1D 84.4 ± 6.09 3.45 56.4 13 1408 

PC-ARAe 66.6 ± 1.1D 82.4 ± 5.7 2.26 39.0 0 1429 
       
  a Refer to the methods section for a description of each estimation method.  
  b λ = 0.225. 
  c Percentage of ML error ellipses encompassing the true transmitter location. 
  d Estimates for MB-3 and PC-3 were obtained using the same sets of three azimuths. 
  e Mean number azimuths used = 4.3; 46% of locations used all five azimuth. 
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Table 1.3. Relationship between location error (Y) and Lenth ellipse area (x). Ellipse area was 

square root-transformed to meet the assumption of homoscedasticity implicit in regression 

analyses. 

 
Estimation method Regression equation n R2

adj F P 
      
PC-5 Y = 51.17 + 0.1974(√x) 116 0.11 15.25 <0.001 

PC-TUK Y = 48.04 + 0.2371(√x) 110 0.15 19.82 <0.001 

PC-ARA Y = 47.22 + 0.2966(√x) 123 0.19 29.06 <0.001 
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Table 1.4. Relationship between location error (Y) and the Geometric Mean Distance (GMD) 

from receiving stations to the transmitter (x). For each location estimation method the regression 

was conducted first using the GMD to the known transmitter location as the predictor (xknown), 

and then using the GMD to the location estimate as the predictor (xest). 

 
Estimation method Regression equation n R2

adj F P 
      
PC-5 Y = 9.60 + 0.1890(xknown) 116 0.41 82.05 <0.001 

 Y = 19.50 + 0.1670(xest) 116 0.29 49.12 <0.001 
      
PC-TUK Y = 7.53 + 0.1927(xknown) 110 0.41 75.68 <0.001 

 Y = 19.48 + 0.1644(xest) 110 0.27 43.25 <0.001 
      
PC-ARA Y = 4.51 + 0.1989(xknown) 123 0.44 97.92 <0.001 

 Y = 15.68 + 0.1731(xest) 123 0.31 54.55 <0.001 
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Figure 1.1. Mean error circle area for the eight location estimation methods tested. Error circle 

area was calculated using the formula (π×[r]2), where r was the mean linear error for a given 

location estimation method. Filled bars were calculated using the arithmetic mean error, while 

hatched bars were calculated using Box-Cox transformed mean errors (Table 1.2).  
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Figure 1.2. Distribution of linear errors for 123 locations estimated using two techniques. First, 

locations were estimated using the subset of three azimuths yielding the smallest error ellipse 

(PC-TRI). Second, locations were estimated using all five azimuths (PC-5), and censored if the 

Geometric Mean Distance (GMD) to receiving stations was >800m or the error ellipses exceeded 

10ha (n = 25). Mean linear error for the PC-TRI locations was 106.4m, while mean linear error 

for the screened PC-5 locations was 76.0m. 



CHAPTER 2: NIGHT ROOST SELECTION DURING WINTER BY RUFFED GROUSE IN THE CENTRAL 

APPALACHIANS  

 

ABSTRACT – In northern regions, ruffed grouse (Bonasa umbellus) conserve considerable energy 

during winter by burrowing under snow cover to roost. When conditions are unsuitable for snow 

burrowing, grouse almost invariably roost in conifers. We studied selection of winter night roosts 

by ruffed grouse in western Virginia, a region where snow accumulations are rare and transient. 

Grouse almost always used ground roosts when snow was present, even though snow was never 

deep enough for snow burrowing. When snow was absent, grouse did not show any clear 

preference in roost microsite type, and were found roosting in and under deciduous and 

evergreen trees and shrubs, in brush piles, and in leaf litter. We hypothesize that this 

ambivalence to conifers was due in part to persistent accumulations of fallen oak leaves, which 

likely afford grouse good thermal cover and concealment. Grouse were frequently found at low 

elevations during daytime, but rarely roosted in bottoms, suggesting daily elevational 

movements, possibly to avoid cold air settling at low elevations during night.  

 

INTRODUCTION 

 

Roost site selection is a fundamental aspect of the behavior of free-living birds, having important 

consequences for energy budgets and predator avoidance (Walsberg 1983, Bergerud and Gratson 

1988). This is particularly true for ruffed grouse (Bonasa umbellus) wintering in temperate and 

boreal forests, where weather can be severe, predator pressure can be high, and individuals spend 

19–23 hours roosting each day (Gullion and Svoboda 1972, Ott 1990). Through most of the 

species’ range, wintering ruffed grouse typically burrow under snow cover to roost. Snow 

burrowing reduces radiative heat loss, provides shelter from wind, and traps air heated by 

thermal radiation next to the bird. This affords a thermoneutral environment, which can reduce 

metabolic heat production by 30% or more when compared to open roost sites; dry powder snow 

likely represents optimal thermal cover for the species during winter (Thompson and Fritzell 

1988a). Further, because the exact location of grouse beneath the snow surface is not evident, 

captures of snow-burrowing grouse by predators are rare (Bergerud and Gratson 1988, 

Marjakangas 1990). Predator avoidance may also be enhanced through decreased foraging and 
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travel time, as snow burrows confer energetic savings and are typically available in close 

proximity to food sources (Doerr et al. 1974, Ott 1990). 

 

In contrast to more northerly regions, conditions suitable for snow burrowing by grouse are rare 

and transient in the central and southern Appalachian Mountains. Consequently, ruffed grouse in 

the Appalachians typically must use alternate roost sites that afford reduced energetic benefits 

(Thompson and Fritzell 1988a, Ott 1990). Several studies have demonstrated that, under such 

circumstances, ruffed grouse and other tetraonids almost invariably roost in the thickest conifer 

cover available (Bump et al. 1947, Woehr 1974, Pietz and Tester 1982, Thompson and Fritzell 

1988a, Ott 1990, Pekins et al. 1991, Swenson and Olson 1991). However, in the central 

Appalachians conifers are often rare and dispersed and most are pines (Pinus spp.) that have 

relatively sparse foliage, so conifers may be of less value as roosting cover. Also, during many 

winters Appalachian grouse endure a prolonged period of nutritional stress and energy deficit 

(Thomas et al. 1975, Norman and Kirkpatrick 1984, Hewitt and Kirkpatrick 1997). This deficit is 

closely tied to poor hard mast crops during fall, and can lead to overwinter reductions in total 

carcass fat of approximately 60% in male and 75% in female grouse (Norman and Kirkpatrick 

1984). Although this deficit does not lead directly to grouse mortality due to exposure or 

starvation, it may have important population consequences by reducing reproductive success 

during the following spring (Norman and Kirkpatrick 1984, Servello and Kirkpatrick 1987; P.K. 

Devers, Virginia Tech, unpublished data). Consequently, strategies Appalachian grouse employ 

to reduce energy expenditure in the absence of preferred roosting cover are of interest to wildlife 

managers. 

 

Given the energetic stress Appalachian ruffed grouse often endure, and the apparent rarity of 

preferred roosting cover, our objective was to describe night-roosting behavior of ruffed grouse 

in the central Appalachians during winter. Specifically, we wanted to describe the general types 

of roost microsite selected, habitat structure around roosts, the topographic placement of roosts, 

and the influence of environmental conditions on roost site selection.  
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METHODS 

 

Data were collected from January 1998 through March 2002 at three study sites located in 

western Virginia (2,000–10,000 ha/site). The northeastern (VA1; Augusta Co.) and southwestern 

(VA3; Smyth Co.) study sites were separated by ≈270 km, while the third study site (VA2; 

Botetourt Co.) was located between these two, ≈80 km from VA1. Topography on all three sites 

is complex, with abundant mountains, ridges, and hollows and relief exceeding 500m. Oak-

hickory (Quercus spp., Carya spp., respectively) and mixed mesophytic forests were the 

dominant cover on all study sites (Braun 1950). A number of evergreen species were dispersed 

throughout or locally common on these sites. These include white (Pinus strobus), pitch (P. 

rigida), Virginia (P. virginiana) and Table Mountain pine (P. pungens), eastern hemlock (Tsuga 

canadensis), and eastern red cedar (Juniperus virginiana). Mountain laurel (Kalmia latifolia), 

great rhododendron (Rhododendron maximum), and Catawba rhododendron (R. catawbiense) 

were common in the forest understory.  

 

We trapped grouse from September through mid November each year on each site. Sex and age 

(juvenile or adult) of captured birds were determined from feather criteria (Kalla and Dimmick 

1995). Grouse were then equipped with necklace-style radio transmitters (10 g, 148.000–152.000 

MHz; Advanced Telemetry Systems, Isanti, MN) and released at the capture site.  

 

Like Thompson and Fritzell (1988a), we located most roosts by flushing radioed grouse at dawn 

during winter (0630–0700h; January 7–March 23). Additional roost sites were located 

opportunistically, primarily during nightlighting recapture attempts (Huempfner et al. 1975). We 

tried to avoid flushing an individual grouse on more than one occasion. Once a roost site was 

located we recorded the number of grouse present and categorized the roost as one of the 

following microsite types: conifer tree, conifer ground (i.e. on the ground under a conifer), 

evergreen shrub, deciduous tree, deciduous ground, deciduous shrub, open ground, snow burrow, 

or “other” (with a written description). A ground roost was determined to be associated with the 

nearest tree or shrub whose foliage dripline encompassed it. Air temperature at dusk (1700h) was 

obtained from data loggers recording hourly temperature readings at a central location on each 
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study site (Hobo XT, Onset Computer Corp., Pocasset, MA). We used temperature at dusk as 

this reflected conditions during the period when roost sites were being selected. However, note 

that overnight low temperatures usually were considerably colder and occurred near dawn (e.g., 

Figure 2.1). Overnight precipitation (none, rain, or snow), snow depth, and snow cover (none, 

continuous, or patchy) also were recorded. Species, height, Diameter at Breast Height (DBH), 

and dominance class (dominant, subdominant, or understory) were recorded for each roost tree. 

When we observed a grouse in a tree roost we recorded the roost height. However tree roosting 

grouse were often difficult to locate before they flushed, in which case we simply recorded the 

bird as roosting “above ground.” Finally, slope aspect (North, South, East, or West) and slope 

position were recorded, with slope position classes being defined as the upper, middle, or lower 

one-third of the slope (ridge, midslope, or toe/bottom, respectively).  

 

A pair of 400m2 (11.3m radius) habitat plots was sampled for each roost site (Noon 1981). The 

first plot was centered on the roost, while the second was placed 60m away in a random 

direction, but within the same forest stand. At each plot we recorded tree basal area (measured 

using an optical prism) and counts of all trees within the plot classified by species and size class 

(8–20, 20–40, 40–60, and >60cm DBH). We established strip transects along the east-west and 

north-south axes of each plot (22.6m each). To estimate small stem density, we counted all stems 

<8cm DBH and >1.3m tall within 1m of each transect. Care was taken to not double count stems 

in the area where transects overlapped at the plot center (area sampled = 86.4m2). We recorded 

the presence or absence of deciduous and coniferous tree canopy cover at 10 evenly spaced 

points along each transect. This yielded 20 observations/plot, which we multiplied by five to 

obtain estimates of percent overhead cover. Finally, we recorded the number of stems at ground 

level within 3m of the roost site (alive or dead, all diameters). 

 

Typically each radio-equipped grouse on a study site was located twice weekly. Sets of 3–8 

azimuths were collected in <20 minutes by a roving technician using a using a handheld Yagi 

antenna from a network of fixed telemetry stations (White and Garrott 1990). Grouse locations 

were then estimated for each set of azimuths using Lenth’s maximum likelihood estimator and 

specifying a bearing error of 7° for confidence ellipse calculations (Lenth 1981; Chapter 1). 

These radiotelemetry locations were used to estimate the daytime distribution of grouse relative 
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to slope position. For each study site we created a combined dataset comprising locations from 

the 25 grouse having the most extensive tracking histories (81–303 locations/grouse, mean = 145 

locations; 16 juvenile females, 19 adult females, 21 juvenile males, 19 adult males). From this 

set we retained locations collected between 0900–1600h from January 1–March 20 each year, 

having maximum likelihood error ellipses <1.5ha, and a Geometric Mean Distance (GMD) 

between receiving stations and the location estimate not exceeding 500m (n = 882). Previously 

we conducted error assessments at all three study sites using beacon transmitters having known 

locations (White and Garrott 1990), which indicated that mean linear error should be ≈45m for 

locations taken from 500m and having error ellipses of 1.5ha (Chapter 1). However, as this error 

estimate is for the least reliable locations used here, overall mean location error would be 

considerably less than 45m. From this dataset we randomly selected 150 locations per site and 

overlaid them on United States Geological Survey Digital Elevation Models (DEMs) of the study 

areas. Slope position for each daytime location was assessed using the same classification 

scheme used for roost sites in the field.  

 

To describe the effect of slope position on nighttime air temperature, we placed temperature 

loggers 30cm above ground level on the ridge, middle, and toe of various slopes on the Augusta 

Co. study site during winter 2002 (Hobo Temp, Onset Computer Corp., Pocasset, MA). 

Loggers were left in place for 3–4 nights and then moved to a new slope. We sampled 10 slopes, 

with slope relief ranging from ≈ 25–60m. The position of individual data loggers was 

randomized on each slope. Following data collection all three loggers were placed in the same 

location for 24h to verify that they were recording temperature comparably.  

 

We used DEMs to make a digital slope aspect map for each study site, and from this calculated 

the expected number of roosts by slope aspect class. For each site we created a Minimum 

Convex Polygon (MCP; White and Garrott 1990) containing all grouse radiotracking locations, 

and then multiplied the proportion of the MCP having a particular slope aspect by the number of 

roosts observed on that site. We summed values for each aspect class across the three study sites 

to obtain an estimate of the expected number of roosts by slope aspect class.   

 

 



Darroch M. Whitaker Chapter 2: Roost Site Selection 31 

Statistical analyses of categorical data were performed using Chi-squared tests (Sokal and Rohlf 

1995). Paired t-tests were used to compare habitat measurements between roost site and random 

habitat plots (Sokal and Rohlf 1995). A significance level of α = 0.05 was used for all statistical 

tests. Analyses were carried out using Minitab statistical software (Version 11.21, Minitab Inc., 

State College, PA). 

 

RESULTS 

 

From 1998–2002 we located 90 roost sites used by 72 radio-equipped and 12 unmarked grouse 

on the three study sites (46 At VA1, 26 at VA2, and 18 at VA3). A broad range of roost 

microsites was used, with no one type dominating the sample (Table 2.1). The most commonly 

used microsite was evergreen shrubs, but this only accounted for about one-third of all roosts. 

Roosts were almost evenly divided between evergreen and non-evergreen microsites (Table 2.1). 

Evergreen shrub roosts were evenly divided between rhododendron (n = 16) and mountain laurel 

(n = 15), while white pine was used for 14 of 18 conifer tree roosts. Deciduous roosts (n = 34) 

were associated with nine tree and three shrub species, with no one species being used for more 

than four roosts. Seven roosts were situated away from any overhead woody vegetation. Grouse 

typically deposit a large number of fecal pellets during the night, and, while it was evident that 

individual roost sites were not reused, we often found evidence of old roosts in the same 

vegetation patch. 

 

Habitat was sampled at 44 pairs of roost site and control plots. Proportions of roosts for which 

habitat was sampled were similar to the overall distribution of roosts across study sites (VA1 = 

26, VA2 = 11, VA3 = 7) and between ground and above ground roosts (ground = 27, above 

ground = 17). Most habitat variables did not differ between roosts and controls (Table 2.2). 

There was a trend towards higher numbers of conifers on roost plots than control plots; however, 

this was not statistically significant. Density of small stems and number of stems within 3m were 

greater around roost sites than on control plots (Table 2.2). However only eight of the roosts 

sampled were located in sapling stands (trees <12.5cm DBH), whereas 29 were in pole stands 

(12.5–28cm DBH), and 7 were in sawtimber stands (>28cm DBH). 
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Forty five percent of all roosts were classified as above ground level (Table 2.1). Of these above 

ground roosts, 16 were in understory shrubs or trees, nine in subdominant (midstory) trees, and 

six in dominant (canopy) trees. Roost trees ranged in DBH from 2.5–39.0cm. Of 81 observations 

where roost height could be determined accurately, 49 were on the ground, 26 were <5m above 

ground, four were 5–10m above ground, and two were >10m above ground. The highest roosting 

grouse we located was in the forest canopy 17m above ground. Because of the ubiquity and 

persistence of oak leaf litter on the floor of oak forest types in the region, virtually all ground 

roosts were associated with this substrate. Ground roosting grouse generally formed a nest-like 

depression in this leaf litter and, as evidenced by accumulations of droppings, rarely relocated 

during the night. 

 

Local topography influenced roost site selection by grouse. Daytime radiotelemetry locations of 

grouse were fairly evenly distributed across slope position categories. In contrast, on all three 

study sites night-roosting grouse were more commonly found on ridges and midslopes than in 

bottoms, with significant differences in the distribution of diurnal and nocturnal observations 

being detected on two sites (Table 2.3). Nighttime air temperature also was affected by slope 

position, with thermal inversions developing as cold air pooled at lower elevations on 15 of 36 

nights sampled (Figure 2.1). The observed distribution of roosts across slope aspects did not 

differ from proportional availability (χ2
3 = 1.24, P = 0.745; Figure 2.2).  

 

Weather-related variables influenced roost site selection by grouse. Although snow depths were 

never sufficient to allow snow burrowing (≈20cm; Thompson and Fritzell 1988a), ground 

roosting increased when any snow cover was present (Table 2.4). Precipitation during the night 

also influenced the incidence of ground roosting, with the smallest proportion of ground roosts 

observed during nights having rainfall, and the greatest proportion observed during nights having 

snowfall (Table 2.5). Grouse shifted from predominantly using above ground roosts at 

temperatures above freezing to using ground level roosts when temperatures fell below 0° C (χ2
1 

= 7.35, P = 0.007; Figure 2.3). However this relationship may have resulted from the association 

of snow cover with cold weather, and no difference was detected when observations were 

restricted to nights having no snow cover (χ2
1 =1.40, P = 0.237). Air temperature did not 

influence the proportion of grouse roosting in evergreen vegetation (Figure 2.4).   
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At five roosts a second grouse was flushed within a few meters of the radioed bird, while at four 

roosts we observed three grouse in close proximity to one another (nroosts = 90). Thus, 21% of the 

103 grouse we observed in roosts were associated with conspecifics. Grouse populations on our 

study sites have slightly male-biased sex ratios (Reynolds et al., 2000), but of seven radioed (i.e. 

known-sex) grouse in these groups, six were females (small sample size precludes statistical 

testing).  

 

DISCUSSION 

 

Our observations indicated that roosting behavior of ruffed grouse in western Virginia differed 

from that observed elsewhere. Roost site selection is predictable in other regions, with grouse 

almost invariably selecting snow burrows when snow cover is suitable, and dense conifers 

otherwise (Bump et al. 1947, Woehr 1974, Pietz and Tester 1982, Thompson and Fritzell 1988a, 

Ott 1990, Pekins et al. 1991, Swenson and Olson 1991). Although grouse in western Virginia did 

exhibit the expected affinity for ground roosting in snow, conditions were never suitable for 

proper snow burrowing during our study. In contrast to findings from other regions, in the 

absence of snow we observed grouse using an array of alternate roost microsites, with no one 

type being clearly preferred. Particularly unexpected was that roosts were approximately equally 

divided between evergreen and deciduous or open roost microsites, and were often situated in 

areas having little or no conifer cover (Tables 2.1 and 2.2). Indeed on several occasions grouse 

were found roosting on the forest floor away from any overhead vegetative cover. However this 

is not to say that no selection was occurring, as a number of patterns were observed. 

 

Roost Microsite Selection  

There are several potential explanations for the intermediate use of evergreen roosts we 

observed. An obvious reason would be that evergreen vegetation was rare and thus often 

unavailable as a roosting substrate. However this is seldom the case in western Virginia, where 

evergreen trees or shrubs are present or common through most forest stands (Table 2.2; Fearer 

1999). Another possibility is that weather conditions typically were mild enough that grouse did 

not incur a large thermodynamic cost by roosting in more open microsites. However the lower 
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critical temperature of ruffed grouse is approximately 1.5°C (Thompson and Fritzell 1988b), and 

we found no evidence that grouse preferred evergreen roosts at lower temperatures (Figure 2.4). 

Other possible explanations which we find more plausible include that the evergreen species 

common on our study sites afford inferior roosting conditions, that non-evergreen microsites in 

the region offer relatively high quality roosting habitat, and that non-thermodynamic factors 

(e.g., predator avoidance) are playing an important role in roost site selection. These 

explanations are not mutually exclusive. 

 

The sparse evergreen foliage of pines, mountain laurel, and rhododendron may afford thermal 

benefits intermediate between deciduous trees and the thicker conifers used by grouse in other 

regions (i.e. spruces [Picea spp.], firs [Abies spp.] and cedars [Juniperus spp. and Thuja spp.]; 

see Thompson and Fritzell 1988a, Ott 1990). Ott (1990) reported that ruffed grouse thermostatic 

energy demands were similar when roosting in hemlock and Norway spruce. However, hemlock 

may have received little use on our sites because of its association with low-lying areas in the 

region (see “Topographic Effects” below).  

 

Ground roosts in oak forests may be superior to ground roosts in other forest types. After leaf 

drop, oak leaves are much more resistant to decay and saturation than those of other deciduous 

tree species, particularly aspen (Populus spp.) and birch (Betula spp.) typical of more northern 

forests in the core of the ruffed grouse’s range. Consequently, oak leaves remain relatively dry 

and unmatted (lofted) on the forest floor through the year, often accumulating to depths 

exceeding 30cm. We typically found that ground-roosting grouse had created a nest-like 

depression in oak leaf litter; in one case a grouse had completely buried itself in oak leaves. Such 

“leaf-roosting” or “leaf-burrowing” would presumably afford thermal benefits by reducing heat 

loss through convection and radiation. Other observations also suggest that fallen leaves afford 

favorable roost microsites. Ground roosting was frequent on nights when temperatures fell below 

freezing and least common on nights having rainfall, when leaves were wet (Table 2.5, Figure 

2.3). Because snow cover was always shallow, ground roosts in snow typically extended down 

into the leaf litter. Snow cover is associated with low temperatures, and it may be that the 

combination of these factors contributes to a general superiority of ground roosts during cold 

weather. Finally, grouse in the region are red-phased, so are inconspicuous to predators when 
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buried flush with the similarly colored leaf litter. Given the behavioral parallel to snow 

burrowing, the development of such leaf-roosting behavior seems reasonable.  

 

Ruffed grouse were found to roost in locations having relatively high stem densities (Table 2.2; 

see also Thompson and Fritzell 1988a). Numerous studies have reported stem density as being 

positively correlated with ruffed grouse habitat quality due to reduced predation risk, and this 

feature is widely viewed as the cornerstone of ruffed grouse habitat needs. Though many roosts 

were found in mature stands having relatively low stem densities, such roosts were generally 

located in microsites having locally high densities of small stems, such as evergreen shrub 

thickets and areas around windthrown trees. Stem density is likely important even when grouse 

roost in trees and shrubs, as most such roosts were situated within a few meters of the ground, 

and snow tracking indicated that grouse often walk to and from roost sites. These dense patches 

often contained evidence of repeated use by roosting grouse, supporting Marshall’s (1965) 

observation that individuals make regular use of a relatively limited number of such patches 

within their home range. 

 

Topographic Effects 

One of the most striking aspects of roost site selection we observed was the different 

distributions of day and nighttime grouse locations across slope positions (Table 2.3), which 

suggest daily movements downslope in morning and upslope in evening. As birds are simply 

moving out of local hollows, such movements typically would involve relatively small elevation 

changes (tens of meters) and short travel distances. Studies of diurnal habitat selection by grouse 

on ACGRP sites found that mesic bottomlands were preferred during winter, likely due to the 

higher abundance of foods such as forbs and soft mast (Chapter 4; Fearer 1999). However, 

preference for higher elevation roost sites remains unexplained. We considered the possibility 

that this might reflect selection for some microsite type restricted to higher elevations. However, 

given that grouse did not show any strong preference in roost microsite type (Table 2.1), this 

seems unlikely. Indeed all roost microsite types used were commonly available at all elevations 

on our study sites.  
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A similar pattern of daily movement was observed in Idaho by Hungerford (1951), who reported 

that during August and September ruffed grouse broods moved upslope each evening to avoid 

thermal inversions. Thermal inversions develop in convoluted terrain when heavier cold air 

drains into low-lying areas during calm, clear, dry nights (Geiger 1950), and are common during 

winter in western Virginia (e.g., Figure 2.1). The maximum temperature inversion we observed 

was 8.8° C. On ridgetops, 57% of hourly nighttime temperature readings were <1.5°C (the lower 

critical temperature for ruffed grouse; Thompson and Fritzell 1988b), while in bottoms 67% 

were <1.5°C. Consequently, it seems that in mountainous areas ruffed grouse may make regular 

short-distance movements upslope during evening to avoid energetically costly microclimates 

developing in low-lying areas. At times wind chill may be greater at higher elevations due to 

increased exposure. However, as mixing by wind prevents the formation of thermal inversions 

(Geiger 1950), wind chill should be negligible on nights when inversions develop. Though we 

did not measure this directly, it is possible that grouse also avoid wind chill through selection of 

sheltered microsites (e.g., Thompson and Fritzell 1988a; Table 2.2).  

 

Bump et al. (1947) reported that, though all slope aspects were used regularly, during winter 

grouse in New York were more often found on west-facing slopes. Though we also located the 

greatest proportion of birds on west-facing slopes, the distribution we observed did not differ 

from the availability of slope aspects across study sites (Figure 2.2).  

 

Snow Roosting 

In more northern forests at the core of the species’ range, grouse numbers and production may be 

positively correlated with snow roosting conditions during the preceding winter (Gullion 1970, 

Kubisiak et al. 1980). In southern portions of the species’ range, ruffed grouse also snow burrow 

whenever accumulations of snow are sufficient (≈20cm; Thompson and Fritzell 1988a, Ott 

1990). Given that individual grouse in the South may never experience conditions sufficient for 

proper snow burrowing, it is noteworthy that they exhibit a strong predisposition for this 

behavior. Even when snow cover was limited grouse buried themselves with their backs flush 

with the snow surface (see also Ott 1990). On one occasion we were able to backtrack from a 

grouse’s ground roost to a tree roost it had abandoned soon after a heavy snowfall had begun 
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near midnight. These observations suggest snow roosting is a strongly and broadly developed 

behavior of ruffed grouse. 

 

Management Implications 

Natural resource managers in the Appalachian region often devote considerable energy and 

resources to improving habitat for ruffed grouse. These efforts often include planting or favoring 

conifers, particularly white pine, for their perceived value as roosting cover for grouse and other 

upland game birds. Although we often found grouse roosting in understory white pines, our 

findings do not suggest a strong selection for roosting in pines in the central Appalachians, and 

we question the benefits of this practice as a means to improve roosting cover. If managers feel 

suitable roosting cover is limited, we suggest management for conifers having denser foliage 

(e.g., eastern red cedar; Thompson and Fritzell 1988a) or, since grouse roosting in mature stands 

selected microsites having locally high stem densities, possibly simulating blowdowns by felling 

small groups of trees. Also, stands having high stem densities afford good escape and roosting 

cover for grouse, and clearcuts or heavy selective cuts are often used to create such habitat. 

Managers should consider orienting these habitat management units such that they connect 

foraging habitat on lower slopes with roosting habitat on upper slopes, thereby reducing 

exposure of grouse to predators.  
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Table 2.1. Winter roost microsites used by ruffed grouse at three study sites in western Virginia 

(n = 90; 1998–2002). 

 
Roost type Count % 
   
Evergreen Shrub (ground) 13 14 

Evergreen Shrub (above ground) 18 20 

Conifer Tree (ground) 5 6 

Conifer Tree (above ground) 13 14 

    Evergreen total 49 54 
   
Deciduous Shrub (ground) 5 6 

Deciduous Shrub (above ground) 0 0 

Deciduous Tree (ground) 19 21 

Deciduous Tree (above ground) 10 11 

    Deciduous total 34 38 
   
Snow Burrowa 0 0 

Open Ground 7 8 
   
 

a Grouse were regularly observed ground roosting in snow (see Table 2.4), but snow depth was 

never sufficient to allow birds to completely bury themselves. 
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Table 2.2. Habitat measures from paired 400m2 sampling plots centered on roosts and control 

sites (i.e. 60m away in a random direction) in western Virginia, 1998–2002. Differences were 

tested using a paired t-test (n = 44).  

 

Feature Roost ± S.E. Control ± S.E. t P 
     
% Deciduous cover 84.66 ± 2.18 84.55 ± 2.92 0.03 0.970 

% Conifer cover 23.48 ± 4.50 16.93 ± 3.60 1.54 0.130 

Conifers (8–20 cm)/ha 85.25 ± 19.75 53.00 ± 20.75 1.28 0.210 

All conifers/ha  114.75 ± 25.00 77.75 ± 26.00 1.17 0.250 

Basal area (m2/ha) 25.41 ± 2.15 28.18 ± 3.27 0.78 0.440 

Stems < 8 cm/ha 7453 ± 793 5436 ± 656 2.95 0.005 

Stems within 3 m 51.63 ± 5.79 33.62 ± 4.74 2.77 0.009 
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Table 2.3. Slope position of daytime and nighttime (i.e. roosting) grouse locations at three study 

sites in western Virginia, 1998–2002. Divisions between midslope and toe/bottom, and between 

ridge and midslope were one-third and two-thirds of the way up slopes, respectively.  

 
  Number of locations   

Site  Toe/Bottom Midslope Ridge χ2
2 P 

       
VA1 Night 4 18 24 30.30 <0.001 

 Day 63 63 24   
       
VA2 Night 0 19 7 9.15 0.010 

 Day 33 69 48   
       
VA3 Night 4 6 7 0.21 0.900 

 Day 43 51 56   
       
Total Night 8 43 38 20.85 <0.001 

 Day 139 183 128   
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Table 2.4. Influence of snow cover on incidence of ground roosting by ruffed grouse in western 
Virginia, 1998–2002.  
 
 
Snow cover Ground Above ground χ2

1 P 
     
No snow on ground 29 30 6.88 0.009 

Snow on ground 20 5   
     
 

 



Darroch M. Whitaker Chapter 2: Roost Site Selection 45 

Table 2.5. Influence of overnight precipitation on incidence of ground roosting by ruffed grouse 

in western Virginia, 1998–2002.  

 

Overnight precipitation Ground Above ground χ2
2 P 

     
No precipitation 37 31 6.65 0.036 

Rain during night 3 6   

Snowfall during night 9 1   
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Figure 2.1. Nighttime air temperatures (°C ; 1700h–0700h) along ridgetops and bottoms on the 

VA1 study site (Augusta Co., VA) from January 26–February 1, 2002, the first week during 

which such data were collected. In total, thermal inversions developed on 15 of 36 nights 

sampled. 
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Figure 2.2. Expected and observed distributions of grouse roost sites by slope aspect during 

winter in western Virginia, 1998–2002. 
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Figure 2.3. Proportion of ground and above ground night roosts selected by grouse relative to air 

temperature (°C) at dusk (1700h) during winter in western Virginia, 1998–2002. 
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Figure 2.4. Vegetation types selected for nocturnal roosting relative to air temperature (°C) at 

dusk (1700h) during winter in western Virginia, 1998–2002. 

 



CHAPTER 3: FACTORS ASSOCIATED WITH VARIATION IN APPALACHIAN RUFFED GROUSE 

HOME RANGE SIZE 

 

ABSTRACT – As animals are under selective pressure to utilize the smallest adequate home range, 

identifying factors associated with variability in home range size can provide important insight 

into a species’ habitat ecology. From 1996–2001 researchers at 10 Appalachian Cooperative 

Grouse Research Project (ACGRP) study sites collected radiotracking data sufficient to delineate 

647 fall-winter and 407 spring-summer home ranges of ruffed grouse (Bonasa umbellus). 

Females that occupied smaller fall-winter home ranges were more likely to reproduce 

successfully, and other researchers have reported higher survival for grouse using smaller ranges, 

supporting our assumption that home range size was inversely related to fitness. Information-

theoretic model selection was used to test a priori multivariate models quantifying hypotheses 

about ruffed grouse habitat ecology. Females and juvenile males occupied ≥2× larger home 

ranges than adult males, and female home ranges averaged 2.6× larger during breeding seasons 

when they successfully reared broods than when they experienced reproductive failure. Home 

range size of juvenile males was positively related to population density, supporting the 

hypothesis that they are in competition with established males for preferred territories. Clearcuts 

and forest roads generally are viewed as high quality grouse covers, and both were more 

prevalent in smaller home ranges. In oak-hickory forests, female home range size was inversely 

related to proportional coverage of mesic bottomlands, which support abundant plant foods, and 

home ranges of both males and females increased 2.5× following poor fall hard mast crops. In 

contrast, home ranges of grouse inhabiting mixed mesophytic forests were unaffected by these 

factors. This supports the view that grouse populations in many Appalachian forests are under 

strong nutritional constraint and that good foraging habitats are localized. However, more 

dependable alternate foods (e.g., cherry [Prunus spp.] and birch [Betula spp.] buds) may relax 

these constraints in mixed mesophytic forests. Finally, all sex and age classes of grouse used 

smaller home ranges following closure of sites to hunting, suggesting that hunters displace 

grouse from preferred habitats. 
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INTRODUCTION 

 

Home range size is a fundamental aspect of an animal’s habitat ecology, having important 

implications for energetics, survival, time budgets, movements, and spatial relations with other 

animals. Larger home ranges may be costly in terms of time and energy allocated to travel, while 

also increasing encounter rates with predators and competitors. Consequently it is expected that 

under most circumstances animals should attempt to use the smallest adequate home range 

(Badyaev et al. 1996), and that home range size will be positively related to resource needs. 

Further, home range size should typically be inversely related to resource availability, habitat 

quality, and, ultimately, to an individual’s fitness. Researchers have reported inverse 

relationships between home range size and resource availability in a variety of bird species 

including wood warblers (Parulidae), wrens (Troglodytidae), wattlebirds (Callaeidae), 

hummingbirds (Trochilidae), woodpeckers (Picidae), turkey (Meleagrididae), and ptarmigan 

(Tetraonidae; Cody 1985, Badyaev et al. 1996, Convery 2002). Despite this connection to 

resource availability, relationships with habitat quality can only be demonstrated by considering 

demographics (Van Horne 1983, Powell 2000). In one of the few studies to adequately test this, 

Convery (2002) documented an inverse relationship between home range size and fitness for red-

cockaded woodpeckers (Picoides borealis). However, there are also circumstances under which 

individuals should expand home ranges beyond that sufficient to meet nutritional needs alone. 

These might include, for example, locating high quality mates, acquiring breeding territories or 

display sites, and displacement by territorial conspecifics. Consequently, knowledge of factors 

affecting home range size can help identify limiting resources, and point to differences in habitat 

ecology and resource needs between demographic groups or populations. 

 

Ruffed grouse (Bonasa umbellus) are a popular gamebird inhabiting boreal and temperate forests 

of North America. Although generally found in more northerly forests, in eastern North America 

the species’ range extends south along the Appalachian Mountains to Georgia (Figure 3.1). They 

are resident throughout the year and, with the exception of males in the vicinity of drumming 

logs (display sites), are nonterritorial (Rusch et al. 2000). They have a “dispersed lekking” 

breeding system, in which individual males display at drumming logs, females may visit several 

displaying males, and no pair bond is formed (Bergerud and Gratson 1988). Clutches contain 8–
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12 eggs, hatching is synchronous, and young are nidifugous and precocial. In northern forests 

ruffed grouse are most abundant in early-successional trembling aspen (Populus tremuloides) 

stands, which afford thick escape cover and relatively high quality foods, particularly aspen buds 

and catkins. In contrast, aspen are rare or absent from most Appalachian forests (Figure 3.2), and 

forbs, evergreen leaves, and hard and soft mast (nuts and berries) form the bulk of the species’ 

diet (Servello and Kirkpatrick 1987). Unlike those in more northerly forests, ruffed grouse 

populations in Appalachian forests are noncyclic (Rusch et al. 2000).  

 

Individual, local, regional, and seasonal factors are known to affect ruffed grouse home range 

size. Researchers have reported that females occupy larger home ranges than males and that 

juveniles use larger ranges than adults (Archibald 1975, Thompson 1987, Clark 2000, Fearer and 

Stauffer 2003). Home range size is also known to vary between seasons, being largest during fall 

and winter (Archibald 1975, Maxson 1978, Thompson 1987, Fearer and Stauffer 2003). Maxson 

(1978) reported that during summer females with broods make more extensive movements than 

females without broods. Habitat within home ranges also can affect home range size. Fearer and 

Stauffer (2003) reported that home ranges in Virginia were larger when habitat patches were 

irregularly shaped and as the amount of core habitat (i.e. habitat >50m from an edge) within 

patches increased. Conversely, home range size decreased with increased habitat diversity and 

density of high contrast edge (e.g., clearcut or road edge; Fearer and Stauffer 2003). At a 

regional scale, it has been reported that home ranges of southern grouse are typically larger than 

those of grouse inhabiting the Great Lake States (White and Dimmick 1979, Epperson 1988, 

Thompson and Fritzell 1989, Neher 1993, Fearer and Stauffer 2003). This, combined with low 

population densities, has led biologists to speculate that quality of ruffed grouse habitat is 

generally inferior in the southern Appalachians. 

 

Our objective here was to identify factors associated with variation in ruffed grouse home range 

size, and, using this information, make inferences about the species’ habitat ecology in the 

region. From 1996–2001 grouse radiotracking was conducted at 10 replicate study sites across 

the Appalachian Mountains (Figure 3.1), yielding sufficient data to estimate >1,000 seasonal 

home ranges. We used these data to investigate relationships between home range size and sex, 

age, reproductive status, interannual variation in hard mast crops, population density, habitat 
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factors, and hunting. We used three analytical approaches to identify causes of variation in home 

range size. First, when an individual bird was followed for >1 year, we compared pairs of home 

ranges based on factors that varied between years. Second, we used information-theoretic model 

selection to evaluate competing multivariate models of factors suspected to affect home range 

size. Finally, we used an experimental approach to test whether grouse modify home range size 

in response to hunting. 

 

METHODS 

 

Study Sites 

Data were collected at 10 sites along the Appalachian extension of the ruffed grouse species 

range (Figure 3.1). Study sites were located on National Forest lands (n = 2), state forest and 

game management areas (n = 5), and industrial forestlands operated by MeadWestvaco 

Corporation (n = 3). Radiotracking data were collected on five sites from September 1996 

through April 2001 (55 months). Pilot data collection began on WV1 in September 1995, 

whereas monitoring started later on VA1 (September 1997), PA1 (September 1998), and NC1 

and RI1 (September 1999).  

 

Forest cover on each study site was dominated by one of two general associations. Oak-hickory 

forests (Braun 1950) dominated cover on the KY1, RI1, VA1, VA2, and WV2 study sites. 

Locally, stands on dry slopes and ridges on these sites often represented the oak-pine forest 

association (Braun 1950). The most common tree on these sites was chestnut oak (Quercus 

prinus; ACGRP, unpublished data), and other important tree species included white, red, scarlet, 

and black oak (Q. alba, Q. rubra, Q. coccinea, and Q. velutina, respectively), shagbark, pignut, 

bitternut and mockernut hickory (Carya ovata, C. glabra, C. cordiformis, and C. tomentosa, 

respectively), white, Virginia, pitch, and Table Mountain pine (Pinus strobus, P. virginiana, P. 

rigida, and P. pungens, respectively), eastern hemlock (Tsuga canadensis), red and sugar maples 

(Acer rubrum, and A. saccharum, respectively), and beech (Fagus grandifolia). In the understory 

great rhododendron (Rhododendron maximum) and mountain laurel (Kalmia latifolia) often 

formed dense evergreen thickets. Prior to the elimination of American chestnut (Castanea 
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dentata) as an important canopy tree shortly after 1900, forests on these sites likely represented 

the oak-chestnut forest association (Braun 1950).  

 

Forest cover on the remaining study sites (MD1, NC1, PA1, VA3, and WV1) was representative 

of the mixed mesophytic forest association (Braun 1950). The most abundant canopy tree species 

on each of these sites was red maple (J. Tirpak, Fordham University, unpublished data), while 

other important tree species included sugar maple, basswood (Tilia americana), sweet and 

yellow birch (Betula lenta, and B. alleghaniensis, respectively), black and pin cherry (Prunus 

serotina and P. pensylvanica, respectively), white ash (Fraxinus americana), white pine, 

American beech, northern red oak, white oak, eastern hemlock, and yellow poplar (Liriodendron 

tulipifera; Braun 1950). Where available, buds and flowers of aspen, birch, and cherry trees 

afford ruffed grouse a stable supply of high quality winter food (Servello and Kirkpatrick 1987), 

and these trees were much more prevalent on study sites having mixed mesophytic forests 

(Figure 3.2). Hard mast producing trees, while somewhat less prevalent than on oak-hickory 

sites, were still abundant on these sites (Figure 3.3). A relative phenologic index, which 

estimates differences in vegetation phenology based on latitude, longitude, and elevation 

(Hopkins 1938), indicated that, in spite of their geographic interspersion (Figure 3.1), growing 

seasons were shorter on all mixed mesophytic sites (S. Klopfer, Conservation Management 

Institute, unpublished data).  

 

A key goal of the ACGRP was to experimentally test the effect of hunting on ruffed grouse 

ecology. During phase I (fall 1996–spring 1999) all study sites were open to fall-winter grouse 

hunting. During phase II (fall 1999–spring 2001) hunting was closed on three treatment sites 

(KY1, VA3, WV2), but remained open on all other sites (controls).  

 

Home Range Estimation 

Lily-pad traps, which passively intercept walking grouse, were used from late August through 

early November each year to capture grouse on each study site (Gullion 1965). Gender and age 

class (juvenile [<15 months] or adult) of captured grouse were assessed based on feather criteria 

(Kalla and Dimmick 1995). Grouse captured during their first fall were graduated to the adult 

age class on September 1 of their second year (≈15 months post-hatch). Grouse were equipped 
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with a necklace-style radio-transmitter (10g, 1.25–2.5% of body mass; Advanced Telemetry 

Systems, Isanti, MN, USA), released at the site of capture, and, before being entered into the 

study population, given a 7-day conditioning period to acclimate to the transmitter and recover 

from capture stress. Thereafter roving observers equipped with handheld receiving equipment 

attempted to locate each bird at least twice weekly. A network of telemetry receiving stations 

was established on each study site, and the UTM coordinates of each obtained using a global 

positioning system (GPS) corrected against a base station (accurate to <5 m). To obtain a 

location estimate for a grouse, sets of azimuths were collected from 3–8 stations during a period 

of <20 minutes (White and Garrott 1990; Chapter 1). Azimuths were collected between dawn 

and dusk, so locations reflect diurnal habitat use (cf. Chapter 2). 

 

Grouse locations were estimated from sets of telemetry azimuths via Lenth’s maximum 

likelihood estimator (Lenth 1981) calculated using a modified SAS program presented by White 

and Garrott (1990). We conducted a beacon study (White and Garrot 1990), from which we 

determined that the mean bearing error in our azimuth data was approximately 7° (Chapter 1). 

We used this value when calculating the extent of 95% confidence ellipses for each location 

estimate. Location estimates were considered unreliable and dropped if the 95% confidence 

ellipse exceeded 10ha or the Geometric Mean Distance (GMD) between receiving stations and 

the location estimate exceeded 800m. Following these methods and screening criteria, mean 

linear error for a set of 123 triangulations of test transmitters having known locations was 76.0m 

(Chapter 1). Prior to inclusion in tests of factors influencing home range size, both raw and 

cleaned location datasets for each grouse were plotted and visually compared to ensure that 

portions of home ranges were not being excluded because they extended beyond 800m from the 

telemetry station network. 

 

Fall-winter (September 1–March 31; 212 days) and spring-summer (April 1–August 31; 153 

days) home ranges were estimated for each grouse. These dates were selected to correspond 

approximately with nest initiation and brood break up so that the fall-winter and spring-summer 

time periods would approximate the non-breeding and breeding seasons, respectively. We used 

the fixed kernel method with Least Squares Cross Validation (LSCV) to delineate home range 

boundaries (Worton 1989), which generally yields the least biased estimates compared to other 
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contemporary approaches (Seaman and Powell 1996, Powell 2000). Fixed kernel home ranges 

were calculated using the animal movement software extension (Hooge et al. 1999) for ArcView 

GIS software (Environmental Systems Research Institute, Inc., Redlands, CA, USA). As 

recommended for kernel methods, we used a minimum of 30 locations to estimate home ranges 

(Seaman et al. 1999). Peripheral home range boundaries are difficult to delineate accurately, may 

have reduced biological significance, and likely are only generally perceived by animals 

(Seaman et al. 1999, Powell 2000). Consequently, it is preferable to emphasize central portions 

of home ranges for comparisons of home range area (Seaman et al. 1999), and we used 75% 

fixed kernel home range estimates.  

 

A home range has been defined as a repeatedly traversed area where an animal has a 

predetermined probability of occurring during a given time period (Kenward 2001, Kerhonan et 

al. 2001). An implicit assumption is that the animal has settled and is restricting its movements to 

a locality. Consequently efforts should be made to exclude dispersal movements when 

delineating home ranges, as failure to do so can lead to dramatic exaggeration of home range 

boundaries (Powell 2000, Kenward 2001). We identified and removed obvious dispersal events 

through visual analyses of sequential movement paths. Dispersal was identified as an extended 

(>0.5 km) one-way movement through an area that was not revisited, and was considered 

complete when the grouse first entered the repeatedly traversed area. Such movements generally 

are easily recognized, as ruffed grouse dispersal is rapid and strongly oriented, and typically 

occurs during early fall (September–November) or sometimes early spring (March–April; Small 

and Rusch 1989, Small et al. 1993). Our >0.5 km distance criteria corresponds to the diameter of 

a 20ha circle.  

 

Explanatory Variables 

Several variables were linked to each grouse home range (Table 3.1). For each grouse we 

recorded gender and age. For females we recorded breeding success during the current or, for 

fall-winter home ranges, subsequent breeding season; females were classified as successful 

breeders if they had ≥1 chick alive at 5 weeks post-hatch. At the study site level, we used 

trapping success (captures/100 trap nights) as an index of fall population density each year. Fall 

hard mast production was evaluated on each site each fall by ranking masting by red/black, 
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white, and chestnut oaks, and beech on a 0–3 scale (0 = no mast, 1 = light, 2 = moderate, 3 = 

heavy). We took the sum of the mast indices for these four tree species as an index of hard mast 

production on that site that year. When a mast species was not found on a site we assigned it a 

value of zero in all years, in effect penalizing sites having a lower diversity of hard mast 

producing trees. 

 

Using methods similar to Fearer and Stauffer (2003), we created digital Geographic Information 

System (GIS) habitat maps for each study site using ground surveys and Landsat Thematic 

Mapper satellite imagery (30×30m pixel resolution). To make maps comparable across all 10 

sites our classification scheme was necessarily general. Maps included raster layers for landcover 

and topographic moisture, and a vector layer for access routes (i.e. roads and trails). Landcover 

was classified as coniferous forest, mixed forest with or without an evergreen understory, 

deciduous forest with or without an evergreen understory, 0–10-year-old clearcut, 10–20-year-

old clearcut, water, agricultural and open land, or disturbed and developed sites. Using USGS 

Digital Elevation Models (DEMs), a Topographic Moisture Index (TMI) was calculated from the 

slope, aspect, and landform at and around each pixel. This was used to classify each pixel as 

xeric or mesic relative to the average for the landscape. Maps of mesic habitats closely reflected 

the distribution of concave landforms in the landscape (e.g., hollows, valley bottoms, and 

riparian zones), and hereafter are referred to as mesic bottomlands. Access routes were classified 

as paved, dirt, or vegetated roads or trails. Revised maps, including any newly created clearcuts 

and roads, as well as updated ages for existing clearcuts, were generated for each year of data 

collection on each site.  

 

Accurate maps are a prerequisite for making reliable inferences when overlaying animal 

locations. Accuracy of some map classes used here was high. These included anthropogenic 

features which are visually obvious on imagery or whose locations were measured using GPS, 

such as clearcuts, agricultural land, and roads. Also, TMI class, which was calculated from 

DEMs, should be relatively accurate. Other features, particularly vegetation cover types, are 

more difficult to map accurately. Classification errors will be additive if composite layers are 

used, so we classified forest cover (conifer, mixed, or deciduous) and understory (evergreen or 

no evergreen) separately. We assessed user’s accuracy, which is the probability that pixels 
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assigned to a particular class on the map are actually that class on the ground, for vegetation 

cover types using standard map evaluation procedures (Campbell 1996). Reference data were 

obtained from 0.04ha vegetation survey plots sampled on each site (J. Tirpak, Fordham 

University, unpublished data). Each reference point was classified as having a deciduous (<20% 

conifer), mixed (20–80% conifer), or coniferous forest canopy (>80% conifer canopy cover). 

The understory at each point was classified as evergreen (>10% evergreen shrub cover) or non-

evergreen (<10% evergreen shrub cover). 

 

Habitat information for each grouse home range was extracted from GIS maps using 

FRAGSTATS/ARC software (McGarigal and Marks 1995). In addition to landcover 

composition, this program will calculate many landscape metrics from digital habitat maps. 

However rather than test all available habitat metrics in a “fishing trip,” we used our own 

experience as well as a literature review to select an a priori subset of landscape metrics we 

considered potentially important to ruffed grouse (Table 3.1; see also Fearer and Stauffer 2003). 

Landscape metrics may be geometrically (rather than biologically) related to home range size. 

These types of relationships can result from edge-area ratio effects or when a variable (e.g., patch 

richness) quickly reaches the maximum value as polygon size increases. To identify spurious 

relationships of this nature we created a test set of 100 randomly placed circular “home ranges” 

ranging in size from 0.5–200ha on the GIS map of the VA1 study site. We extracted the same 

habitat variables from each random circle as we had extracted for each home range, and tested 

these for relationships with circle area using linear and quadratic regression (Sokal and Rohlf 

1995). Significant relationships (i.e. α < 0.05) were identified for mean patch size, mean shape 

index, mean nearest neighbor distance, total core area index, largest patch index, patch richness 

density, and patch density, so these landscape metrics were not considered in subsequent 

analyses (see McGarigal and Marks [1995] for definitions).  

 

At the landscape scale, we defined an area of “available” habitat based on the distribution of 

radioed grouse each season. We did this by placing an 800m buffer around any telemetry station 

falling within 800m of a grouse location from that season. This approach ensured that any habitat 

considered available was in the vicinity of a contemporary grouse home range. Habitat variables 
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were then extracted from this available “landscape” following the same methods used for 

individual home ranges. 

 

Data Analyses 

For many individual grouse we were able to estimate spring-summer or fall-winter home ranges 

during >1 year. This allowed direct pairwise comparisons of an individual’s home range size 

under different circumstances while controlling for many sources of variability (e.g., local 

habitat quality). If an individual was a juvenile when the first home range was estimated, we 

tested the effect of age (juvenile vs. adult) on home range size. When an adult grouse was 

followed during >1 fall-winter, we compared home range size from the year having the higher 

mast index to that of the year having the lower mast index; when an adult was tracked for >2 

fall-winters we compared home ranges from the years having the greatest difference in mast 

index. Finally, when a female was successful in raising ≥1 chick to 5 weeks of age in one spring-

summer, but failed to raise any chicks to 5 weeks in another, we compared home range size 

between successful and unsuccessful breeding seasons. All comparisons were evaluated using 

paired t-tests, with the difference in size of the 75% fixed kernel home ranges as the response 

variable (Sokal and Rohlf 1995). 

 

To test for a relationship between home range size and each explanatory variable (Table 3.1) we 

fit data to a linear model (JMPin statistical software v. 4.0.3, SAS Institute, Cary, NC, USA). We 

used the 75% kernel home range area (m2) as the response variable (Y), which was natural log-

transformed prior to model-fitting to avoid heterogeneous variance of residuals. Effects of sex, 

age, or study site might mask relationships between other variables and home range size. 

Consequently we first fit each of these three variables and, if they explained a measurable 

proportion of the variance in home range size, included them as covariates in tests of other 

variables. We also tested an expanded model including a Sex×Age interaction term. If 

significant, we removed this interaction by combining the two traits into a single 4-class variable, 

SexAge (juvenile male, adult male, juvenile female, or adult female). Each additional 

explanatory variable was then fit to the appropriate base model, and its influence was assessed 

via ∆i, the change in Akaike’s Information Criterion adjusted for sample size (AICc) resulting 

from the addition of that term to the model, as well as by ∆R2
adj, the change in overall model fit 
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(Burnham and Anderson 1998). Reductions in AICc >2 indicate a substantial improvement in 

model fit (Burnham and Anderson 1998). Residuals were inspected for homogeneity of variances 

and non-random patterns (e.g., a bowl shape). Finally, we tested each variable for interactions 

with sex, age class, and study site. When we detected an interaction with sex or age we fit the 

model to each class separately to identify the nature of the interaction. When we detected an 

interaction with study site we ran the model separately for oak-hickory and mixed mesophytic 

forest sites. If this failed to account for the site-level interaction we fit the model to each site 

individually. When the value of the response variable is likely to remain fixed across years for an 

individual, inclusion of multiple home ranges for that individual may constitute 

pseudoreplication (Hurlbert 1984). To avoid this we restricted our data set to one home range per 

individual for all habitat variables. However when the level or value of the explanatory variable 

is likely to change from year to year, inclusion of replicate observations from individuals is 

acceptable or even desirable, as the response by individuals to changing conditions should give a 

reliable estimate of the influence of that change. Consequently, for explanatory variables that 

were determined on an annual basis, such as hard mast crop or reproductive success, we included 

multiple home ranges from individuals in test data sets. 

 

The preceding analyses were designed to identify univariate relationships as if they occurred 

independently of one another. However habitat selection is a multivariate process. To elucidate 

relationships between factors we developed sets of candidate multivariate linear models to 

explain variation in home range size. A single model set was developed to explain variation in 

home ranges of all grouse sex and age classes during fall-winter. However, as we had no 

estimate of reproductive success for males, separate linear model sets were needed for male and 

female grouse during spring-summer. Development of models was based on results of the 

preceding tests of individual variables, on published research on ruffed grouse habitat ecology, 

and on hypothesized relationships between variables. Prior to developing models we tested 

candidate variables for correlations, as multicollinearity can lead to model overfitting. We 

computed Pearson’s product-moment correlation coefficient for all pairs of continuous variables 

(Sokal and Rohlf 1995), and censored one member of each pair having a correlation >0.6. We 

then compared candidate models in each set using information-theoretic model selection 

procedures (Burnham and Anderson 1998). First, for each model set the fit of the global or most 
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complex model was assessed through inspection of residual plots and a goodness of fit test. 

Models within each set were then compared using AICc, AICc differences (∆i), R2
adj, and Akaike 

weights (ωi) (Burnham and Anderson 1998). A subset of “best” candidate models (sensu 

Burnham and Anderson 1998) was defined as all models having ωi ≥ 0.05. To estimate the 

influence of individual explanatory variables across models we calculated a Relative Importance 

Value (RIV) for each variable. These RIVs, which represent a form of model averaging, were 

calculated as the sum of the Akaike weights for all models that included a particular variable or 

interaction term (Burnham and Anderson 1998).    

 

Because hunting treatments were applied using an experimental design, we employed a 

hypothesis testing approach to assess any response by grouse (Sokal and Rohlf 1995). We tested 

the null hypothesis that hunting did not affect home range size using a repeated measures mixed 

linear model (Bennington and Thayne 1994; PROC MIXED, SAS Institute, Cary, NC). To avoid 

pseudoreplication we used the mean (natural log-transformed) fall-winter home range size for 

each sex and age class of grouse on each site each year as the response variable. Subjects of 

repeated measures were sites, which were nested within treatments. Treatment (experimental or 

control), phase (1 = pretreatment, 2 = hunting closed on experimental sites), mast index, and 

SexAge were included as fixed effects. A Phase×Treatment interaction term tested for any effect 

of hunting on home range size, and a three-way interaction (Phase×Treatment×SexAge) tested 

for a differential response by sex and age classes to hunting closure.  

 

A common assumption is that animals will use smaller home ranges in higher quality habitat. 

This assumption can only be tested by comparing the fitness of individuals, which requires 

estimates of both survival probability and reproductive success. We were unable to address this 

relationship directly, as we could not estimate home range size for individuals that did not 

survive, and because females increase their movements while raising a brood (Maxson 1978). 

However we did test to see if female reproductive success during spring-summer was related to 

home range size during the preceding fall-winter. We carried out a logistic regression analysis 

using fall-winter home range area for female grouse as the explanatory variable and breeding 

success the following summer as the response variable (successful = raised ≥1 chick to 5 weeks 

post-hatch, unsuccessful = failed to nest successfully or lost all chicks by 5 weeks post-hatch). 
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We tested for a univariate relationship, and then expanded the model to include study site, mast 

index, and a home range size by mast index interaction.  

 

Finally, we were interested in the influence of landscape scale habitat composition on home 

range size. At this scale rigorous statistical analyses were not possible, as our sample size was 

limited to one observation for each of the ten study sites. However we conducted an exploratory 

analysis for relationships by plotting the mean home range size for each sex and age class of 

grouse on each study site during fall-winter and spring-summer against the mean extent of each 

habitat variable on each study site.   

 

RESULTS 

 

Our final data set included 647 fall-winter home ranges from 575 individual grouse and 407 

spring-summer home ranges from 379 individuals. In tests controlling for sex, age, and season, 

home range size was unrelated to the number of telemetry locations used (range = 30–75 

locations) or the time interval between collection of the first and last locations. Consequently 

neither number of locations nor duration of monitoring was included as a covariate in subsequent 

analyses.  

 

Home ranges of females typically were 2–3 times larger than those of adult males, and home 

ranges of all sex and age classes were larger during fall-winter than during spring-summer 

(Tables 3.2 and 3.3). Comparing pairs of home ranges from individual grouse provided strong 

evidence for several causes of variation in home range size between years. Fall-winter home 

ranges of juvenile males were approximately 2 times larger than those of adult males, and this 

difference, though reduced, was still evident during spring-summer (Tables 3.2–3.4). We found 

some suggestion of a similar difference between fall-winter home ranges of juvenile and adult 

females, though this relationship was inconsistent across study sites and was not evident during 

spring-summer (Tables 3.2–3.4).  Individual females had larger spring-summer home ranges 

during years in which they successfully raised broods than during years when they experienced 

reproductive failure (Table 3.4). On sites having oak-hickory forests, both adult female and adult 

male grouse expanded their fall-winter home ranges >2.5× following poor fall hard mast crops 
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(Table 3.4). No such response was detected for grouse on study sites having mixed mesophytic 

forests (Table 3.4).  

 

Our evaluation of user’s accuracy for forest cover on our GIS maps yielded mixed results. 

Overall, forest overstory was classified correctly for 85% of vegetation survey plots, while 

understory was classified correctly on 80% of plots (n = 1,354). Accuracy was highest for 

deciduous forest canopy (Decid; 93%) and stands without evergreen shrubs in the understory 

(NEU; 85%). However these two cover classes dominated cover on our study sites; 89% of 

reference vegetation plots had a deciduous canopy and 79% had no evergreen understory. Thus 

relatively high accuracy is expected due to chance alone. User’s accuracy for less common cover 

classes was lower. Mixed canopy forests (Mix) represented 8% of reference points and were 

classified correctly 23% of the time, while 3% of reference plots had coniferous canopy cover 

(CONIF), and 50% of these were classified correctly.  In the understory 21% of reference plots 

had evergreen shrub cover (EU) and user’s accuracy was 53%.  

 

In our tests of individual variables, study site (Site) was found to have a strong influence on 

home range area during both spring-summer and fall-winter, so was included as a control 

variable in tests of all other individual factors (Tables 3.2, 3.3, 3.5 and 3.6). Sex and age were 

also found to have an important influence on fall-winter home range size. However there was an 

interaction between sex and age resulting from the fact that juvenile male home ranges typically 

were intermediate in size between those of juvenile and adult females (Table 3.2). To avoid this 

interaction we combined sex and age into a single four-level variable (SexAge) in subsequent 

tests of fall-winter home range size (Table 3.5). Sex also influenced spring-summer home range 

size, though age did not. Consequently we only included study site and sex as control variables 

in tests of factors influencing spring-summer home range size (Table 3.6).  

 

For fall-winter home ranges we observed an interaction between trapping success (Trap) and 

SexAge, which led us to test this relationship separately for each class; there was a strong 

positive relationship between trapping success and fall-winter home range size for juvenile males 

but no other SexAge class (Table 3.5). There was an inverse relationship between our hard mast 

index (Mast) and fall-winter home range size for adult grouse on study sites having oak-hickory 
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forests (Table 3.5), which continued into spring-summer for females (Table 3.6). However, as 

with our paired tests, we found no such relationship for grouse on sites having mixed mesophytic 

forests. Consistent with our paired home range tests, females that successfully raised broods had 

larger spring-summer home ranges than unsuccessful females (Table 3.6). 

 

We found relationships between several habitat variables and fall-winter home range size (Table 

3.5). As proportional coverage of clearcuts increased home ranges became smaller. Fall-winter 

home range size also showed an inverse relationship with several variables relating to road 

density. Of these, the combined density of all roads plus trails (Acs) showed the strongest 

relationship (Table 3.5). In contrast, as home range size increased we observed an increase in 

proportional coverage of forests having evergreen understories. For male grouse, larger home 

ranges also contained proportionately more deciduous forests, while larger home ranges of 

females contained proportionately more coniferous forest.  

 

We also observed a number of relationships between habitat composition and spring-summer 

home range size (Table 3.6). As in fall-winter, smaller home ranges contained proportionately 

more coverage of clearcuts. Conversely, larger home ranges of both males and females contained 

proportionately more deciduous forests and forests lacking an evergreen understory. As in 

winter, a number of variables relating to the density of access routes were inversely related to 

home range size and again the density of all access routes combined showed the strongest 

relationship. Finally, on sites having oak-hickory forests, smaller female home ranges contained 

a larger proportion of mesic bottomlands (TMI). No such relationship was observed on study 

sites having mixed mesophytic forests. 

 

Prior to specifying our multivariate models we eliminated a number of candidate variables due to 

correlations with other variables. Young clearcut (YCC) and old clearcut (OCC) were dropped in 

favor of all clearcuts combined (CC), while total edge density (TED) and other variables related 

to roads (Road, Unpvd_rd, Drt_rd, and All_clsd) were dropped in favor of all access routes 

combined (Acs). Finally, there was an inverse correlation between the proportion of clearcut in 

home ranges and proportions of both deciduous forests (Decid) and forests without evergreen 

understories (NEU). Deciduous forests and forests without evergreen understories could both be 
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considered the landscape matrix and increased to levels approaching the landscape average as 

home range size increased. Consequently, we assumed that the correlations we observed were an 

indirect consequence of grouse selecting less abundant cover types, particularly clearcuts, and so 

dropped the Decid and NEU variables.  

 

Models we created to explain variation in fall-winter home range size provided insight into the 

multivariate nature of ruffed grouse home range selection (Table 3.7). In addition to differences 

between forest types, study sites (nested within forest type), and sexes and ages (see Table 3.2), 

our “best” model included relationships with several continuous variables. Percent coverage of 

clearcuts varied with home range size, however there was an interaction between SexAge and 

clearcuts; coverage of clearcuts was inversely related to home range size for male grouse (β = –

0.0109 ± 0.0021), but was unrelated to home range size for females (β = 0.0000 ± 0.0028) 

(Parameter estimates are based on [ln-transformed] home ranges, measured in m2). Density of 

access routes was inversely related to home range size for all sex and age classes (β = –0.0039 ± 

0.0015). An interaction between SexAge and fall trapping success resulted from the strong 

positive association between trapping success and home range size for juvenile male grouse (β = 

0.32 ± 0.11), compared to the lack of any such relationship for other sex and age classes. Finally, 

this model included a three-way interaction between hard mast crops, SexAge class, and forest 

type. This resulted from the strong inverse relationship between home range size and mast crops 

for adult grouse on sites having oak-hickory forests (β = -0.082 ± 0.021), compared with the lack 

of a similar relationship for juvenile grouse in either forest type or for adult grouse in mixed 

mesophytic forests.  

 

Our “best” model of spring-summer home range size for female grouse included effects of forest 

type and study sites nested within forest types (Tables 3.3, 3.8, and 3.9). Unlike best fall-winter 

models, this model indicated that during spring-summer female home range size was inversely 

related to proportional coverage of clearcuts (β = -0.0100 ± 0.0034). This model also included a 

term for density of access routes within home ranges, but the effect was weak (β = -0.0038 ± 

0.0030). Mast crops from the preceding fall continued to influence female home range size 

during spring-summer (β = -0.046 ± 0.027). Though our best models did not include an 

interaction between forest type and mast crops, when tested a posteriori this relationship was 
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still much stronger for females in oak-hickory forests (β = -0.077 ± 0.035) than those inhabiting 

mixed mesophytic forests (β = -0.014 ± 0.040). As in our paired tests (Table 3.4), female grouse 

in mixed mesophytic forests used much smaller spring-summer home ranges if they failed to 

successfully rear a brood (11.74 ± 0.13 vs. 12.34 ± 0.12). However there was an interaction with 

forest type, as no comparable difference in home range size was observed between unsuccessful 

and successful hens in oak-hickory forests (12.32 ± 0.12 vs. 12.20 ± 0.14, respectively). Finally, 

there was also an interaction between forest type and the influence of mesic bottomlands. This 

interaction resulted from the inverse relationship between percent cover of mesic bottomlands 

and home range size in oak-hickory forests  (β = -0.0164 ± 0.0074), compared to the lack of any 

such relationship on sites having mixed mesophytic forests (β = -0.0027 ± 0.0047). 

 

Differences between forest types did not factor strongly in our set of “best” models for spring-

summer home range size of male grouse (Tables 3.8 and 3.9). However site-level differences 

continued to be important, and juvenile males continued to use larger home ranges than adult 

males (Tables 3.3 and 3.8). The only other factor that consistently appeared in best models of 

spring-summer home range size of male grouse was percent cover of clearcuts within home 

ranges (β = -0.0066 ± 0.0025). However, there was some suggestion of an age difference, with 

this relationship with clearcuts being stronger for adults than for juveniles (βadult = -0.0089 ± 

0.0030, βjuvenile = -0.0037 ± 0.0047). Density of access routes also was included in the majority of 

models in the best model set (Tables 3.8 and 3.9), and again there was evidence of an age effect. 

However in this case there was a stronger relationship for juvenile males than for adult males 

(βadult = -0.0004 ± 0.0022, βjuvenile = -0.0066 ± 0.0039). 

 

A significant Phase×Treatment interaction indicated that home range size of grouse was reduced 

following closure of hunting on treatment sites (Tables 3.10 and 3.11, Figure 3.4). This response 

was consistent across treatment sites and sex and age classes, regardless of hard mast crops.  

 

Female ruffed grouse having smaller fall-winter home ranges were more likely to raise broods to 

5 weeks post-hatch during the subsequent breeding season (n = 159, ∆i = 2.61, Wald χ2 = 4.43, P 

= 0.035, Concordance = 59.6%, Discordance = 39.8%, Ties = 0.6%). Expanded models 
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incorporating study site, age, and mast index were tested but yielded no appreciable change in 

interpretation of the relationship between home range size and reproductive success. 

 

Finally, to test for landscape-scale relationships, we carried out exploratory comparisons 

between mean home range size during both spring-summer and fall-winter and the mean extent 

of clearcuts, stands having evergreen understories, mesic bottomlands (TMI), and access routes 

on each study site. There was no clear relationship between the extent of these habitat features in 

landscapes and mean home range size for any sex or age class in either season.  

 

DISCUSSION 

 

Habitat selection is a process, not a pattern (Jones 2001), and our findings make it clear that, in 

terms of ruffed grouse home range size, it is a complex multivariate process. Factors we 

identified as being associated with variation in home range size included individual traits, 

resource availability, population density, habitat structure, and hunting pressure. Further, the 

suite of factors that were important differed by forest type, season, and the sex and age of an 

individual grouse.  

 

Individual traits had an important influence on ruffed grouse home range size. As has been 

reported previously, juvenile male grouse used larger home ranges than adult males, and females 

occupied larger ranges than males (Archibald 1975, Thompson 1987, Clark 2000, Fearer and 

Stauffer 2003). Though there was some evidence of an effect of age on fall-winter home range 

size of females, this pattern was inconsistent across sites. Females with broods had relatively 

large home ranges, but loss of a brood allowed them to restrict their movements to the smallest 

home ranges we observed for females at any time; this was the only circumstance where female 

home range sizes were comparable to those of adult males (Table 3.4; see also Maxson 1978).  

 

Size of hard mast crops had a strong inverse relationship with fall-winter home range size for 

adult grouse in oak-hickory forests. In contrast, hard mast crop size showed little influence on 

fall-winter home range size of grouse inhabiting mixed mesophytic forests (Tables 3.4, 3.5, and 

3.7). This suggests important differences in the nutritional ecology of the species by forest type, 
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and that mast is likely a limiting resource in oak-hickory forests (see also Oak-hickory and 

Mixed Mesophytic Forests, below). The continued influence of fall hard mast crops on spring-

summer home range size for female grouse on oak-hickory sites was surprising. Presumably 

most hard mast from the preceding fall has either been consumed or germinated by late spring, 

leading us to speculate that either the influence of mast crops on home range size occurs early in 

spring in the form of reduced prenesting movements, or that females are able to carry some 

benefit of good mast crops, such as higher body fat reserves, well into the breeding season. 

 

Though largely solitary, ruffed grouse do not occupy their environment independently of one 

another. Juvenile males greatly increased the size of their fall-winter home ranges during years 

when population densities were high (as indicated by high trapping success), suggesting that they 

are in direct competition with conspecifics for territories. In agreement with this, Gullion (1981) 

reported that the proportion of nonterritorial males (primarily juveniles) in grouse populations 

was positively correlated with population size. No other sex or age class adjusted home range 

sizes in response to population density.  

 

Prevalence of some habitat types was inversely associated with home range size. There are two 

related explanations for increased representation of a habitat type in smaller home ranges. First, 

if the habitat type is rare and animals preferentially center their home ranges on it, small home 

ranges will inevitably encompass a lesser proportion of background (matrix) habitat. In line with 

this reasoning, the three habitat types showing the strongest relationship with home range size, 

clearcuts, access routes, and mesic bottomlands, were all selected by ruffed grouse on our study 

sites (see Chapter 4). Second, the feature may represent high quality habitat that allows an 

individual to meet its resource needs within a smaller area. If, as one might predict, habitat types 

that grouse select are in fact of high quality, then both of these reasons would hold true.  

 

Smaller female spring-summer home ranges in oak-hickory forests contained a greater 

proportion of hollows and mesic bottomlands. Bottomlands have been identified as preferred 

brood habitat in studies conducted in the southern portion of the species’ range, and associated 

understory vegetation may afford broods with foraging and escape cover not found on the more 

xeric uplands in oak-hickory forests (Stewart 1956, Thompson et al. 1987, Fettinger 2002). For 
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all sex and age classes we observed an increase in proportional cover of clearcuts in smaller 

home ranges, as well as increased densities of access routes (roads and trails). It is well known 

that ruffed grouse preferentially select dense early successional stands, and is generally assumed 

that these serve as escape cover (Bump et al. 1947, Rusch et al. 2000). Supporting this notion, 

recent research has found that survival was higher for grouse whose home ranges contained more 

early successional cover (Clark 2000). Correlation between the proportion of clearcuts and 

density of access routes within home ranges was low (r = 0.18), so we do not feel that the 

relationship between road density and home range area resulted simply from an association 

between forest roads and clearcuts. Edges along access routes are a preferred cover for grouse in 

the Appalachian Mountains (Schumacher 2002; Chapter 4), providing abundant herbaceous 

groundcover and invertebrate foods, as well as grit for digestion (see also Hollifield and 

Dimmick 1995, Rusch et al. 2000). However, it has also been suggested that forest edges, such 

as those created by roadways, act as secondary habitat and are used more extensively when early 

successional stands are unavailable (Bump et al. 1947, Gullion 1984; Chapter 4). This would 

account for the fact that adult male home ranges were strongly influenced by clearcuts, while 

juvenile males responded more strongly to access routes, as territorial adult males may be 

excluding juveniles from the higher quality early successional habitats (Small 1985). 

 

In contrast, some habitat features were more prevalent in larger home ranges. During fall-winter 

deciduous forests (DECID), evergreen understory forests (EU), and, for females, coniferous 

forest (CONIF), were more prevalent on large home ranges. During summer deciduous forest 

and forests lacking an evergreen understory (NEU) were more prevalent in large home ranges. 

Cover types that are proportionately more common in larger home ranges likely represent low 

quality or non-preferred habitat, and this increase occurs as proportions approach background 

levels in larger, less selective home ranges. This was almost certainly the case with deciduous 

forests and forests lacking evergreen understories which, represented >80% of canopy and 

understory cover on our study sites, and could be considered as matrix habitat (sensu Forman 

1997). Proportions of this cover type showed a strong inverse correlation with proportion of 

clearcuts within home ranges, and thus became more prevalent as the proportional representation 

of (preferred) clearcuts declined in larger home ranges.  
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An alternative explanation for increased representation of a cover type in large home ranges is 

that size increased due to a change in habitat selection in response to unfavorable conditions. 

During winters following poor hard mast crops grouse home ranges increased in size on sites 

having oak-hickory forests (Table 3.7), and in the absence of hard mast grouse consume large 

amounts of mountain laurel leaves (Servello and Kirkpatrick 1987). Thus the increase in 

proportions of evergreen understory forests in larger home ranges may have resulted from a 

dietary shift following mast failure. We included a Mast×EU interaction in several of our 

multivariate models to incorporate this hypothesized relationship, but found little evidence to 

support it (Tables 3.7 and 3.9). However, our inability to classify rare forest types accurately 

likely prevented us from adequately addressing relations between these features and home range 

size, so any related findings should be viewed with caution. 

 

Even after inclusion of the above-mentioned variables, site level effects still typically had a large 

influence on home range size. Some of this may relate to site-level measurement errors (e.g., 

topography affecting telemetry error; Chapter 1). However some variables seemed to account for 

a portion of the site-level variation in our data, as their importance was reduced in models that 

included study site. These include proportion of evergreen understory in home ranges and 

density of access routes. However, that home range size was unrelated to the overall extent of a 

habitat type in the landscape suggests that habitat available within a grouse’s immediate 

surroundings is more important than the general availability of that feature. Perhaps this should 

be expected; animals do not settle at random across landscapes, but rather seek out localities 

affording favorable conditions. Thus the extent of an important habitat feature in a landscape 

should be better correlated with landscape-level selection for that feature (see Chapter 4) or the 

density of individuals the landscape supports (e.g., Wiggers et al. 1992), rather than the home 

range size of individuals within the landscape. Put another way, animals adjust their home range 

size to suit their immediate surroundings rather than average conditions across the landscape. 

 

Selective Pressures Affecting Home Range Size 

A central issue in the study of home ranges is the relationship between range size and Darwinian 

fitness, which is maximized through optimizing the combined probabilities of survival and 

successful reproduction. It seems logical to think that individuals occupying smaller areas will 
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experience reduced encounter rates with predators and competitors, be more familiar with escape 

and foraging cover, and expend less energy and time in transit (Badyaev et al. 1996, Powell 

2000). However stationary individuals also may forgo opportunities to locate and occupy higher 

quality alternate home ranges and have lower encounter rates with potential mates. Consequently 

we may expect the factors affecting the size of an individual’s home range to change depending 

on the individual’s immediate resource needs, its social status, and its experience level (Badyaev 

et al. 1996). We did not investigate the effect of home range size on survival probability, though 

other studies have reported higher survival for ruffed grouse occupying smaller home ranges 

(Thompson and Fritzell 1989, Clark 2000). However, our results did indicate that female grouse 

occupying smaller home ranges during fall-winter were more likely to reproduce successfully 

during the following summer. Thus the general premise that individuals occupying smaller home 

ranges have higher fitness appears to hold for ruffed grouse. 

 

In keeping with the idea that grouse should occupy the smallest adequate home range, our 

analyses indicate that adult grouse attempt to minimize home range size. Hard mast is a high 

quality food resource, and adult grouse in oak-hickory forests reduced the size of their fall-winter 

home ranges ≈ 60% following good hard mast crops (Tables 3.4 and 3.5). Regardless of hard 

mast crops, in mixed mesophytic forests, where reliable alternate foods are widely available, 

adult grouse home ranges were comparable in size to those used by grouse in oak-hickory forests 

during good mast years (Table 3.4). Females used larger home ranges when rearing broods, 

presumably due to the increased resource needs of the brood. However grouse experiencing 

reproductive failure reduced home range size ≈ 60% (Table 3.4), and in oak-hickory forests 

females with broods continued to use smaller home ranges during summers following good fall 

hard mast crops. Resource needs are likely lowest for males during summer, and these 

individuals occupied the smallest home ranges we observed. Further, our models suggested that 

during summer male home ranges were relatively unaffected by environmental variation (Tables 

3.7 and 3.8).  

 

Social pressures and the need to identify and occupy a high quality home range suggest that, as 

observed, juvenile male grouse should range widely compared to adults. While this was true, our 

observations indicate that even with these pressures juveniles attempt to minimize home range 
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size. Male grouse aggressively defend drumming logs, and established adults occupy a preferred 

subset of these display sites (Gullion and Marshall 1968). Consequently, when population 

densities are high juvenile males likely have to range farther and monitor a greater number of 

occupied sites to obtain a preferred drumming site (Marshall 1965, Archibald 1976, Gullion 

1981). The strong positive relationship we observed between fall trapping success and fall-winter 

home range size of juvenile males suggests that this is indeed the case (Tables 3.5 and 3.7). 

Anecdotal behavioral observations also support the view that juvenile males are continually 

monitoring their neighbors and prospecting for available high quality drumming sites. On two 

occasions established adult males we were tracking were killed during fall, and nearby radioed 

juveniles abandoned their home ranges and relocated to the vacant display site within 48h 

(ACGRP, unpublished data); similar observations have been reported elsewhere (Marshall 1965; 

see also Rusch and Keith 1971).  

 

In an effort to maximize their fitness most animals reduce risk under increased predator pressure 

by reducing movements and increasing refuging behavior (Lima 1998). In contrast, our test of 

the effect of hunting on home range size indicated that grouse reduced their home ranges when 

hunting pressure was removed (Tables 3.10 and 3.11, Figure 3.4). In an observational study, 

Clark (2000) reported a similar response by ruffed grouse in Michigan, and increased movement 

under hunting pressure has also been reported in wild turkey (Meleagris gallopavo) and black 

ducks (Anas rubiripes; Hoffman 1991, Clugston et al. 1994). This contrast between the response 

of game species to hunting pressure and the typical response of animals to predation risk is 

striking. We hypothesized that hunters, who typically focus their efforts on preferred habitat 

patches (e.g., Kilgo et al. 1998, Lyon and Burcham 1998, Brøseth and Pedersen 2000), may 

cause animals to abandon these areas in favor of lower quality cover types, and thereby interfere 

with normal refuging behavior. Subsequent tests revealed that grouse made increased use of 

“preferred” covers following closure of hunting, offering support to this hypothesis (Chapter 4). 

Also, if hunters flush animals repeatedly they may cause a net increase in movements and home 

range size, even if animals are attempting to reduce their activity levels. Under either scenario, 

this response could lead to indirect negative effects of hunting on grouse, including reduced 

condition and increased predation rates, both of which would exacerbate the effect of hunting on 

populations.  
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Oak-hickory and Mixed Mesophytic Forests  

One of our most striking findings is the difference in habitat ecology between ruffed grouse 

inhabiting oak-hickory forests and those inhabiting mixed mesophytic forests. This said there 

was little difference in the average size of home ranges in these two forest types (Tables 3.2 and 

3.3). Previously authors have suggested that ruffed grouse in Appalachian forests are under 

strong nutritional constraint, where availability of sufficient hard mast foods may be important 

for maintenance of body condition through winter and subsequent reproductive success (Norman 

and Kirkpatrick 1984, Servello and Kirkpatrick 1988). The association between hard mast crops 

and home range size, which was more influential than any other relationship we identified for 

grouse inhabiting oak-hickory forests (Tables 3.4, 3.5, 3.7, and 3.9), provides strong evidence 

that hard mast is a key limiting resource. This increase in home range size following poor hard 

mast crops also suggests that availability of this resource has important consequences for 

predation rates. This, combined with possible effects of condition on reproductive success, 

supports the hypothesis that fall hard mast crops may regulate grouse populations in Appalachian 

oak-hickory forests. Given the strength of the relationship between mast crops and home range 

size in oak-hickory forests, it is interesting that grouse in mixed mesophytic sites were relatively 

unresponsive to variation in hard mast crops. In northern forests at the core of the species range, 

grouse feed heavily on buds of aspen, cherries and birch during winter, and these provide a 

reliable and accessible source of high quality food (Servello and Kirkpatrick 1987). This leads us 

to speculate that the higher abundance of these tree species, particularly birch and cherry, in 

mixed mesophytic forest types (Figure 3.2) buffers any response by grouse to changing mast 

crops by providing a stable, accessible supply of high quality alternate food during winter (see 

also Servello and Kirkpatrick 1987). In contrast, alternate foods in oak-hickory forests consist 

largely of low quality evergreen leaves (Servello and Kirkpatrick 1987, Hewitt and Kirkpatrick 

1997).    

 

The inverse relationship between use of mesic bottomlands and female home range size in 

spring-summer suggests that these areas provide preferred brood rearing habitat in oak-hickory 

forests. Other studies have found that grouse broods in southern portions of the species range 

select lower slope positions and riparian zones (Stewart 1956, Thompson et al. 1987, Fettinger 
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2002; Chapter 4). Researchers have also found that females with broods selected stands having 

well developed herbaceous groundcover and high insect biomass (Haulton et al. 2003, Fettinger 

2002), which together constitute the majority of the diet of grouse chicks (Rusch et al. 2000). 

Upland soils in oak-hickory forests are typically xeric and support little herbaceous understory 

vegetation, suggesting a mechanism for the association of smaller female home ranges with 

bottomlands. In contrast, uplands in mixed mesophytic forests typically have mesic soils and 

support well developed understory vegetation (Braun 1950), presumably relaxing this constraint.  

 

Our findings suggest that habitat management for ruffed grouse in Appalachian forests should be 

tailored to the forest type in the management area. In oak-hickory forests, harvesting strategies 

that promote or maintain mast production within or adjacent to high stem density escape cover 

should provide the highest quality habitats (see also Thompson and Dessecker 1997). This might 

be best achieved by retaining good mast producing trees in the overstory of management units, 

either through group selection cutting or retention of mature trees in larger cuts (see Chapter 6). 

Thinning has been shown to increase masting by residual canopy trees, so the latter approach 

may best afford the combined benefit of providing high quality food in association with escape 

cover (Thompson and Dessecker 1997, Healy 2002). Further, the importance of clearcuts and 

mesic soils for females during the breeding season suggests that creation of early successional 

habitats in bottomlands may provide the highest quality brood habitat in oak-hickory forests. In 

contrast, our observation suggest that more traditional ruffed grouse habitat management, 

focusing on creation of even-aged early successional habitats, edges, and vegetated roadsides 

may be most appropriate in mixed mesophytic forests in the region.  
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Table 3.1. Variables tested as predictors of 75% home ranges size for ruffed grouse on ACGRP 

study sites. 

Variable Description 
  
Acs Density of access routes (ROAD + TRAIL; m/ha) 
Ag Agricultural and open lands (% of home range) 
Age Hatch-year (juvenile) or after-hatch-year (adult) 
Brood Whether or not the female produced ≥1 chick to ≥5 weeks post-hatch that summer 
CC All Clearcuts (YCC + OCC; % of home range) 
Conif Coniferous forests (% of home range) 
CWED Contrast Weighted Edge Density (m/ha)a 

Decid Deciduous forests (% of home range) 
Dist Urban and other disturbed habitat types (% of home range) 
Drt_rd Density of dirt roads (m/ha) 
ED Edge Density (m/ha)a 

EU Forests having evergreen understories (% of home range) 
For Forest association: Oak-hickory or Mixed Mesophytic 
Mast Index of hard mast production by chestnut, red/black, and white oaks and beech 
Mix Mixed coniferous-deciduous forests (% of home range) 
NEU Forest without evergreen understories (% of home range) 
OCC Old clearcuts (10–20 years post-harvest; % of home range) 
Pvd_rd Density of paved roads (m/ha) 
Road Density of all road classes combined (m/ha) 
Sex Male or female 
SA Sex and age classes combined to create four classes (AM, AF, JM, JF) 
Site ACGRP study site (n = 10) 
Site(For) ACGRP study site nested within forest association 
TECI Total Edge Contrast Indexa 

TED Total Edge Density = CWED + ROAD (m/ha) 
TMI Topographic Moisture Index; landforms favoring moist soils (% of home range) 
Trail Density of trails (m/ha) 
Trap Fall trapping success (captures per 100 trap nights) 
Unpvd_rd Density of all unpaved roads (DRT_RD + VEG_RD; m/ha) 
Veg_rd Density of seeded roads (m/ha) 
YCC Young clearcuts (< 10 years post harvest; % of home range) 
  
a See McGarigal and Marks (1995) for a detailed description of landscape metrics.
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Table 3.2. Mean extent (ha) of 75% fixed kernel home ranges occupied by ruffed grouse during 

fall-winter at ten study sites across the central Appalachians, 1996–2001 (see Figure 3.1).  

 
Forest type Juvenile Females Adult Females Juvenile Males Adult Males 

    Study site n Mean ± SE n Mean ± SE n Mean ± SE n Mean ± SE 
         
Oak-hickory         

    KY1 5 42.8 ± 9.7 8 46.3 ± 13.2 5 51.8 ± 24.1 17 13.6 ± 1.9 

    RI1 2 6.6 ± 4.0 2 23.8 ± 16.4 4 10.0 ± 2.8 12 13.2 ± 2.7 

    VA1 7 37.7 ± 9.4 15 33.9 ± 5.4 15 18.1 ± 3.2 24 7.6 ± 0.6 

    VA2 5 21.4 ± 4.1 15 23.0 ± 4.9 6 17.1 ± 4.4 17 7.2 ± 1.1 

    WV2 24 55.0 ± 13.4 54 33.7 ± 4.8 28 51.6 ± 11.6 58 20.4 ± 2.8 

       All OH sites a 5 32.7 ± 8.5 5 32.1 ± 4.2 5 29.7 ± 9.1 5 12.4 ± 2.4 
         
Mixed mesophytic         

    MD1 10 25.9 ± 7.1 12 12.1 ± 1.2 13 26.1 ± 7.9 26 13.4 ± 2.7 

    NC1 0 - 3 18.4 ± 6.6 0 - 1 7.7 ± 0.0 

    PA1 20 20.5 ± 3.6 17 23.3 ± 4.7 3 28.7 ± 7.4 8 13.4 ± 2.8 

    VA3 6 21.0 ± 6.2 12 10.0 ± 1.5 5 14.9 ± 6.4 20 9.7 ± 1.5 

    WV1 16 37.0 ± 5.0  62 37.4 ± 3.7 24 34.8 ± 6.2 66 16.1 ± 1.3 

       All MM sites a 4 26.1 ± 3.8 5 20.2 ± 4.9 4 26.1 ± 4.2 5 12.1 ± 1.5 
         
All sites a 9 29.8 ± 4.9  10 26.2 ± 3.6 9 28.1 ± 5.1 10 12.2 ± 1.3 
         
a Mean of the mean values for each site. 
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Table 3.3. Mean extent (ha) of 75% fixed kernel home ranges occupied by ruffed grouse during 

spring-summer at ten study sites across the central Appalachians, 1996–2001 (see Figure 3.1).  

 
Forest type Juvenile Females Adult Females Juvenile Males Adult Males 

    Study site n Mean ± SE n Mean ± SE n Mean ± SE n Mean ± SE 
         
Oak-hickory         

    KY1 7 77.0 ± 53.0 10 24.0 ± 5.5 6 14.8 ± 3.5 10 12.8 ± 3.4 

    RI1 1 7.7 ± 0.0 2 17.5 ± 4.7 1 8.2 ± 0.0 5 8.1 ± 2.9 

    VA1 4 40.8 ± 11.7 8 33.3 ± 9.9 7 11.3 ± 4.4 17 7.2 ± 1.1 

    VA2 5 13.6 ± 1.8 6 29.0 ± 7.3 2 6.3 ± 3.7 9 4.7 ± 0.8 

    WV2 20 27.1 ± 4.1 40 27.8 ± 4.6 14 20.5 ± 4.9 17 16.0 ± 2.4 

       All OH sites a 5 33.2 ± 12.3 5 26.3 ± 2.7 5 12.2 ± 2.5 5 9.8 ± 2.0 
         
Mixed mesophytic         

    MD1 7 10.5 ± 3.7 6 17.7 ± 6.5 4 14.1 ± 6.1 10 5.5 ± 0.9 

    NC1 1 28.2 ± 0.0 9 14.7 ± 16.3 1 5.3 ± 0.0 8 9.9 ± 1.4 

    PA1 13 23.2 ± 5.9 11 29.6 ± 7.5 0 - 0 - 

    VA3 6 13.1 ± 4.7 14 13.7 ± 2.6 8 8.2 ± 2.0 8 3.9 ± 0.6 

    WV1 17 35.8 ± 8.4 44 37.8 ± 6.7 15 18.3 ± 4.8 34 12.1 ± 1.8 

       All MM sites a 5 22.2 ± 4.7 5 22.7 ± 4.7 4 11.5 ± 2.9 4 7.9 ± 1.9 
         
All sites a 10 27.7 ± 6.5 10 24.5 ± 2.6 9 11.9 ± 1.8 9 8.9 ± 1.4 
         
a Mean of the mean values for each site. 
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Table 3.4. Change in home range area (ha) for individual Appalachian grouse between years, 1996–2001. Difference in size between 

pairs of 75% fixed kernel home ranges coming from the same individual in different years were used to test the null hypothesis that the 

mean difference in home range area did not differ from zero (paired t test).  

 
 Condition 1  Condition 2     

Class   Feature Mean ± SE Feature Mean ± SE n Diff.  ± SE t P 

Fall-winter home ranges          

     

     

      

      

     

      
          

         

     

     

      
          

Males Juvenile 38.6 ± 8.2 Adult 19.0 ± 2.7 37 19.6 ± 6.5 3.00 0.005

Females Juvenile 29.9 ± 5.8 Adult 17.4 ± 3.5 17 12.5 ± 6.6 1.89 0.076

Adult males, MMa Low mast 10.0 ± 1.1 High Mast 11.6 ± 1.6 23 -1.6 ± 1.5 1.08 0.290

Adult males, O-Ha Low mast 22.3 ± 6.7 High Mast 7.3 ± 1.4 17 15.0 ± 7.0 2.15 0.047

Adult females, MMa Low mast 22.5 ± 3.0 High Mast 23.7 ± 3.9 21 -1.2 ± 3.6 0.32 0.750 

Adult females, O-Ha Low mast 51.6 ± 11.7 High Mast 19.7 ± 1.7 16 31.9 ± 12.5 2.56 0.022

Spring-summer home ranges 

Males Juvenile 22.4 ± 3.2 Adult 11.8 ± 1.8 15 10.6 ± 3.6 2.96 0.010

Females Juvenile 27.9 ± 6.3 Adult 49.1 ± 14.2 13 -21.1 ± 14.7 1.44 0.180

Femalesb Failed 14.8 ± 4.3 Successful 39.2 ± 11.2 12 -24.4 ± 10.2 2.39 0.036

          

a MM = study sites having Mixed Mesophytic forests (MD1, NC1, PA1, VA3, WV1); O-H = sites having Oak-hickory forests (RI1, 
WV2, VA1, VA2, KY1). 
b Females were considered successful if they raised ≥ 1 chick to at least 5 weeks of age. 
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Table 3.5. Results of tests of the influence of individual variables on fall-winter home range size of ruffed grouse on ACGRP study sites 

(1996–2001). Variables not found to influence home range size are not reported (see Table 3.1 for a full list of variables tested). The 

response variable in all models was the natural log-transformed size of the 75% fixed kernel home range (m2). 

 
Modela Sitesb Classc n SSE K AICc ∆i R2 R2

adj ∆ R2
adj Coefficient ± SEd 

Y = β0 + SITE All          

          

          

          

          

          

          

          

          

          

          

          

          

          

          
            

All 556 436.5 11 -112.1 39.4 0.099 0.084 0.084 - 

Y = β0 + Site + SEXAGE All All 556 375.8 14 -189.1 77.0 0.224 0.207 0.123 - 

Y = β0 + Site + Age + DECID All M 296 160.0 12 -157.1 31.3 0.293 0.265 0.079 0.0117 ± 0.0021 

Y = β0 + Site + Sex + MAST O-H A 222 130.1 8 -101.9 21.6 0.323 0.304 0.075 -0.0909 ± 0.0184 

Y = β0 + Site + SexAge + CC All All 541 327.9 15 -240.0 20.3 0.262 0.244 0.031 -0.0079 ± 0.0017 

Y = β0 + Site + SexAge + EU All All 541 330.5 15 -235.7 16.0 0.256 0.238 0.025 0.0168 ± 0.0040 

Y = β0 + Site + SexAge + YCC All All 541 335.2 15 -228.1 8.5 0.245 0.227 0.017 -0.0086 ± 0.0027 

Y = β0 + Site + TRAP All JM 95 69.6 11 -4.3 7.9 0.237 0.156 0.088 0.3384 ± 0.1074 

Y = β0 + Site + SexAge + OCC All All 541 336.3 15 -226.3 6.7 0.243 0.224 0.011 -0.0056 ± 0.0019 

Y = β0 + Site + Age + CONIF All F 245 147.8 13 -96.2 5.8 0.189 0.151 0.025 0.0232 ± 0.0084 

Y = β0 + Site + SexAge + ACS All All 535 335.1 15 -219.4 5.7 0.236 0.217 0.012 -0.0042 ± 0.0015 

Y = β0 + Site + SexAge + TED All All 535 335.4 15 -218.9 5.2 0.235 0.216 0.011 -0.0023 ± 0.0009 

Y = β0 + Site + SexAge + ROAD All All 535 336.6 15 -216.9 3.3 0.232 0.213 0.008 -0.0036 ± 0.0016 

Y = β0 + Site + SexAge + UNPVD_RD All All 535 336.7 15 -216.9 3.2 0.232 0.213 0.008 -0.0037 ± 0.0016 

Y = β0 + Site + TRAP All AF 188 108.2 12 -78.2 2.2 0.162 0.114 0.015 0.1088 ± 0.0528 

            

a The variable  of interest in each model is indicated by italicized capital letters. ∆i and ∆R2
adj values for these models were calculated as 

the improvement in the model fit to that same data set resulting from the inclusion of the variable of interest.  
b Study sites to which the model applies; All = all sites; O-H = only sites having oak-hickory forest types (RI1, WV2, VA1, VA2, KY1).  
c Class to which the model applies; A = Adult; AF = Adult Female; F = Female; JM = Juvenile Male. 
d Coefficient for the variable of interest in each model; only reported for continuous variables. 
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Table 3.6. Results of tests of the influence of individual variables on spring-summer home range size of ruffed grouse on ACGRP study 

sites (1996–2001). Variables not found to influence home range size are not reported (see Table 3.1 for a full list of variables tested). The 

response variable in all models was the natural log-transformed size of the 75% fixed kernel home range (m2). 

 
Modela Sitesb Classc n SSE K AICc ∆i R2 R2

adj ∆ R2
adj Coefficient ± SEd 

 
Y = β0 + SITE All           

           

          

          

          

          

          

          

          

          

          

          

          

          

          
           

All 360 273.3 11 -76.4 25.7 0.116 0.093 0.093 -

Y = β0 + Site + SEX All All 360 231.2 12 -134.5 58.1 0.252 0.231 0.138 -

Y = β0 + Site + Sex + DECID All All 372 225.3 13 -159.5 16.4 0.279 0.257 0.036 0.0087 ± 0.0020 

Y = β0 + Site + Sex + CC All All 372 226.3 13 -157.9 14.8 0.276 0.254 0.033 -0.0082 ± 0.0020 

Y = β0 + Site + TMI O-H F 90 50.9 7 -35.9 12.9 0.188 0.140 0.146 -0.2560 ± 0.0065 

Y = β0 + Site + Sex + NEU All All 372 227.6 13 -155.7 12.6 0.272 0.250 0.029 0.0079 ± 0.0021 

Y = β0 + Site + Sex + ACS All All 371 225.8 13 -157.3 10.2 0.274 0.252 0.023 -0.0060 ± 0.0017 

Y = β0 + Site + Sex + ROAD All All 371 226.4 13 -156.2 9.1 0.272 0.250 0.021 -0.0059 ± 0.0018 

Y = β0 + Site + Sex + UNPVD_RD All All 371 227.7 13 -154.2 7.1 0.268 0.245 0.016 -0.0053 ± 0.0018 

Y = β0 + Site + Sex + TED All All 371 227.8 13 -153.9 6.8 0.267 0.245 0.016  -0.0031 ± 0.0010 

Y = β0 + Site + Sex + DRT_RD All All 371 228.3 13 -153.2 6.1 0.266 0.243 0.014 -0.0055 ± 0.0019 

Y = β0 + Site + Sex + YCC All All 372 231.7 13 -149.1 6.0 0.259 0.236 0.015 -0.0092 ± 0.0033 

Y = β0 + Site + Sex + OCC All All 372 232.4 13 -147.9 4.8 0.257 0.234 0.013 -0.0060 ± 0.0023 

Y = β0 + Site + MAST O-H F 103 68.0 7 -27.5 3.7 0.085 0.038 0.038 -0.0788 ± 0.0327 

Y = β0 + Site + BROOD 
 

All F 198 142.1 13 -37.6 1.7 0.124 0.077 0.025 - 

           

a The variable  of interest in each model is indicated by italicized capital letters. ∆i and ∆R2
adj values for these models were calculated as 

the improvement in the model fit to that same data set resulting from the inclusion of the variable of interest.  
b Study sites to which the model applies; All = all sites; O-H = only sites having oak-hickory forest types (RI1, WV2, VA1, VA2, KY1).  
c Class to which the model applies; F = Females; M = Males. 
d Coefficient for the variable of interest in each model; only reported for continuous variables. 

 



     
D

arroch M
. W

hitaker 
 

 
C

hapter 3. Ruffed G
rouse H

om
e Range Size  

 
86 

  

 

Table 3.7. Models explaining variation in fall-winter home range size of Appalachian ruffed grouse (1996–2001). In total 37 models were 

tested (see Appendix A, Table A.1); only “best” models having Akaike weights (ωi) ≥ 0.05 are presented. All “best” models were 

significant at P < 0.0001. 

 
Model n SSE K AICc ∆i ωi R2 R2

adj 

         
Y = β0 + For + Site(For) + SA + CC + Acs + Mast + Trap + (CC×SA) + (Trap×SA) + (Mast×For) 

+ (SA×For) + (Mast×SA) + (Mast×SA×For) + ε 502        

        

        

        

        

        

        
        

272.9 33 -235.1 0.0 0.31 0.334 0.290

Y = β0 + For + Site(For) + SA + CC + Acs + Mast + EU + ε 502 293.3 17 -234.6 0.5 0.24 0.284 0.262
Y = β0 + For + Site(For) + SA + CC + Acs + Mast + (Mast×For) + (SA×For) + (Mast×SA) + 

(Mast×SA×For) + ε 502 282.2 26 -234.3 0.9 0.20 0.311 0.277

Y = β0 + For + Site(For) + SA + CC + Acs + Mast +  (CC×SA) + (Mast×For) + (SA×For) + 
(Mast×SA) + (Mast×SA×For) + ε 

502 279.5 29 -232.3 2.9 0.08 0.318 0.279

Y = β0 + For + Site(For) + SA + CC + Acs + Mast + Trap + (Trap×SA) + (Mast×For) + (SA×For) 
+ (Mast×SA) + (Mast×SA×For) + ε 502 278.4 30 -232.1 3.1 0.07 0.321 0.280

Y = β0 + For + Site(For) + SA + CC + Acs + Mast +  Trap + Conif + EU + (CC×SA) + (Acs×SA) 
+ (Trap×SA) + (Conif×SA) + (Mast×For) + (SA×For) + (Mast×SA) + (Mast×SA×For) + ε 502 264.9 41 -231.4 3.7 0.05 0.353 0.299

Y = β0 + ε       (null model) 502 409.7 2 -98.0 137.2 0.00 0.000 0.000
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Table 3.8. Models explaining variation in spring-summer home range size of Appalachian ruffed grouse (1996–2001). In total we tested 

29 models for females and 28 models for males (see Appendix A, Tables A.2 and A.3);  only “best” models having Akaike weights (ωi) ≥ 

0.05 are presented. All “best” models were significant at P < 0.0001. 

 
Model n SSE K AICc ∆i ωi R2 R2

adj 

         
Female grouse         

        

        

        
        
        

        

        

        

        

        

        

        

        
        

Y = β0 + For + Site(For) + CC + Acs + TMI + Mast + Brood + (Brood×For) + (TMI×For) + ε 180 106.9 17 -56.0 0.0 0.72 0.297 0.232
Y = β0 + For + Site(For) + CC + Acs + TMI + Mast + Brood + (Brood×For) + (TMI×For) + 

(Brood×TMI) + (Brood×TMI×For) + ε 180 105.2 19 -53.9 2.1 0.25 0.308 0.235

Y = β0 + ε       (null model) 180 152.0 2 -26.3 29.7 0.00 0.000 0.000
 
Male grouse 

Y = β0 + Site + Age + CC + ε 142 54.03 11 -113.2 0.0 0.22 0.295 0.247

Y = β0 + Site + Age + CC + Acs + ε 142 53.19 12 -113.0 0.2 0.21 0.306 0.253

Y = β0 + Site + Age + CC + Acs + (CC×Age) + (Acs×Age) + ε 142 51.99 14 -111.4 1.8 0.09 0.322 0.258

Y = β0 + Site + CC + Acs + ε 142 54.82 11 -111.1 2.1 0.08 0.285 0.236

Y = β0 + For + Site(For) + CC + (CC×For) + ε 142 55.06 11 -110.5 2.7 0.06 0.281 0.232

Y = β0 + Site + CC + TMI + Mast + ε 142 54.16 12 -110.5 2.7 0.06 0.293 0.239

Y = β0 + For + Site(For) + CC + Acs + TMI + Mast + (TMI×For) + ε 142 52.41 14 -110.2 3.0 0.05 0.316 0.252

Y = β0 + ε       (null model) 142 76.63 2 -83.5 29.7 0.00 0.000 0.000
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Table 3.9. Relative Importance Values (RIVs) for explanatory variables included in model sets 

presented in Tables 3.7 and 3.8. RIVs are calculated as the sum of the weights (ωi) of all models 

including a particular variable. A dash indicates that the variable was not specified in any model. 

 

Explanatory Variable Fall-winter 
All grouse 

Spring-summer 
Female grouse 

Spring-summer 
Male grouse 

    
Acs  0.96 0.97 0.57 
Age - 0.00 0.56 
Brood - 0.99 - 
CC 0.99 0.99 0.95 
Conif 0.05 - - 
EU 0.31 - - 
For 0.99 0.98 0.23 
Mast 0.99 0.98 0.15 
SA (SexAge) 0.99 - - 
Site or Site(For) 0.99 0.98 0.99 
TMI 0.00 0.99 0.25 
Trap 0.43 - - 
Brood×For - 0.98 - 
Brood×Mast - 0.00 - 
Brood×TMI - 0.25 - 
CC×Acs - - 0.03 
CC×TMI - - 0.00 
For×Acs - - 0.02 
For×CC 0.00 0.00 0.13 
For×Mast 0.99 0.01 0.03 
For×TMI 0.00 0.99 0.11 
Mast×EU 0.02 - - 
SA×Acs or Age×Acs 0.05 0.00 0.09 
SA×CC or Age×CC 0.43 0.00 0.13 
SA×Conif 0.05 - - 
SA×EU 0.00 - - 
SA×For or Age×For 0.94 - 0.01 
SA×Mast 0.94 0.00 - 
SA×TMI 0.00 0.00 0.00 
SA×Trap 0.43 - - 
Brood×Mast×For - 0.00 - 
Brood×TMI×For - 0.25 - 
CC×Age×For - - 0.01 
CC×TMI×For - - 0.00 
Mast×SA×For 0.94 - - 
TMI×SA×For 0.00 - - 
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Table 3.10. Test of the effect of hunting on fall-winter home range size of Appalachian ruffed 

grouse. Data were analyzed using a repeated measures mixed linear model (n = 127), and fit 

using restricted maximum likelihood (REML) estimation. A significant Phase×Treatment 

interaction indicates that home range size changed in response to closure of hunting. 

 

Source Numerator  
df 

Denominator 
df 

F  
(Type III) P 

     
Phase 1 91.4 1.57 0.2140 

Treatment 1 5.68 0.05 0.8273 

SexAge 3 89.4 13.39 <0.0001 

Mast 1 92.6 6.94 0.0099 

Mast×Site 7 17.8 0.33 0.9295 

Phase×Treatment 1 91.4 4.58 0.0350 

SexAge×Treatment 3 89.4 0.54 0.6545 

SexAge×Phase 3 89.4 0.56 0.6440 

SexAge×Phase×Treatment 3 89.4 1.38 0.2547 
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Table 3.11. Effect of hunting on mean fall-winter home range size of Appalachian ruffed grouse. 

During Phase I hunting was open on all sites, while during Phase II hunting was closed on 

treatment sites (n = 3) but remained open on control sites. Reported parameter estimates are 

mean (natural log-transformed) home range size (m2) for each sex and age class on each site each 

year.  

 
Habitat and scale Phase I (1996–1999) Phase II (1999–2001) 

     Class and treatment n Mean ± SEa n Mean ± SEa 

     
     Juvenile females, treatment sites 8 12.46 ± 0.37  5 12.35 ± 0.40  

     Juvenile females, control sites 10 12.15 ± 0.29 7 12.32 ± 0.32 

     Adult females, treatment sites 8 12.34 ± 0.37 5 11.88 ± 0.40 

     Adult females, control sites 11 12.20 ± 0.28 8 12.16 ± 0.31 

     Juvenile males, treatment sites 5 12.53 ± 0.41  4 11.58 ± 0.42  

     Juvenile males, control sites 9 11.85 ± 0.29 6 12.17 ± 0.33 

     Adult males, treatment sites 9 11.64 ± 0.37 5 11.55 ± 0.40  

     Adult males, control sites 10 11.33 ± 0.29 8 11.30 ± 0.31 
     

a Least squares means from analyses reported in Tables 3.10
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Figure 3.1. Locations of ACGRP study sites, with the southern limit of the geographic range of 

ruffed grouse indicated by the dotted line. Square markers identify study sites having 

predominantly oak-hickory forests, while those having predominantly mixed mesophytic forests 

are identified with circles. 
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Figure 3.2. Percentage of canopy trees on ACGRP study sites represented by aspen, birch, and 

cherry. Buds and flowers of these trees afford ruffed grouse a stable supply of high quality 

winter food where available. Data were collected at randomly located 0.04ha sampling plots, and 

numbers below site names indicate the total number of canopy trees sampled on a particular site 

(J. Tirpak, Fordham University, unpublished data; D. Whitaker, Virginia Tech, unpublished 

data). No data were available for the RI1 study site. 

 

 



Darroch M. Whitaker Chapter 3: Ruffed Grouse Home Range Size 93 
  

0

10

20

30

40

50

60

MD1 NC1 PA1 VA3 WV1 KY1 VA1 VA2 WV2

%
 o

f c
an

op
y 

tre
es

Beech
White Oaks
Red Oaks

 5050     5587     5616     7259     5429     3825     4007     6142     7804 
 
         Mixed Mesophytic Forests                      Oak-hickory Forests 
 
 
Figure 3.3. Percentage of canopy trees on ACGRP study sites represented by the red and white 

oak species groups, and American beech. Hard mast produced by these tree species is a high 

quality ruffed grouse food during fall and winter. Data were collected at randomly located 0.04ha 

sampling plots, and numbers below site names indicate the total number of canopy trees sampled 

on a particular site (J. Tirpak, Fordham University, unpublished data; D. Whitaker, Virginia 

Tech, unpublished data). No data were available for the RI1 study site. 
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Figure 3.4. Mean ruffed grouse home range size on treatment sites during years when fall-winter 

hunting was either open or closed. Values were calculated by back transforming the least squares 

means of the natural log-transformed home range sizes (Tables 3.10 and 3.11). 

 



CHAPTER 4: FACTORS AFFECTING SELECTION OF “PREFERRED” HABITATS BY APPALACHIAN 

RUFFED GROUSE 

 

ABSTRACT – A goal of many habitat studies is the identification of preferred habitat features. 

However, favorability of a particular habitat type is likely contingent on such factors as 

landscape composition, predation risk, and an individual’s resource needs, so will vary 

depending on context. Identifying factors associated with variation in strength of selection for 

“preferred” habitat features could increase our understanding of functional aspects of a species’ 

habitat ecology, for example by indicating when and why a habitat feature is important. 

Clearcuts afford important escape cover for ruffed grouse, while access routes and mesic 

bottomlands are viewed as important foraging habitats for the species. I used information-

theoretic model selection to test a priori predictions about factors affecting the strength of 

selection by ruffed grouse for these three habitat features. Selection towards these habitat 

features was interdependent; selection for clearcuts was positively related to selection for access 

routes, but negatively related to selection for mesic bottomlands. Selection for mesic 

bottomlands and selection for access routes were positively related in oak-hickory forests, but 

unrelated in mixed mesophytic forests. Other differences in selectivity were noted between forest 

types; clearcuts were more strongly selected in mixed mesophytic forests, whereas mesic 

bottomlands were only selected in oak-hickory forests. Following poor fall hard mast crops, 

selection for access routes by female grouse increased. Strength of selection for all three habitat 

features was increased by some or all sex and age classes of grouse following closure of sites to 

hunting, suggesting that hunters discouraged use of otherwise preferred cover types. Taken 

together, our observations suggested that individual grouse make a tradeoff between favoring 

either survival or condition to maximize fitness, with males favoring refuging habitats, and 

females favoring foraging habitats. From this and other studies is clear that ruffed grouse endure 

nutritional stress in oak-hickory forests, so must seek out the best foraging sites and are 

particularly sensitive to size of fall hard mast crops. In contrast, in mixed mesophytic forests, 

where nutritional constraint is relaxed, all sex and age classes of grouse made greater use of 

escape cover (i.e. clearcuts).  
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INTRODUCTION 

 

A primary goal of many habitat studies is the identification of preferred habitat features for a 

particular species. However, the favorability of a habitat type or feature will almost certainly be 

contingent on a number of factors, so will vary depending on context (Block and Brennan 1993). 

These modifying factors might include, for example, selective pressures on different groups, 

predator pressure, intraspecific interactions, weather, site productivity, food availability, and an 

individual’s current resource needs. The distribution and availability of a habitat feature may also 

influence the degree to which it is selected. For example, a resource may be strongly selected 

when rare, but be used at or below background levels when abundant (Johnson 1980, Tonkovich 

and Stauffer 1993). Finally, Liebig’s law of the minimum suggests that when multiple resources 

can be limiting, the true pattern of selection will be clouded if selection is not considered in a 

multivariate context (Huston 2002). Consequently, once a species’ basic habitat affinities have 

been described, a logical next step towards understanding its habitat ecology is to look for factors 

and interactions that influence selection for “preferred” habitat features. Here we set out to 

identify factors affecting the strength of selection by ruffed grouse (Bonasa umbellus) for three 

“preferred” habitat features, and use this information to make inferences about selective 

pressures on different groups within the regional population. This approach extends beyond 

simple description of habitat preferences to a functional look at when and why certain habitat 

features are important. 

 

Ruffed grouse are resident birds of temperate and boreal forests in North America. Because they 

are an important game species they have been the focus of numerous studies, and fundamentals 

of the species habitat preferences are well understood. Although grouse make use of forests 

representing a variety of successional stages and stand types through the year, it is clear that 

stands having high stem densities, particularly early successional stands created by natural 

disturbance or even-aged timber harvesting (i.e. clearcutting), form the cornerstone of the 

species’ habitat needs (Bump et al. 1947, Rusch et al. 2000, Dessecker and McAuley 2001). Use 

of high stem density habitats, which provide important predator escape cover, has been shown to 

positively affect survival rates and grouse population density (e.g., Wiggers et al. 1992, Clark 

2000, Dessecker and McAuley 2001). Home range size is inversely related to use of clearcuts, 
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further supporting the notion that early successional habitats afford high quality cover (Chapter 

3), and even grouse occupying mature forest stands typically seek out microsites having locally 

high stem densities (e.g., Schumacher 2002; Chapter 2).  

 

Another widely reported aspect of ruffed grouse habitat ecology is that they make extensive use 

of forest access roads and other forest edges (Bump et al. 1947, Stewart 1956, Schumacher 2002, 

Endrulat 2003). Various explanations for selection of roadsides have been put forward, including 

increased availability of invertebrate and herbaceous foods, access to grit for digestion, presence 

of bare ground for dust bathing, and use as travel corridors (Bump et al. 1947, Stewart 1956, 

Hollifield and Dimmick 1995, Schumacher 2002). We found density of access routes within 

home ranges to be inversely related to home range size, suggesting that these are high quality 

habitats (Chapter 3). However, it has also been suggested that use of forest roads and edges 

increases as availability of early successional habitat declines, so these habitats are of secondary 

value by comparison (Bump et al. 1947, Gullion 1984).  

 

It is becoming apparent that mesic bottomlands are an important habitat for grouse in 

southeastern forests. Relatively abundant soft mast and groundcover vegetation make these areas 

important foraging habitats during winter (Fearer 1999), while this groundcover and the high 

number of insects it supports are important for grouse broods during spring and summer (Stewart 

1956, Thompson et al. 1987, Fettinger 2002, Haulton et al. 2003). We found that home range 

size was inversely related to the proportion of mesic bottomlands used by female grouse in oak-

hickory forests during spring and summer, suggesting that in this forest type these areas provided 

high quality brood-rearing habitat (Chapter 3).  

 

Through the Appalachian Cooperative Grouse Research Project (ACGRP), researchers 

radiotracked >1,500 ruffed grouse at 10 study sites in the central and southern Appalachian 

Mountains (Figure 4.1). Here we present an analysis of the influence of a variety of factors on 

strength of selection for clearcuts, woodland access routes, and mesic bottomlands by grouse, 

with the ultimate goal being to gain greater insight in to selective pressures affecting resource 

selection by grouse. Analyses were conducted at both the landscape scale and within home 

ranges (i.e. second and third order selection, respectively; sensu Johnson 1980), and we 
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employed three analytical approaches. First, we used information-theoretic model selection to 

compare a priori models describing predicted relations between various factors and habitat 

selection. Second, when an individual grouse was monitored for >1 season or year, we compared 

pairs of home ranges for individuals to test for effects of season, age, or fall hard mast crops on 

habitat selection. Finally, we used an experimental hypothesis testing approach to evaluate the 

influence of hunting pressure on habitat selection by ruffed grouse. 

 

METHODS 

 

Study Sites 

Data were collected at 10 study sites along the Appalachian spur of the ruffed grouse species 

range (Figure 4.1), with grouse radiotracking being conducted at most sites from September 

1996 through April 2001 (55 months). Study sites were located on National Forest lands (n = 2), 

state forest and game management areas (n = 5), and industrial forestlands operated by 

MeadWestvaco Corporation (n = 3). Forest cover on study sites represented two general 

associations. Oak-hickory forests (Braun 1950) dominated cover on the KY1, RI1, VA1, VA2 

and WV2 study sites, though stands on dry slopes and ridges on these sites often represented the 

oak-pine forest association (Braun 1950). The most common tree on most of these sites was 

chestnut oak (Quercus prinus; ACGRP, unpublished data), and other important tree species 

included white, red, scarlet, and black oak (Quercus alba, Q. rubra, Q. coccinea, and Q. 

velutina, respectively), shagbark, pignut, bitternut and mockernut hickory (Carya ovata, C. 

glabra, C. cordiformis, and C. tomentosa, respectively), white, Virginia, pitch, and Table 

Mountain pine (Pinus strobus, P. virginiana, P. rigida, and P. pungens, respectively), eastern 

hemlock (Tsuga canadensis), red and sugar maples (Acer rubrum, and A. saccharum, 

respectively), and beech (Fagus grandifolia). Prior to the elimination of American chestnut 

(Castanea dentata) as an important canopy tree shortly after 1900, forests on these sites likely 

represented the oak-chestnut forest association (Braun 1950). 

 

Forest cover on the remaining study sites (MD1, NC1, PA1, VA3, and WV1) was dominated by 

of the mixed mesophytic forest association (Braun 1950). The most abundant canopy tree species 

on each of these sites was red maple (J. Tirpak, Fordham University, unpublished data), while 
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other important tree species included sugar maple, basswood (Tilia americana), sweet and 

yellow birch (Betula lenta, and B. alleghaniensis, respectively), black cherry (Prunus serotina), 

white ash (Fraxinus americana), white pine, American beech, northern red oak, eastern hemlock, 

and yellow poplar (Liriodendron tulipifera; Braun 1950). Where available, buds and flowers of 

aspen, birch, and cherry trees afford ruffed grouse a stable supply of high quality winter food 

(Servello and Kirkpatrick 1987), and these trees were much more prevalent on study sites having 

mixed mesophytic forests (Chapter 3). Hard mast producing trees, while somewhat less prevalent 

than on oak-hickory sites, were also abundant on these sites (Chapter 3). In comparison to oak-

hickory forests, upland soils in mixed mesophytic forests are more mesic and growing conditions 

typical of more northerly sites. 

 

A key goal of the ACGRP was to experimentally test effects of hunting on grouse ecology. 

During phase I (fall 1996–spring 1999) all study sites were open to fall-winter grouse hunting. 

During phase II (fall 1999–fall 2002) hunting was closed on three sites (KY1, VA3, WV2), but 

remained open on all other sites.  

 

Data Collection and Processing 

Lily-pad traps were used to trap grouse during fall (Gullion 1965), with additional trapping being 

conducted during spring as necessary. Ideally, on each study area each year 40–50 individuals 

were monitored, and efforts were made to maintain a study population exceeding 20 individuals 

at all times. Sex and age (juvenile = <15months post-hatch, adult = >15 months post-hatch) of 

captured grouse were assessed based on feather criteria (Kalla and Dimmick 1995). Grouse were 

then weighed, fitted with a necklace-style radio-transmitter (10g, 1.25–2.5% of body mass; 

Advanced Telemetry Systems, Isanti, MN), and released at the site of capture. After release 

grouse were given a one-week conditioning period to acclimate to the collar and recover from 

capture stress, and then entered into the study population. Grouse captured as juveniles were 

graduated to the adult age class following their first breeding season (September 1; ≈15 months 

post-hatch). 

 

A detailed description of methods for collection and processing of radiotracking data is provided 

in Chapter 3. Briefly, efforts were made to locate each radioed bird at least twice weekly. 
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Locations typically were collected between dawn and dusk, so reflect diurnal habitat use. To 

triangulate grouse, trackers used handheld receiving equipment and moved from point-to-point in 

a network of telemetry stations having known locations. Azimuths from ≥3 stations collected 

over a period of <20 minutes were used to triangulate the bird’s location (White and Garrott 

1990). Location estimates were calculated using Lenth’s maximum likelihood estimator (Lenth 

1981). Prior to acceptance each location estimate was screened for reliability. Screening criteria 

included size of the error ellipse (<10ha), proximity of the observer to the location estimate 

(<800m), number of azimuths collected, and whether or not the grouse was seen by the tracker. 

Based on these criteria, mean error for the least reliable locations considered acceptable should 

be <160m, while overall mean location error will be considerably less than this (see Chapters 1 

and 3). 

 

Fall-winter (September 1–March 31; 212 days) and spring-summer (April 1 – August 31; 153 

days) home ranges were delineated from grouse tracking datasets. These time periods were 

selected to approximate the nonbreeding and breeding seasons, respectively. We used the fixed 

kernel method with Least Squares Cross Validation (LSCV; Worton 1989), which generally 

yields the least biased estimates of home range boundaries compared to other contemporary 

methods (Seaman and Powell 1996). Kernel approaches define probabilistic home ranges based 

on location density, and we estimated boundaries for the 50, 75, and 95% probability kernels for 

each home range. As recommended for kernel methods, we used a minimum of 30 locations to 

estimate home ranges (Seaman et al. 1999). Regression analyses of home range size against the 

number of locations collected and against the time interval between collection of the first and last 

location indicated that this approach provided stable estimates of home range size (Chapter 3). 

Because we were interested in identifying habitats that animals had selected for extended 

occupancy, we excluded dispersal movements from sets of locations used to estimate home 

ranges (see Chapter 3).  

 

At the study area scale, we used the distribution of radioed grouse to define an “available 

landscape” each season. We did this by placing an 800m buffer around any telemetry station 

falling within 800m of a grouse location collected that season. This ensured that any habitat 

considered “available” was in the vicinity of a grouse home range, and that portions of study 
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areas where locations would be considered unreliable and consequently censored (i.e. areas 

>800m from the telemetry station network) were not considered available.  

 

A number of variables were recorded for each home range (Table 4.1). These included grouse 

sex and age, natural log-transformed area of the 75% kernel home range (LN75), and the ratio in 

size between the 50% and 95% kernel home ranges (CORE). An index of hard mast production 

was estimated for each site each year by ranking production by red/black, white, and chestnut 

oaks and beech on a 0–3 scale (0 = no mast, 1 = light, 2 = moderate, 3 = heavy), and then 

summing the values for all four species (Chapter 3).  

 

Using remote sensing data and ground surveys, digital habitat maps were developed for each 

study site (see Chapter 3), and each grouse home range was overlaid on the map for its respective 

study site. Maps included layers for 0–20-year-old clearcuts, and access routes (including paved, 

unpaved, and vegetated roads, as well as trails). When a new clearcut or road was created, or 

when the age of a clearcut reached 20 years, a revised map was created and used for all 

subsequent grouse location data. Digital Elevation Models (DEMs) were used to develop a 

Topographic Moisture Index (TMI) layer. TMI values for each pixel were calculated based on 

the local slope, aspect, and landform, and these values were used to classify each pixel as xeric 

or mesic relative to the average for the landscape. Maps of mesic habitats closely reflected the 

distribution of level and concave landforms in the landscape (e.g., hollows, valley bottoms and 

riparian zones), and these areas are hereafter referred to as “mesic bottomlands.”  

 

Using these digital habitat maps, we extracted the percent cover of clearcuts and mesic 

bottomlands, as well as the density of access routes (m/ha) within the 50, 75, and 95% kernel 

home range of each grouse. Landscape-scale habitat information was extracted from the 

“available landscape” (see above) for each season using the same methods as for individual 

home ranges. We estimated strength of second order (i.e. landscape-level) selection for each 

habitat feature by each grouse by subtracting the value for the available landscape that season 

from the value for the 75% kernel home range. Tests of third order habitat selection (i.e. within 

home ranges) involve comparisons between heavily used portions of home ranges and the overall 

composition of the home range. Typically, researchers have estimated this by comparing habitat 
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at individual location estimates to overall habitat availability within the home range. However 

this approach may have reduced statistical power when location estimates are imprecise (i.e. are 

potentially misclassified), in which case defining use on an area basis is preferable (Erickson et 

al. 2001). Consequently, we estimated third order selectivity for clearcuts, mesic bottomlands, 

and access routes by subtracting the value for the overall (95% kernel) home range from that of 

the corresponding core (50% kernel) home range. Using this approach both second and third 

order selectivity measures will be positive if the habitat feature is being selected at that scale, and 

negative if it is being used less than expected by chance.  

 

Data Analyses 

Habitat features being tested were not mutually exclusive, in that a locality could be classified as 

both mesic bottomlands and clearcut, and have access routes passing through it. Consequently 

selection for one habitat feature did not negate selection for the others, and unit sum constraints 

(Aebischer et al. 1993) were not an important consideration in statistical tests.  

 

We carried out preliminary tests to confirm that the “preferred” habitat features we had identified 

for testing were on average used more than would be expected by chance. For this we used one-

tailed t-tests to verify that the mean of the selectivity indices we calculated (see above) were 

greater than zero (Sokal and Rohlf 1995). This is equivalent to a paired t test comparing the two 

values used to calculate the selectivity index (e.g., comparing density of access routes in 50% 

and 95% kernel home ranges).  

 

We hypothesized that many different factors influenced strength of selection for clearcuts, mesic 

bottomlands, and access routes. Further, habitat selection is a multivariate process rather than a 

series of independent univariate relationships (Jones 2001). In an attempt to capture the 

dimensionality of habitat selection we developed a separate set of a priori linear models to 

explain variability in selection for each of the three habitat features being studied (Appendix B). 

Candidate models ranged from simple univariate representations to complex multivariate models 

including hypothesized two and three way interactions. Categorical explanatory variables 

included the sex and age of the grouse, season (spring-summer or fall-winter), study area, and 

forest type (oak-hickory or mixed mesophytic). When both study site and forest type were 



Darroch M. Whitaker Chapter 4. Habitat Selection by Ruffed Grouse 103 

included in a model we specified that sites were nested within forest type. Continuous 

explanatory variables included the (natural log transformed) size of the 75% kernel home range, 

hard mast index, core area ratio, and the availability of clearcuts, mesic bottomlands, and access 

routes in the landscape. We also included landscape-level selectivity for clearcuts, mesic 

bottomlands, and access routes in model sets where that particular feature was not the response 

variable. Prior to developing model sets we tested candidate variables for correlations, as 

multicollinearity can lead to model overfitting. We computed Pearson’s product-moment 

correlation coefficient for all pairs of continuous variables (Sokal and Rohlf 1995), and censored 

one member of any pair having a correlation >0.6. 

 

The set of candidate models for each habitat feature was tested using both the second and third 

order selectivity for that feature as the response variable, with individual home ranges as the 

sampling unit. In some instances we were able to track an individual grouse for more than one 

year, yielding multiple spring-summer or fall-winter home ranges. However habitat selection by 

an individual grouse may not be independent from one year to the next, so to avoid 

pseudoreplication (Hurlbert 1984) we considered only one home range per individual in our 

model evaluation data sets. When choosing between pairs of home ranges we favored those 

based on either the longer monitoring period or the larger number of locations. Clearcuts <20 

years old were not present on the KY1, MD1, and NC1 study sites, so data from these sites were 

not included in tests of selection of this habitat feature. Information on mast crops was missing 

for NC1, so this site was excluded from analyses requiring these data. 

 

We fit models using JMPin statistical software (Version 4.0.3; SAS Institute, Cary, NC) and 

evaluated and ranked candidate models using information-theoretic model selection techniques 

(Burnham and Anderson 1998). This approach to model selection favors models having greater 

explanatory power and penalizes models based on complexity, helping to identify the most 

parsimonious model. To gain an appreciation of the explanatory power of our models we 

included a null model (i.e. intercept only) in each set of candidate models. Models within each 

set were evaluated based on Akaike’s Information Criterion adjusted for sample size (AICc), 

AICc differences (∆i), R2
adj, and Akaike weights (ωi) (Burnham and Anderson 1998). Akaike 

weight (ωi) estimates the probability that a particular model is the best model in the candidate set 
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(i.e. closest to “truth”; sensu Burnham and Anderson 1998). Using this, we defined subsets of 

“best” candidate models as all those models having Akaike weights >0.05. For simplicity we 

report only the null model plus the “best” models for each model set. To estimate the influence 

of individual explanatory variables we calculated a Relative Importance Value (RIV) for each 

variable in each model set; RIVs were calculated as the sum of the Akaike weights for all models 

that included a particular variable (Burnham and Anderson 1998).  

 

The fact that many individual grouse were followed for more than one season presented an 

opportunity to test factors that might modify habitat selection by individuals. Because 

comparisons are based on paired observations from individuals this approach should control for 

much of the noise arising from such factors as individuality and local environmental features. As 

only one home range per individual was considered in the preceding model selection exercise, 

overlap between these two datasets was reduced. We conducted tests of paired home ranges to 

assess the influence of three factors. First, to test seasonal differences we compared spring-

summer home ranges to fall-winter home ranges used by individual adult grouse. Second, to 

assess age effects we compared fall-winter home ranges used by individuals that were first 

monitored as juveniles and then as adults during the subsequent year. Finally, when individual 

adults were tracked for more than one fall-winter, we compared home ranges used during the 

year having the heavier hard mast crop to that used during the lighter mast year. For each of 

these comparisons we tested for differences in selectivity towards access routes, clearcuts, and 

mesic bottomlands. Consequently, significant differences indicate differences in strength of 

selection, rather than selection per se. When testing selectivity for access routes we pooled 

observations from all 10 study sites. For clearcuts we pooled observations from all 7 study sites 

having clearcuts. Since prior analyses indicated that use of mesic bottomlands differed by forest 

type (Chapter 3), we tested selection separately for sites having oak-hickory and mixed 

mesophytic forests. For all comparisons we tested males and females separately. Comparisons 

were made using two-tailed paired t-tests, with the null hypothesis that the mean difference in 

selectivity between the two conditions would be zero (Sokal and Rohlf 1995).  

 

Because hunting treatments were applied following an experimental design, we employed a 

hypothesis testing approach to assess the effect of hunting closure on selection of clearcuts, 
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access routes, and mesic bottomlands. Prior analyses indicated that grouse used smaller home 

ranges when hunting was closed (Chapter 3; see also Clark 2000). This led us to hypothesize that 

hunters, who presumably are aware of general patterns of grouse habitat selection and use roads 

and trails to access hunting areas, push grouse out of preferred habitats. Consequently, we used a 

repeated measures design to test the hypothesis that closure of hunting would result in stronger 

selection for preferred habitat features during fall-winter, the period when hunting would have 

occurred (Bennington and Thayne 1994; PROC MIXED, SAS Institute, Cary, NC). Hunting 

treatments were applied to study sites as a whole, so to avoid pseudoreplication we took the 

mean selection index for each sex and age class of grouse on each site each year as the response 

variable. Subjects of repeated measures were sites, which were nested within treatments. 

Treatment (experimental or control) and phase (pre-treatment vs. hunting closed on experimental 

sites) were included as fixed effects. A significant Phase×Treatment interaction would indicate 

an effect of hunting on strength of selection for a habitat feature. Natural log-transformed home 

range size (LN75), hard mast index, and Sex, Age, or SexAge were included in models as control 

variables if they were found to influence selection for the habitat feature being tested (i.e. P < 

0.10). Three-way interactions between Sex, Age, or SexAge and Phase×Treatment, as well as a 

three-way interaction between LN75 and Phase×Treatment (see Chapter 3), were also tested as 

controls.  

 

In the results all parameter estimates are reported as the mean ± SE. For multivariate models we 

report the least squares mean parameter estimates (± SE), which are determined while controlling 

for all other effects specified in the model. For hypothesis tests the level of significance was set 

at α = 0.05.  

 

RESULTS 

 

Results of t-tests confirmed that access routes and clearcuts were, on average, used more than 

would be expected by chance during both spring-summer and fall-winter at both landscape and 

within-home range scales (Table 4.2). At the landscape scale mesic bottomlands comprised a 

greater proportion of home ranges than would be expected by chance during both spring-summer 

and fall-winter (Table 4.2). Within home ranges we detected a similar pattern of higher than 
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expected use of mesic bottomlands during fall-winter, but no difference was detected during 

spring-summer (Table 4.2). 

  

Model testing indicated that numerous factors influenced strength of selection for clearcuts, 

access routes, and mesic bottomlands, with all models in best model sets including at least five 

explanatory variables and many including two or three-way interactions (Tables 4.3–4.6). Study 

site (nested within forest type) was always an important variable in best models. Selection for 

access routes, clearcuts and mesic bottomlands was interdependent, as best model sets for each 

of these features always included landscape level selection for the other two features. Though 

many individual models appeared in best sets for both second and third order selection, model fit 

(i.e. R2
adj) indicated that models of landscape level selection generally had more explanatory 

power than those for within home range selection. 

  

Clearcuts  

Model selection suggested that at the landscape scale several factors had a strong influence on 

strength of selection for clearcuts by grouse (Tables 4.3 and 4.6). Controlling for all other 

variables in the model, the mean difference between use and availability of clearcuts was ≈37% 

greater in mixed mesophytic forests (20.6 ± 1.4%) than in oak-hickory forests (15.0 ± 1.5%). All 

“best” models included the four level variable SexAge; selection by adult males (20.1 ± 1.6%) 

was approximately 25% stronger than that of adult females (16.0 ± 1.6%) and juvenile males 

(16.2 ± 2.1%), and intermediate for juvenile females (18.9 ± 2.0%). Selection for clearcuts was 

inversely related to (natural log transformed) home range size (β = -5.9 ± 1.0). A strong positive 

association with selection for access routes was observed (β = 15.7 ± 3.3). In contrast, there was 

strong inverse relationship between selection for clearcuts and mesic bottomlands (β = -20.8 ± 

6.2). However, we also detected a three-way interaction between selection for mesic 

bottomlands, SexAge, and forest type. This resulted because the negative relationship between 

selection for clearcuts and mesic bottomlands was much stronger in oak-hickory forests than in 

mixed mesophytic forests, particularly for females (O-H females = -50.1 ± 10.4; MM females =  

–28.6 ± 12.6), and was not observed for males in mixed mesophytic forests.  
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“Best” models of within-home range scale selectivity were similar to those for landscape scale 

selection, but had less explanatory power (Tables 4.3 and 4.6). Availability of clearcuts in the 

landscape was included in one model in the best model sets (Table 4.3). However post hoc tests 

indicated that this explained much of the same variation as was accounted for by the study site 

variable in models of landscape-level selection for clearcuts.  

 

Paired comparison of observations from individual grouse did not identify any difference in 

selection for clearcuts between fall-winter and spring-summer, between juvenile and adult age 

classes, or between high and low mast years. Findings were similar for males and females and at 

second and third order scales of selection (Tables 4.7–4.9). Plots of use of clearcuts as a function 

of landscape availability indicated that selection was strongest (as indicated by slope) when 

clearcuts were rare, and remained strong through the range of availability present on different 

study sites (Figure 4.2). Selection for clearcuts was stronger by males than by females (Figure 

4.2). 

 

Access Routes 

Akaike’s weights indicated that the same model of selectivity for access routes was closest to the 

“truth” at both the within-home range and landscape scales (Table 4.4). At the landscape scale, 

strength of selection for clearcuts had a strong positive association with strength of selection for 

access routes (β = 21.0 ± 3.9). However note that selection of access routes appeared to decrease 

as availability of clearcuts in a landscape increased (Figure 4.3). There was an inverse 

relationship between selection of access routes and home range size (β = -3.2 ± 1.0). There was 

an interaction between hard mast crops and season resulting from a positive influence of mast on 

selection of access routes during spring-summer (β = 0.8 ± 0.6) compared to a negative influence 

during fall-winter (β = -0.6 ± 0.4). There was also an interaction between selection for mesic 

bottomlands and forest type. This resulted from the weak negative association between selection 

for access routes and bottomlands on sites having mixed mesophytic forests (β = -0.1 ± 0.1), 

compared to the positive association between selection for these two habitat features on sites 

having oak-hickory forests (β = 0.2 ± 0.1). 
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Patterns were similar for models of selection of access routes within home ranges, though most 

effects, with the exception of the interaction between mast crops and season, were weaker at this 

scale. As at the landscape scale, mast crop had a weak positive effect on selection of access 

routes during spring-summer (β = 0.7 ± 0.7), but a more pronounced negative effect during fall-

winter (β = -1.1 ± 0.5). 

 

Paired comparison of individual’s home ranges indicated that female grouse selected access 

routes more strongly during spring-summer than during fall-winter, with the difference being 

stronger at the within-home range scale of selection (Table 4.7). Females also made greater use 

of access routes during fall-winters when hard mast crops were poor, and again the difference 

appeared to be strongest at the within-home range scale (Table 4.9). No difference in strength of 

selection for access routes was detected for male grouse in comparisons between seasons or 

between high and low mast years, or for either sex as they matured from juveniles to adults 

(Tables 4.7–4.9).  

 

Mesic Bottomlands 

Unlike models for selection of clearcuts and access routes, explanatory power for models of 

selection of mesic bottomlands was not markedly better at the landscape scale than at the within-

home range scale (Table 4.5). Also, sets of “best” models had considerably less overlap between 

the two scales, and no single model had an Akaike weight >0.42. At the landscape scale, the 

“best” model indicated that selection for bottomlands was reduced as selection for clearcuts 

increased (β = -0.09 ± 0.02). There was evidence that strength of selection for bottomlands 

became stronger as availability in the landscape increased (β = 1.0 ± 0.5). There was an 

interaction between forest type and season; on sites having mixed mesophytic forests selection 

was similar between fall-winter and spring-summer (mean selectivity of 2.4 ± 1.0% and 2.1 ± 

1.1%, respectively), but on sites having oak-hickory forests strength of selection increased from 

an average of 1.3 ± 1.0% during fall-winter to 4.3 ± 1.2% during spring-summer. Though not 

specified in the model having the highest Akaike weight, landscape scale selection for access 

routes was included in the other five models in the “best model” set. An interaction between 

SexAge and selection for access routes revealed a positive relationship for juvenile males, with 

little response by other classes. Based on findings for access routes (above), we conducted post 
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hoc testing for an interaction between forest type and selection of access routes influencing 

selection of bottomlands. This revealed a strong positive relationship between selection for 

access routes and bottomlands on sites having oak-hickory forests (β = 0.11 ± 0.03), compared to 

a weak negative association on sites having mixed mesophytic forests (β = -0.03 ± 0.03). 

 

At the within-home range scale, forest type was an important factor affecting selection for mesic 

bottomlands. Selection was positive on sites having oak-hickory forests but negligible on sites 

having mixed mesophytic forests (mean selectivity of 2.8 ± 0.9% and -0.4 ± 0.6%, respectively). 

Again, there was a negative relationship between selection for mesic bottomlands and selection 

for clearcuts (β = -0.05 ± 0.03). Our a-priori models suggested a negative association with 

selection for access routes (β = -0.06 ± 0.02). However, as with our second order models, post 

hoc tests revealed a strong interaction with forest type, where the relationship between selection 

of bottomlands and access routes was positive on oak-hickory sites and negligible on mixed 

mesophytic sites. Strength of within-home range selection for mesic bottomlands increased as 

availability of this habitat type in a landscape increased (β = 1.1 ± 0.6), and there was a positive 

association between use of bottomlands and hard mast crops (β = 0.3 ± 0.2). Finally, there was 

an interaction between SexAge and forest type; on sites having oak-hickory forests, selection for 

bottomlands was positive by all sex and age classes, and was stronger by adult females (mean 

selectivity = 6.0 ± 1.6%) than by other classes (mean selectivity = 1.5 ± 1.1%); on sites having 

mixed mesophytic forests, mean use by adults was slightly less than availability (mean 

selectivity = -1.7 ± 0.7%), but was slightly greater than availability for juveniles (mean 

selectivity = 1.8 ± 1.0%).     

 

In paired comparisons, individual adult female grouse in oak-hickory forests increased usage of 

mesic bottomlands during spring-summer, whereas we detected no difference in selection 

between seasons for females in mixed mesophytic forests (Table 4.7). In contrast, adult males in 

both oak-hickory and mixed mesophytic forests selected mesic bottomlands more strongly 

during fall-winter than during spring-summer, though the scale at which the effect was observed 

differed between forest types (Table 4.7). During fall-winter female grouse inhabiting oak-

hickory forests selected mesic bottomlands more strongly as adults than they had done as 
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juveniles (Table 4.8). Age did not affect selection of mesic bottomlands by females in mixed 

mesophytic forests or males in either forest type. Paired comparisons did not indicate any effect 

of mast crop on selection for mesic bottomlands (Table 4.9). 

 

Hunting Experiment  

We found no change in landscape scale selection of clearcuts by grouse in response to closure of 

hunting. In our test of within-home range selection for clearcuts there was a significant 

interaction between phase and treatment, indicating a change in use following closure of hunting 

on treatment sites (Table 4.10). However there was also a three-way interaction between phase, 

treatment, and age. This resulted because there was a large increase in use of clearcuts by 

juveniles following closure of sites to hunting, while there was no clear response by adults 

(Table 4.13).   

 

We found no change in landscape scale selection for access routes by grouse in response to 

closure of hunting.  In our test of within-home range selection, the interaction between phase and 

treatment also was not significant, indicating that there was no general effect of hunting closure 

on use of access routes. However there was some indication of a three-way interaction between 

SexAge, phase and treatment (Table 4.11). Exploratory tests by individual sex and age classes 

indicated that this resulted from an increase in use of access routes by adult males following 

closure of hunting on treatment sites, while no clear change was observed for other classes 

(Table 4.13). 

 

There was an increase in landscape scale selectivity towards mesic bottomlands by all sex and 

age classes of grouse following closure of hunting (Tables 4.12 and 4.13). No change was 

detected for within-home range selection of mesic bottomlands.  

 

DISCUSSION 

 

On average, clearcuts, access routes, and mesic bottomlands were all “selected” by ruffed grouse 

(Table 4.2), and availability of these habitats in the landscape accounted for much of the study 

site level effect we observed. The inverse relationship between home range size and use of these 
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three features suggests that they are in fact high quality habitats (Tables 4.3–4.5; Chapter 3). 

However, strength of selection for or favorability of these habitats was not constant, being 

influenced by a number of factors, and identification of factors influencing selection yielded 

considerable insight into functional aspects of the regional habitat ecology of ruffed grouse.  

 

An important finding was that there was considerable interdependence in selection for clearcuts, 

access routes, and mesic bottomlands. This suggests that these three habitat features are not 

equally favorable and/or that they are being selected to meet different needs. Previously it has 

been suggested that access roads and other hard forest edges are more strongly selected when 

availability of (presumably higher quality) early successional forest stands is low (Bump et al. 

1947, Gullion 1984). Our observation that strength of selection for access roads was inversely 

related to availability of clearcuts in the landscape lends support to this argument (Figure 4.3). In 

this context, the positive association between strength of selection for clearcuts and access routes 

is logical, as early successional habitats, if truly most important, should be and are most strongly 

selected when rare (Figure 4.2).  

 

There was a negative relationship between selectivity towards clearcuts and mesic bottomlands. 

Thick early successional habitats such as clearcuts are viewed primarily as escape cover for 

grouse, whereas mesic sites having well-developed groundcover are seen as a source of plant and 

invertebrate foods (Dessecker and McAuley 2001). Consequently the inverse relationship may 

result because grouse are balancing two competing strategies; maximizing survival when 

energetic demands are low, and accruing high quality food when resource needs are high. For 

example, males, who make no contribution to reproduction after mating, selected clearcuts more 

strongly than females (Figure 4.2). In contrast females, who need substantial nutrient reserves for 

egg production and then productive foraging sites for broods, selected bottomlands more 

strongly than did males.  

 

There was a positive association between selection for access routes and selection for mesic 

bottomlands in oak-hickory forests. In contrast, in mixed mesophytic forests mesic bottomlands 

were not strongly selected and there was no clear relationship between selection of this habitat 

and use of access routes. As with bottomlands, woodland access routes are often viewed as 
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important foraging sites (e.g., Hollifield and Dimmick 1995). Accordingly, female grouse 

selected access routes more strongly during fall-winters when hard mast crops were poor (Tables 

4.4 and 4.9) and during the breeding season (Table 4.7). Stronger selection for mesic 

bottomlands and much greater sensitivity to mast crops (Table 4.5; Chapter 3) suggest that ruffed 

grouse inhabiting oak-hickory forests are under greater nutritional constraint than those in mixed 

mesophytic forests. The positive association between selection for access routes and bottomlands 

was limited to oak-hickory forests, lending further support to this view.  

 

A point of concern in our analyses is the relatively low power (i.e. low R2) of our statistical 

models (Tables 4.3–4.5). However, for a number of reasons we are not particularly surprised, 

and feel that our findings are still informative. First, home range boundaries likely are only 

approximately perceived by animals (Powell 2000). This, added to imprecision in estimating 

both radiotelemetry locations (Chapter 1) and then home range boundaries from these locations, 

means that our data provide only a crude estimate of habitat selection by individuals. Also, of 

necessity we used very general habitat features to characterize the habitat use by individuals, 

undoubtedly adding further noise to our dataset. For example, we used clearcuts as a proxy for 

early successional forest, when there were undoubtedly many other sources of early successional 

habitat we did not consider. The same is true of our use of access routes as an index of forest 

edge density, and concave landforms to identify sites having mesic soils. Also, given the distance 

(Rhode Island to southern North Carolina) and elevation differences between our study sites (sea 

level to >1,200m), there were undoubtedly differences in the habitat value of these features 

across the region, for example due to local climate, forest composition, and soil fertility. 

Consequently, we expect that our low statistical power resulted from this need to generalize 

across a large region, and feel that our findings still reflect important features of the regional 

habitat ecology of ruffed grouse. 

 

Influence of Sex and Age 

Divergence in habitat selection by male and female grouse was greatest during the breeding 

season. During this time males spend a considerable proportion of their time at displaying sites, 

and these drumming logs typically are located along ridges (e.g., Thompson et al. 1987, 

Schumacher 2002). Thus the reduced selectivity towards bottomlands we observed for males 



Darroch M. Whitaker Chapter 4. Habitat Selection by Ruffed Grouse 113 

during spring-summer was likely an indirect result of this focus on ridge-top display sites during 

the breeding season. Males also select drumming sites in stands having high stem densities (e.g., 

Stauffer and Peterson 1985, Stoll et al. 1979, Thompson et al. 1987, Boyd 1990). This may 

account for stronger selection for clearcuts by males. Further, juvenile males often have not yet 

settled on a perennial drumming site (Gullion 1981), and may be excluded from high quality 

sites by territorial adult males (Marshall 1965, Small 1985; Chapter 3), which would account for 

the stronger selection of clearcuts by adult males.  

 

In contrast, during the breeding season females most often nest in mature stands having open 

understories and make extensive use of bottomlands as brood foraging habitat (Stewart 1956, 

Stauffer and Peterson 1985, Thompson et al. 1987, Fettinger 2002, Haulton et al. 2003). At this 

time it seems that the need for dense groundcover typical of mesic sites takes precedence over 

the species’ preference for early successional stands. Whether females rearing broods would 

make preferential use of the combination of early successional stands on mesic sites is an open 

question not directly addressed here. During winter, selection for mesic bottomlands by juvenile 

females was relatively weak, presumably because they are still actively prospecting for future 

breeding sites (Small and Rusch 1989). 

 

Importance of Forest Type 

The ecology of ruffed grouse appears to differ in many important ways between mixed 

mesophytic forests and oak-hickory forests. At the root of this dichotomy, ruffed grouse appear 

to be under greater nutritional stress in more xeric oak-hickory forests. Presumably this results in 

part from the rarity or absence of northern hardwoods such as birch (Betula spp.), aspen 

(Populus spp.) and cherries (Prunus spp.) in oak-hickory forests (Chapter 3); during winter and 

early spring buds and flowers of these trees afford a stable and accessible supply of high quality 

grouse foods in northern forests (Braun 1950, Servello and Kirkpatrick 1987). Also, stands on 

(xeric) upland soils may have limited value as foraging habitat due to the low abundance of 

herbaceous groundcover vegetation they support. The strong inverse relationship between home 

range size and mast crops in oak-hickory forests compared to the lack of response in mixed 

mesophytic forests provides compelling evidence that nutritional constraint directly influences 

grouse habitat use in oak-hickory forests (Chapter 3). Selection for mesic bottomlands was much 
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stronger in oak-hickory forests, particularly for females, and was strongly associated with 

selection for access routes. There also was a pronounced difference in seasonal strength of 

selection for mesic bottomlands by females in oak-hickory forests. Stewart (1956) suggested that 

grouse rearing broods selected mesic bottomlands in oak-hickory forests because they more 

closely resembled mixed mesophytic forests than did upland forests. Our analyses provide 

quantitative support for this contention. Stronger selection for clearcuts and a weaker tradeoff 

between selection for bottomlands and clearcuts on sites having mixed mesophytic forests may 

have occurred because ubiquity of mesic soils and presence of northern hardwoods relaxed a 

constraint imposed by food scarcity in oak-hickory forests. The habitat value of clearcuts may 

also have been greater in mesophytic forests, as these factors may also have led to increased food 

availability within these stands. 

 

Influence of Hard Mast Crops 

In addition to affecting home range size (Chapter 3), fall hard mast crops influenced habitat 

selection by ruffed grouse. Selection of access routes, particularly by female grouse, was 

stronger during fall-winter if mast crops were poor (Tables 4.4 and 4.9). This suggests that 

access routes provide an important alternate foraging habitat for grouse. In oak-hickory forests 

proper seeding and management of forest roads (e.g., Hollifield and Dimmick 1995) may provide 

food resources to buffer negative consequences of poor mast crops. The positive association 

between hard mast crops and selection of mesic bottomlands likely resulted from the association 

and productivity of trees producing high quality hard mast with rich soils in bottomlands (e.g., 

white oak and beech; Servello and Kirkpatrick 1987). The lack of association between hard mast 

crops and selection for clearcuts may be related to the function of early successional stands as 

escape cover, as well as a lack of mature mast producing trees. Also, clearcuts were used more 

by males, who are much more territorial than females and so may be less responsive to transient 

environmental conditions. 

 
Influence of Hunting on Habitat Selection  

A broadly supported prediction based on Darwinian fitness is that, to balance increased risk of 

mortality, animals will reduce their movements when predation risk is increased (Lima 1998). 

However, ruffed grouse used larger home ranges when under hunting pressure (Chapter 3; see 
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also Clark 2000). This led us to hypothesize that hunters, who typically have a general 

knowledge of grouse habitat needs and presumably allocate their hunting effort accordingly, 

pressure grouse out of preferred habitat types. We found evidence to support this line of 

reasoning; following closure of hunting, juvenile grouse made greater use of clearcuts, adult 

males made greater use of access routes, and all sex and age classes increased selection for mesic 

bottomlands. No sex or age class reduced use of any of these habitats following closure of 

hunting. Similar changes in habitat use in response to human disturbance have been reported for 

a diverse range of taxa (reviewed in Frid and Dill 2002). In particular, studies have reported that 

hunters concentrate their activities around access routes (Lyon and Burcham 1998, Brøseth and 

Pedersen 2000), and that human activity (including hunting) typically leads to avoidance of 

disturbed areas by game (Kilgo et al. 1998, Frid and Dill 2002).  

 

Hunting-induced avoidance of high-quality habitats may lead to indirect negative effects on 

ruffed grouse populations. Clearcuts provide important escape cover, and this habitat type as 

well as access routes and mesic bottomlands can be important foraging habitats for ruffed 

grouse. Consequently, avoidance of these habitat types in response to hunting pressure may 

result in increased risk of predation and reduced body condition, ultimately reducing survival and 

reproductive success in grouse populations (see also Frid and Dill 2002).  

 

Management Implications 

Our findings suggest several potentially beneficial habitat management actions. Most 

importantly, consideration of forest type should be incorporated into selection of both locations 

for management units and habitat management prescriptions. In mixed mesophytic forests 

traditional approaches, including creation of vegetated forest roads and openings (Hollifield and 

Dimmick 1995) and early successional stands, should be sufficient. In oak-hickory forests acorns 

are a key resource, and access routes appear to serve as alternate foraging habitats during poor 

mast years. Leaving some mature hard mast producing trees in harvested areas could enhance the 

value of these sites as grouse cover by providing a thick understory for escape cover in 

combination with increased and more dependable mast production by residual trees (e.g., 

Thompson and Dessecker 1997, Healy 2002). Management of roads and openings for food 

production through proper seeding (e.g., Hollifield and Dimmick 1995) could help to reduce 
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nutritional stress during poor mast years. Though we did not test this directly, our findings also 

suggest that locating some timber harvest units and vegetated access routes in bottomlands also 

may be beneficial in oak-hickory forests. This would likely be useful during winter, when early 

successional stands are used for escape cover and bottomlands for foraging. However we are less 

certain that this approach would be beneficial for broods during summer. Some authors have 

reported that broods use clearcuts and other dense stands (Thompson et al. 1987, Scott et al. 

1998, Rusch et al. 2000,  Dessecker and McAuley 2001, Fettinger 2002), while others have 

found that broods are found in mature stands having well developed understories (Stauffer and 

Peterson 1985, Haulton et al. 2003). One possibility is that dense herbaceous groundcover is 

more important to broods than high stem density, so early successional stands were used 

extensively only when found on mesic soils. Our observation that selection for clearcuts was 

stronger in mixed mesophytic forests, where mesic soils are ubiquitous, suggests that this is the 

case. This topic may warrant future research or an adaptive management approach. 

 

Finally, our observation that grouse make greater use of “preferred” habitats following closure of 

hunting suggests indirect effects on populations. Thus, where population persistence is a 

concern, managers should consider the potential negative consequences of hunting as being 

greater than harvests alone. While suspending hunting may be warranted in the most extreme 

circumstances, placing some management units far from hunter access points and gating roads 

will greatly reduce hunting pressure in distal locations (e.g., Brøseth and Pedersen 2000), thereby 

creating refugia for a portion of the population.  
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Table 4.1. Abbreviations for variables used in analyses of ruffed grouse habitat selection. See 

text for further details on calculation and interpretation of variables. 

 
Variable Description 

  

Acs Landscape-level selectivity for access routes (m/ha) 

Age Age; hatch-year (juvenile) or after-hatch-year (adult) 

CC Landscape-level selectivity for clearcuts (%) 

Core Core area ratio (50% kernel home range ÷ 95% kernel home range) 

For Dominant forest type on each study site: Oak-hickory or Mixed Mesophytic 

Ln75 Natural log-transformed area of the 75% kernel home range (ha) 

LsAcs Density of access routes in the landscape (m/ha) 

LsCC Availability of clearcuts in the landscape (%) 

LsTMI Availability of mesic bottomlands in the landscape (%) 

Mast Index of hard mast production by chestnut, red/black, and white oaks and beech 

Sex Male or female 

SA Sex and age combined into four classes (AM, AF, JM, JF) 

Sea Season (spring-summer or fall-winter) 

Site(For) ACGRP study site, nested within forest type (n = 10; see Figure 4.1) 

TMI Landscape-level selectivity for mesic bottomlands (%) 
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Table 4.2. Tests for third order (within home range) and second order (landscape scale) selection 

of habitat features by ruffed grouse on study sites in the Appalachians, 1996–2001. We used a 

one-tailed t-test to verify that the mean difference between use and availability was greater than 

zero, which would indicate that the habitat feature was being selected.  

 

Habitat  Spring-Summer   Fall-Winter 

Feature n Mean ± SE t P  n Mean ± SE t P 

          
Within HR          

     Access 356 3.67 ± 1.46 m/ha 2.51   0.0062  535 3.75 ± 1.24 m/ha 3.01   0.0013 

     Clearcuts 285 7.46 ± 1.23 % 6.06 <0.0001  455 5.29 ± 0.82 % 6.43 <0.0001 

      TMIa 354 0.72 ± 0.90 % 0.80   0.2118  534 1.48 ± 0.69 % 2.16   0.0156 

          

Landscape          

     Access 356 14.67 ± 1.38 m/ha 10.64 <0.0001  535 13.22 ± 1.07 m/ha 12.33 <0.0001 

     Clearcuts 285 18.2 ± 1.51 % 12.06 <0.0001  455 16.84 ± 1.17 % 14.37 <0.0001 

     TMIa 354 2.98 ± 0.77 % 3.55 <0.0001  534 1.84 ± 0.67 % 2.73   0.0032 

          
a TMI = Mesic Bottomlands 
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Table 4.3. Models explaining variation in within-home range and landscape-level selection (i.e. third order and second order selection, 

respectively; sensu Johnson 1980) for clearcuts during fall-winter and spring-summer by ruffed grouse in the Appalachian Mountains, 

1996-2001. We fit the same set of 37 a-priori models (including the null model) to both the within-home range and landscape-level 

data sets. Only “best” models having Akaike weights (ωi) >0.05 are presented, all of which were significant at P < 0.0001. See Table 

4.1 for definitions of explanatory variables, and Appendix B (Table B.1) for a list of all models tested. Data from KY1, MD1, and 

NC1 were dropped due to the absence of clearcuts on these study sites. 

 
Model n SSE K AICc ∆i R2 R2

adj ωi 
         
Clearcuts – within home range selectivity         

        

        

        

        

        
        

        

        

        

        

Y = β0 + For + Site(For) + SA + Acs + TMI + Ln75 + ε 729 238164 14 4248.8 0.0 0.094 0.079 0.54

Y = β0 + For + Site(For) + SA + Acs + TMI + Ln75 + SA×For + SA×TMI + For×TMI + 
SA×For×TMI + ε 729 231924 24 4250.6 1.8 0.118 0.090 0.22

Y = β0 + For + Site(For) + SA + Acs + TMI + Ln75 + LsCC + ε 729 238065 15 4250.6 1.8 0.094 0.078 0.22

Y = β0 + ε       (null model) 729 262875 2 4296.2 47.4 0.000 0.000 0.00

 
Clearcuts – landscape level selectivity 

Y = β0 + For + Site(For) + SA + Acs + TMI + Ln75 + SA×For + SA×TMI + For×TMI + 
SA×For×TMI + ε 729 317449 24 4479.4 0.0 0.315 0.294 0.93

Y = β0 + For + Site(For) + SA + Acs + TMI + Ln75 + ε 729 329472 14 4485.4 6.0 0.290 0.278 0.05

Y = β0 + ε       (null model) 729 463759 2 4710.0 230.6 0.000 0.000 0.00
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Table 4.4. Models explaining variation in within-home range and landscape-level selection (i.e. third order and second order selection, 

respectively; sensu Johnson 1980) for access routes during fall-winter and spring-summer by ruffed grouse in the Appalachian 

Mountains, 1996–2001. We fit the same set of 36 a-priori models (including the null model) to both the within-home range and 

landscape-level data sets. Only those models having Akaike weights (ωi) >0.05 are presented, all of which were significant at P < 

0.0001. See Table 4.1 for definitions of explanatory variables, and Appendix B (Table B.2) for a list of all models tested.  Data from 

the NC1 study site were dropped due to the lack of information on mast crops. 

 
Model n SSE K AICc ∆i R2 R2

adj ωi 
         
Access Routes – within home range selectivity         

        

        

        

        

        

        

        
        

        

        

        

        

 

Y = β0 + For + Site(For) + Sex + Sea + CC + TMI + Mast + Ln75 + Mast×Sea + TMI×For + ε 865 661580 18 5780.1 0.0 0.051 0.033 0.38

Y = β0 + For + Site(For) + Sex + Sea + CC + TMI + Mast + Mast×Sea + TMI×For + ε 865 663647 17 5780.7 0.6 0.048 0.031 0.28

Y = β0 + For + Site(For) + Sex + Sea + CC + Mast + Mast×Sea + Sex×Sea + ε 865 666514 16 5782.4 2.3 0.044 0.028 0.12

Y = β0 + For + Site(For) + Sex + Sea + CC + TMI + Mast + LsAcs + Mast×Sea + TMI×For + ε 865 663631 18 5782.8 2.7 0.048 0.030 0.10

Y = β0 + For + Site(For) + SA + Sea + CC + TMI + Mast + Ln75 + Mast×Sea + TMI×For + ε 865 661478 20 5784.2 4.1 0.051 0.031 0.05

Y = β0 + ε       (null model) 865 696972 2 5792.4 12.3 0.000 0.000 0.00

 
Access Routes – landscape level selectivity  

Y = β0 + For + Site(For) + Sex + Sea + CC + TMI + Mast + Ln75 + Mast×Sea + TMI×For + ε 865 442429 18 5432.1 0.0 0.203 0.187 0.68

Y = β0 + For + Site(For) + SA + Sea + CC + TMI + Mast + Ln75 + Mast×Sea +  TMI×For + ε 865 441368 20 5434.2 2.1 0.204 0.188 0.24

Y = β0 + ε       (null model) 865 554798 2 5595.1 163.0 0.000 0.000 0.00
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Table 4.5. Models explaining variation in within-home range and landscape-level selection (i.e. third order and second order selection, 

respectively; sensu Johnson 1980) for mesic bottomlands during fall-winter and spring-summer by ruffed grouse in the Appalachian 

Mountains, 1996–2001. We fit the same set of 36 a-priori models (including the null model) to both the within-home range and 

landscape-level data sets. Only those models having Akaike weights (ωi) >0.05 are presented, all of which were significant at P < 

0.0001. See Table 4.1 for definitions of explanatory variables, and Appendix B (Table B.3) for a list of all models tested.   

 
Model n SSE K AICc ∆i R2 R2

adj ωi 
         
Mesic Bottomlands – within home range selectivity         

        

        

        

        

        

        
        
        

        

        

        

        

        

        

        
        

 

Y = β0 + For + Site(For) + SA + CC + ACS + Mast + LsTMI + SA×For + εa 865 213746 20 4807.0 0.0 0.092 0.072 0.42

Y = β0 + For + Site(For) + CC + Acs + Mast + LsTMI + ε 865 217387 14 4809.1 2.1 0.076 0.063 0.15

Y = β0 + For + Site(For) + CC + Acs + Mast + ε 865 217970 13 4809.3 2.4 0.073 0.062 0.13

Y = β0 + For + Site(For) + Sex + Sea + CC + Acs + Mast + LsTMI + Sex×Sea + ε 865 215937 17 4809.5 2.5 0.083 0.066 0.12

Y = β0 + For + Site(For) + CC + Acs + LsTMI + ε 865 218271 13 4810.5 3.6 0.073 0.061 0.07

Y = β0 + ε       (null model) 865 235355 2 4853.3 46.3 0.000 0.000 0.00
 
Mesic Bottomlands – landscape level selectivity 

Y = β0 + For + Site(For) + Sea + CC + LsTMI + For×Sea + εa 865 184761 14 4668.4 0.0 0.088 0.075 0.27

Y = β0 + For + Site(For) + SA + Sea + CC + Acs + LsTMI + Ln75 + SA×Acs + For×Sea + ε 865 181463 22 4669.6 1.1 0.104 0.082 0.15

Y = β0 + For + Site(For) + SA + Sea + CC + Acs + LsTMI + SA×Acs + For×Sea + ε 865 181985 21 4669.9 1.5 0.102 0.081 0.13

Y = β0 + For + Site(For) + CC + Acs + LsTMI + ε 865 185684 13 4670.7 2.2 0.083 0.071 0.09

Y = β0 + For + Site(For) + SA + Sea + CC + Acs + Ln75 + SA×Acs + For×Sea + ε 865 182229 21 4671.1 2.7 0.100 0.080 0.07

Y = β0 + For + Site(For) + CC + Acs + Mast + ε 865 185932 13 4671.8 3.4 0.082 0.070 0.05

Y = β0 + ε       (null model) 865 202552 2 4723.5 55.0 0.000 0.000 0.00
 5 a Post hoc tests indicated that models would have been substantially improved through inclusion of a For×Acs interaction.
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Table 4.6. Relative Importance Values (RIV) for explanatory variables included in the sets of a-

priori model presented in Tables 4.3–4.5. RIVs are the sum of the Akaike weights for all models 

incorporating a particular variable. A dash indicates that that variable was not included in any of 

the candidate models. See Table 4.1 for definitions of variables. 

 
 Clearcuts Access Routes Mesic Bottomlands 

  Home Range Landscape Home Range Landscape Home Range Landscape 

       
Acs 0.99 1.00 - - 0.92 0.66 
CC - - 0.99 1.00 0.95 0.99 
Core 0.00 0.00 0.01 0.00 0.00 0.02 
For + Site(For) 0.99 1.00 0.99 1.00 0.98 0.99 
Ln75 0.98 1.00 0.44 0.99 0.00 0.24 
LsAcs - - 0.10 0.01 - - 
LsCC 0.22 0.02 - - - - 
LsTMI - - - - 0.80 0.76 
Mast 0.00 0.00 0.94 0.93 0.87 0.13 
Sex 0.00 0.00 0.93 0.69 0.17 0.05 
SA 0.99 1.00 0.06 0.31 0.44 0.49 
Sea 0.00 0.00 0.96 0.95 0.17 0.70 
TMI 0.99 1.00 0.95 0.98 - - 
For×Sea 0.00 0.00 0.00 0.00 0.00 0.64 
SA×Acs - - - - 0.01 0.42 
SA×For 0.22 0.93 0.00 0.00 0.42 0.00 
SA×Sea 0.00 0.00 0.00 0.00 0.00 0.01 
Sex×Sea 0.00 0.00 0.15 0.00 0.15 0.04 
Sex×For 0.00 0.00 0.01 0.00 0.00 0.00 
TMI×SA 0.22 0.93 0.00 0.00 - - 
TMI×For 0.22 0.93 0.82 0.93 - - 
TMI×Sex 0.00 0.00 0.01 0.00 - - 
Mast×Sex 0.00 0.00 0.00 0.00 0.00 0.00 
Mast×Sea 0.00 0.00 0.93 0.93 0.02 0.01 
Mast×For 0.00 0.00 0.00 0.00 0.01 0.00 
Mast×For×Sea 0.00 0.00 0.00 0.00 0.00 0.00 
TMI×SA×For 0.22 0.93 0.00 0.00 - - 
TMI×Sex×For 0.00 0.00 0.01 0.00 - - 
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Table 4.7. Selectivity for clearcuts, mesic bottomlands (TMI), and access routes (Access) 

compared between pairs of fall-winter and spring-summer home ranges for individual grouse, 

1996–2001. Spring-summer home ranges were from the breeding season immediately following 

the collection of the fall-winter home range. Positive differences indicate stronger selection for 

the feature during fall-winter, while negative difference values indicate stronger selection during 

spring-summer.  

 

Habitat feature Sex Ordera 
(scale) n Fall- 

winterb 
Spring-

summerb Differenceb  tc P 

         
Access (m/ha) M 2nd  58 17.7 ± 3.5 13.5 ± 3.8 4.2 ± 3.1 1.36 0.18 
  3rd  58 7.5  ± 4.4 3.2 ± 4.0 4.2 ± 5.2 0.81 0.42 
 F 2nd 88 7.7 ± 1.8 13.6 ± 2.4 -5.9 ± 2.3 2.58 0.01 
  3rd 88 -4.0 ± 2.0 6.9 ± 2.6 -10.9 ± 3.6 3.07 <0.01 
         
% Clearcuts  M 2nd  46 20.3 ± 4.4 22.3 ± 4.5 -2.0 ± 2.5 0.82 0.42 
  3rd  46 5.5 ± 3.0 7.0 ± 3.7 -1.4 ± 3.1 0.46 0.65 
 F 2nd 76 12.7 ± 2.5 11.8 ± 2.5 0.9 ± 2.1 0.40 0.69 
  3rd 76 4.6 ± 1.9 1.2 ± 1.6 3.5 ± 2.4 1.46 0.15 
         
% TMI – MMd M 2nd  29 1.3 ± 2.9 -2.6 ± 2.1 3.9 ± 1.7 2.28 0.03 
  3rd  29 -3.6 ± 2.6 -8.1 ± 2.2 4.5 ± 3.2 1.42 0.17 
 F 2nd 50 2.7 ± 2.0 2.6 ± 1.8 0.1 ± 1.7 0.08 0.94 
  3rd 50 2.8 ± 1.5 0.1 ± 2.2 2.6 ± 2.6 1.02 0.31 
         
% TMI – O-Hd  M 2nd  28 7.2 ± 3.8 5.8 ± 3.5 1.4 ± 3.5 0.40 0.70 
  3rd  28 8.7 ± 4.2 -3.4 ± 4.3 12.1 ± 5.4 2.22 0.04 
 F 2nd 38 4.6 ± 2.1 9.1 ± 2.0 -4.5 ± 1.9 2.44 0.02 
  3rd 38 7.7 ± 3.2 13.0 ± 3.0 -5.3 ± 4.2 1.26 0.22 
         
a 2nd order = landscape level selection; 3rd order selection = within home ranges. 
b Mean ± SE 
c Paired t-test 
d MM = study sites having Mixed Mesophytic forests (MD1, NC1, PA1, VA3, WV1); O-H = 
sites having oak-hickory forests (RI1, WV2, VA1, VA2, KY1). 
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Table 4.8. Comparison of selectivity for clearcuts, mesic bottomlands (TMI), and access routes 

(Access) between pairs of fall-winter home ranges for individual grouse first tracked as juveniles 

(i.e. first winter birds) and then as adults during the following year. Positive differences indicate 

stronger selection for the feature as adults, while negative differences indicate stronger selection 

as juveniles.  

 

Habitat feature Sex Ordera 
(scale) n Adultb Juvenileb Differenceb  tc P 

         
Access (m/ha) M 2nd  33 16.8 ± 4.6 12.4 ± 3.7 4.4 ± 5.1 0.86 0.40 

  3rd  33 8.3 ± 6.0 3.3 ± 4.0 5.0 ± 7.1 0.71 0.48 

 F 2nd 17 7.3 ± 5.0 4.7 ± 3.8 2.6 ± 3.8 0.69 0.50 

  3rd 17 1.9 ± 7.5 -12.3 ± 4.4 14.1 ± 8.3 1.70 0.11 
         
% Clearcuts M 2nd  31 15.5 ± 4.7 12.3 ± 3.8 3.2 ± 3.9 0.84 0.41 

  3rd  31 5.6 ± 3.5 6.9 ± 3.1 -1.4 ± 4.2 0.33 0.75 

 F 2nd 17 11.2 ± 6.5 13.6 ± 5.0 -2.3 ± 2.4 0.97 0.35 

  3rd 17 -2.1 ± 3.5 -0.1 ± 3.1 -2.0 ± 4.3 0.47 0.64 
         
% TMI – MMd M 2nd  15 3.8 ± 3.9 1.8 ± 3.1 2.0 ± 3.6 0.55 0.59 

  3rd  15 1.7 ± 3.6 1.4 ± 2.7 0.3 ± 2.1 0.13 0.90 

 F 2nd 7 9.7 ± 7.3 10.9 ± 6.5 -1.1 ± 2.5 0.45 0.67 

  3rd 7 0.1 ± 4.4 -0.6 ± 4.1 0.7 ± 5.7 0.13 0.90 
         
% TMI – O-Hd M 2nd  18 6.9 ± 4.2 6.4 ± 3.8 0.6 ± 2.6 0.22 0.83 

  3rd  18 10.7 ± 4.6 10.4 ± 2.9 0.4 ± 3.7 0.10 0.92 

 F 2nd 10 9.8 ± 6.0 -3.5 ± 4.1 13.3 ± 4.2 3.16 0.01 

  3rd 10 6.7 ± 7.4 -0.8 ± 4.1 7.5 ± 6.3 1.19 0.26 
         
a 2nd order = landscape level selection; 3rd order selection = within home ranges. 
b Mean ± SE 
c Paired t-test 
d MM = study sites having Mixed Mesophytic forests (MD1, NC1, PA1, VA3, WV1); O-H = 
sites having oak-hickory forests (RI1, WV2, VA1, VA2, KY1). 
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Table 4.9. Test for influence of hard mast crops on selection for clearcuts, mesic bottomlands 

(TMI), and access routes (Access) between pairs of fall-winter home ranges for individual adult 

grouse. For individual adult grouse tracked during >1 fall-winter we classified each home range 

as either high mast or low mast based on the relative value of the mast index for that study site 

during those years. When an individual was tracked for >2 years we used the pair of home ranges 

from the years having the greatest difference in mast index. Positive differences indicate stronger 

selection for the feature during good mast years, while negative differences indicate stronger 

selection during poor mast years.  

 

Habitat feature Sex Ordera 
(scale) n High mastb Low mastb Differenceb  tc P 

         
Access (m/ha) M 2nd  40 19.4 ± 4.9 17.9 ± 3.5 1.5 ± 3.4 0.44 0.66 
  3rd  40 9.1 ± 5.5 14.2 ± 5.2 -5.1 ± 5.2 0.98 0.33 
 F 2nd 38 8.8 ± 3.1 16.1 ± 3.1 -7.3 ± 2.5 2.89 0.01 
  3rd 38 -6.2 ± 3.1 4.6 ± 3.1 -10.8 ± 3.5 3.07 <0.01 
         
% Clearcuts M 2nd  32 26.5 ± 5.5 22.9 ± 5.0 3.6 ± 2.7 1.34 0.19 
  3rd  32 10.5 ± 4.5 7.8 ± 3.3 2.6 ± 4.2 0.62 0.54 
 F 2nd 34 12.5 ± 3.5 11.0 ± 3.8 1.5 ± 3.1 0.48 0.64 
  3rd 34 1.9 ± 2.6 3.3 ± 3.0 -1.4 ± 2.4 0.57 0.57 
         
% TMI – MMd M 2nd  23 -3.3 ± 2.5 -0.8 ± 3.0 -2.6 ± 2.3 1.12 0.28 
  3rd  23 -5.3 ± 2.2 -4.6 ± 3.0 -0.7 ± 2.2 0.31 0.76 
 F 2nd 21 5.0 ± 2.6 2.9 ± 3.0 2.1 ± 1.6 1.28 0.21 
  3rd 21 3.5 ± 2.5 0.3 ± 2.2 3.1 ± 2.4 1.28 0.22 
         
% TMI – O-Hd M 2nd  17 2.5 ± 7.1 -2.9 ± 3.8 5.3 ± 4.7 1.13 0.27 
  3rd  17 10.6 ± 6.1 -0.6 ± 4.3 11.2 ± 6.1 1.84 0.09 
 F 2nd 17 5.2 ± 4.0 3.2 ± 2.2 2.0 ± 3.7 0.55 0.59 
  3rd 17 2.7 ± 5.0 8.3 ± 4.0 -5.6 ± 6.7 0.84 0.41 
         
a 2nd order = landscape level selection; 3rd order selection = within home ranges. 
b Mean ± SE 
c Paired t-test 
d MM = study sites having Mixed Mesophytic forests (MD1, NC1, PA1, VA3, WV1); O-H = 
sites having oak-hickory forests (RI1, WV2, VA1, VA2, KY1). 
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Table 4.10. Effect of hunting closure on within-home range selection of clearcuts by ruffed 

grouse. The response variable was the difference in percent cover of clearcuts between 95 and 

50% kernel home ranges, averaged across grouse for each site each year. Data were analyzed 

using a repeated measure mixed linear model fit using restricted maximum likelihood (REML) 

estimation (n = 77). Sites having no clearcuts were excluded from the dataset. 

 

Source Numerator df Denominator df F  
(Type III) P 

     
Phase 1 64.6 6.43 0.0137 

Treatment 1 22.4 0.11 0.7410 

Age 1 62.5 2.70 0.1056 

LN75 1 21.8 7.59 0.0116 

Phase×Treatment 1 64.6 7.42 0.0083 

LN75×Treatment 1 21.8 0.10 0.7573 

LN75×Phase 1 64.9 6.27 0.0148 

LN75×Phase×Treatment 1 64.9 6.90 0.0107 

Age×Treatment 1 62.5 0.97 0.3274 

Age×Phase 1 65 0.99 0.3225 

Age×Phase×Treatment 1 65 7.14 0.0095 
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Table 4.11. Effect of hunting closure on within-home range selection of access routes by ruffed 

grouse. The response variable was the difference in density (m/ha) of roads and trails between 95 

and 50% kernel home ranges, averaged across grouse for each site each year. Data were analyzed 

using a repeated measure mixed linear model fit using restricted maximum likelihood (REML) 

estimation (n = 106). 

 

Source Numerator df Denominator df F  
(Type III) P 

     
Phase 1 84.6 2.00 0.1611 

Treatment 1 5.34 0.20 0.6754 

SexAge 3 86.6 2.05 0.1126 

Phase×Treatment 1 84.6 <0.01 0.9644 

SexAge×Treatment 3 86.6 1.77 0.1584 

SexAge×Phase 3 86.6 1.65 0.1834 

SexAge×Phase×Treatment 3 86.6 2.31 0.0814 
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Table 4.12. Effect of hunting closure on landscape scale selection of mesic bottomlands by 

ruffed grouse. The response variable was the difference in percent cover of mesic bottomlands 

between the 75% kernel home range and the landscape, averaged across grouse for each site each 

year. Data were analyzed using a repeated measure mixed linear model fit using restricted 

maximum likelihood (REML) estimation (n = 134).  

 

Source Numerator df Denominator df F  
(Type III) P 

     
Phase 1 125 1.16 0.2827 

Treatment 1 7.4 1.99 0.1992 

SexAge 3 121.0 2.27 0.0842 

LN75 1 126.0 11.91 0.0008 

Phase×Treatment 1 125.0 4.95 0.0279 
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Table 4.13. Effect of hunting on strength of selection for access routes, clearcuts, and mesic 

bottomlands by Appalachian ruffed grouse. During Phase I hunting was open on all sites, while 

during Phase II hunting was closed on treatment sites (n = 3) but remained open on control sites.  

 
Habitat and scale Phase I (1996–1999) Phase II (1999–2001) 

     Class and treatment n Mean ± SEa n Mean ± SEa 

     
Clearcuts, within home ranges (%)     

     Juveniles, control sites 7 12.73 ± 3.90 12 5.67 ± 2.97 

     Juveniles, treatment sites 9 0.31 ± 3.79 6 14.73 ± 4.32 

     Adults, control sites 9 1.61 ± 3.42 15 3.18 ± 2.65 

     Adults, treatment sites 11 8.06 ± 3.00 8 3.59 ± 3.80 
     
Access routes, within home ranges (m·ha-1)     

     Juvenile females, control sites 7 -1.41 ± 7.35  6 19.27 ± 7.99  

     Juvenile females, treatment sites 8 -4.17 ± 6.84 4 12.90 ± 9.81 

     Adult females, control sites 8 2.28 ± 6.87 8 4.13 ± 6.92 

     Adult females, treatment sites 8 0.01 ± 6.84 5 -3.27 ± 8.75 

     Juvenile males, control sites 6 -7.54 ± 7.92  7 0.16 ± 7.41  

     Juvenile males, treatment sites 5 3.93 ± 8.75 4 -13.59 ± 9.81 

     Adult males, control sites 7 4.04 ± 7.33 9 -3.26 ± 6.50  

     Adult males, treatment sites 9 4.24 ± 6.44 5 29.49 ± 8.75 
     
Mesic bottomlands, Landscape scale (%)     

     All sex and age classes, control sites 44 2.68 ± 2.10 40 0.83 ± 2.01 

     All sex and age classes, treatment sites 31 3.43 ± 2.68 19 8.79 ± 2.95 
     

a Least squares means from analyses reported in Tables 4.10–4.12
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Figure 4.1. Locations of ACGRP study sites (1996–2001), with the southern limit of the 

geographic range of ruffed grouse indicated by the dotted line. Square markers identify study 

sites having predominantly oak-hickory forests, while those typified by mixed mesophytic 

forests are identified with circles.  
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Figure 4.2. Proportion of clearcuts in 75% kernel home ranges of Appalachian ruffed grouse as a 

function of landscape availability of clearcuts. Values are the mean (± SE) for all adult male or 

female grouse home ranges from each study site (n = 714). The solid line represents the 

hypothetical null case of use in proportion to availability, while the dotted line represents 

selection by males and the dashed line represents selection by females. 
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Figure 4.3. Landscape scale selection of access routes by Appalachian ruffed grouse as a 

function of landscape availability of clearcuts. Values are the mean (± SE) for all grouse home 

ranges from each study site (n = 1053). Study sites were omitted if no clearcuts were present. 



CHAPTER 5: EFFECT OF PRESCRIBED BURNING OF CLEARCUTS ON HABITAT SUITABILITY FOR 

RUFFED GROUSE  

 

ABSTRACT – We conducted an experiment to assess the value of prescribed burning of clearcuts 

as a technique to improve the value of clearcuts as habitat for ruffed grouse (Bonasa umbellus) in 

oak-hickory forests in western Virginia. Six <1 year old clearcuts were each divided in two, and 

one half of each was designated for prescribed burning during late fall or winter. An extended 

drought during the course of our study hindered application of prescribed fire, and only four of 

the six treatment areas were burned. Habitat conditions were monitored on burned and unburned 

portions of clearcuts during the growing season preceding treatment, and then during the two 

subsequent growing seasons. Excessive Coarse Woody Debris (CWD) can hinder movements of 

grouse chicks and inhibit growth of plant foods; prescribed burning reduced density of small-

diameter CWD approximately 50%. Numbers of some early successional plants were greater on 

burned than control sites by the second growing season post-treatment, while some species 

associated with shaded sites, including red maple (Acer rubrum), declined due to burning. 

Numbers of soft mast producing shrubs, which had been reduced by burning, appeared to be 

increasing rapidly on burned sites by the second growing season post-treatment. Insect 

availability was ≈38% greater on burned areas during the second growing season after treatment. 

Taken together, these findings suggest that prescribed burning can improve the value of clearcuts 

as grouse habitat; however clearcuts were still too young to be used extensively by grouse at the 

conclusion of this study.    

 

INTRODUCTION 

 

Historically, fire has been viewed as a destructive and dangerous phenomenon in forest 

ecosystems, causing economic losses and degradation of forest wildlife habitat. This attitude led 

to an aggressive and successful program of fire suppression in North America during the 20th 

century, which virtually excluded wildfire from most forests. However, in recent decades 

attitudes towards fire in forest ecosystems have changed. A majority of natural resource 

professionals now view fire as a natural phenomenon to which plants and animals in many forest 

ecosystems are well adapted, and many species prosper in or even depend on pyrogenic habitats 
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(Yahner 2000). Consequently, while suppression of wildfire is still the norm for economic and 

safety reasons, negative consequences of overzealous exclusion of fire from forests are widely 

acknowledged, and forest managers generally view controlled or “prescribed” application of fire 

as a valuable silvicultural technique (Smith et al. 1997). In central Appalachian broadleaf forests, 

wildfires are most often low-intensity ground fires, burning dead wood, shrubs, and leaf litter on 

the forest floor, and killing only thin-barked fire-intolerant trees such as red maple (Acer 

rubrum) and beech (Fagus grandifolia) (Yahner 2000). Consequently, in this region prescribed 

fire is often used in understory burns to “clean up” the forest floor and rejuvenate understory 

vegetation. Following forest harvesting operations, prescribed burning can be used to reduce 

accumulations of slash, stimulate growth of groundcover vegetation, and favor oak regeneration 

(Thompson and Dessecker 1997, Yahner 2000).   

 

Wildfire was a natural and regular occurrence in forest ecosystems throughout much of the 

geographic range of ruffed grouse (Bonasa umbellus) (Gullion 1972, Lorimer 2001). Thus, it is 

not unreasonable to expect that this species, which makes extensive use of early successional 

vegetation, has evolved to take advantage of pyrogenic habitats (Sharp 1970). Marshall and 

Gullion (1963) suggested that the advent of anthropogenic fire suppression during the 20th 

century was largely responsible for long-term declines in grouse abundance in Minnesota, and 

similar adverse effects likely have occurred in the central Appalachians (Dessecker and McAuley 

2001, Lorimer 2001). Though prescribed burning has been recommended as a technique to 

improve ruffed grouse habitat (e.g., Miller 1963, Sharp 1970, Gullion 1972, Kubisiak 1985), few 

studies have documented the suitability of burned habitats for this species. Euler and Thompson 

(1978) reported that adult grouse showed a marked preference for burned areas during the first 

30 days following early spring burns, primarily due to an increase in the availability of insect 

prey. Consumption of insects was attributed primarily to hens, and it was hypothesized that this 

may help to offset the protein demands of egg production. Rogers and Samuel (1984), working 

with imprinted juvenile grouse, reported that the rate at which grouse captured invertebrates 

increased in recently thinned and burned forests, while the rate of feeding on plants was higher 

on 2 year old burned sites than on controls. Escape cover, as measured by the ability of chicks to 

conceal themselves within 5 seconds of an alarm call, was enhanced on 2-year old burns (Rogers 

and Samuel 1984). 
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Sharp (1970) listed three main beneficial effects of fire on ruffed grouse habitat. First, burning 

reduces quantities of groundcover litter and woody debris, which may act as barriers to grouse 

chick movement and inhibit growth of herbaceous foods. Second, fire can improve foraging 

conditions by stimulating growth and soft mast production by herbaceous plants and woody 

shrubs. Third, fire may aid in controlling diseases of food plants, which in some cases have 

caused large reductions in grouse forage availability. Burning also may improve the nutritional 

value and palatability of plants eaten by grouse (Thackston et al. 1982), which could also 

indirectly lead to increased availability of arthropods (e.g., Taylor 2003), an important food for 

grouse chicks (Rusch et al. 2000). 

 

The objective of this study was to measure the effect of prescribed burning of newly created 

clearcuts on habitat features considered important to ruffed grouse. An experimental approach 

was employed, whereby six new clearcuts (<1 year post-harvest) were divided approximately in 

two using existing firebreaks, and one half of each was then treated with prescribed fire during 

winter or early spring.  

 

METHODS 

 

Monitoring was conducted on the Camp Ridge timber sale on the Deerfield Ruffed Grouse 

Management Area (RGMA; ACGRP VA1 study site), a 2,000 hectare unit of the Deerfield 

Ranger District of George Washington-Jefferson National Forest, Augusta County, Virginia. 

Forest cover on treated sites represented the oak-hickory association (Braun 1950). Dominant 

tree species included white, chestnut, red, scarlet, and black oak (Quercus alba, Q. prinus, Q. 

rubra, Q. coccinea, and Q. velutina, respectively), shagbark, pignut, bitternut and mockernut 

hickory (Carya ovata, C. glabra, C. cordiformis, and C. tomentosa, respectively), white, 

Virginia, pitch, and Table Mountain pine (Pinus strobus, P. virginiana, P. rigida, and P. 

pungens, respectively), black gum (Nyssa sylvatica), black locust (Robinia pseudoacacia), and 

red maple (Acer rubrum). In the understory, mountain laurel (Kalmia latifolia) often formed 

dense evergreen thickets, and blueberries (Vaccinium spp.) and huckleberries (Gaylussacia spp.) 

were locally abundant. 
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Six clearcuts harvested during the fall-winter of 1996-1997 were selected for this study and were 

designated Blocks A–F. Clearcuts were divided approximately in two based on existing 

firebreaks (e.g., skid roads), and one half of each clearcut was designated for prescribed burning. 

Units designated for burning averaged approximately 1.7ha, and, where fire control was not an 

issue, were randomly selected. USDA Forest Service specialists from the Deerfield Ranger 

District conducted prescribed burning following established fire control protocols. Prescribed 

burns were scheduled for late fall and winter of 1997-1998, but were to be carried out only if 

environmental conditions were appropriate on a day when adequate personnel were available. 

Weather and litter moisture were monitored so that burns could be timed to favor combustion of 

soil surface litter, vegetation, and slash up to diameters of 1.25cm (0.5 inches). Prior to burning 

(fall 1997), site preparation typical for the region was carried out on all clearcuts. This involved 

felling of all residual trees on clearcuts to bring the stands to age 0 for even aged management.  

 

To monitor changes in habitat features resulting from prescribed burning, we established a series 

of 0.04ha fixed monitoring plots in each treatment and control unit. We sampled these during the 

summer preceding prescribed burning and during each of the two subsequent growing seasons 

(July-August). Numbers of monitoring plots ranged from 6–14 per unit depending on clearcut 

size, and were balanced between control and treatment units within each clearcut. We attempted 

to place plots in random locations, however plots were large enough that we effectively sampled 

the maximum number of plots possible on most units, and plots were approximately adjacent to 

one another.  

 

The center of each plot was permanently marked with a steel stake, and 11.3 m transects were 

established in each cardinal direction (i.e. North, South, East and West). All vegetation >0.5m 

tall occurring within 1m of the North-South transects was tallied according to species, height 

(0.5–1.0, 1.0–2.0, >2m) and number of stems (total area sampled = 45.2m2). All Coarse Woody 

Debris (CWD) intersecting the East/West transect was tallied by size classes selected to reflect 

standards for fire behavior fuel models (Anderson 1982). These were <0.25 inch (0.6cm; one 

hour fuels), 0.25–1 inch (0.6–2.5cm; 10h fuels), 1–3 inches (2.5–7.6cm; 100h fuels), 3–8 inches 

(7.6–20.3cm; 1,000h fuels), and >8 inches (>20.3cm; 10,000h fuels). Twigs <0.25 inch diameter 
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that were in contact with the soil were considered surface litter and not recorded. Groundcover 

quadrats were established at the apex of each transect (4 × 1m2 per plot). Within each quadrat all 

herbaceous and low shrub plants (<0.5m tall) were tallied by species. Because growth form made 

enumeration of individuals problematic, cinquefoil (Potentilla spp.), mosses (Bryophyta), 

grasses (Poaceae), and sedges (Cyperaceae) were quantified by percent groundcover. Also, 

percent groundcover was estimated for five cover classes (organic soil and litter, wood, 

vegetation, rock, mineral soil). Finally, groundcover mast production was quantified by counting 

the number of seed heads or fruit within each 1m2 quadrat.  

 

During summer 1999 we measured insect availability on prescribe-burned and control units on 

clearcuts which had been treated with prescribed fire two winters previously. Insects were 

sampled at five stations in each burned and control unit using a yellow double-sided tanglefoot 

(sticky) trap suspended at a height of 0.25–0.5m (Aerokure International Inc.; 2 × 25cm × 10cm 

= 500cm2 surface area). These passive traps capture active insects, and are unlikely to capture 

nonvolant species. Traps were first set on June 2, and captures were recorded and a fresh 

tanglefoot trap installed at 1-week intervals for the subsequent three weeks. This time period 

corresponded approximately with the period during which newly hatched grouse chicks on the 

site would have been foraging heavily on insects (Rusch et al. 2001; ACGRP, unpublished data). 

After each weeklong sampling event we tallied the number of insects captured on a trap by 

length (<2mm, 2–4mm, 4–6mm, 6–10mm, >10mm) and order (Coleoptera, Diptera, Hemiptera, 

Hymenoptera, Lepidoptera, or other). Due to their generally poor condition and small size, 

insects <2mm in length were not classified to order. To avoid pseudoreplication resulting from 

repeated sampling of each station over time, we used the total number of captures of each class 

of insects over the three week period for statistical analyses. 

 

Finally, we carried out flush counts in an attempt to document use of treatment and control areas 

by ruffed grouse. During these flush counts two observers walked slowly abreast of one another, 

3–5m apart, and repeatedly traversed the unit until it had been completely surveyed 

(approximately 20 min). In attempt to locate grouse associated with the periphery of clearcuts 

surveyors also searched mature forests to approximately 5m beyond the clearcut edge. 
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Because site preparation resulted in an increase in coarse woody debris on both treatment and 

control plots between our pre- and post-burning sampling events, and because insects were only 

sampled during one year, statistical analyses of these data were restricted to within-year 

comparisons. We analyzed data using a mixed model, where Treatment (burn or control) and 

Block (clearcut) were entered as fixed effects, and a Block×Treatment interaction was included 

as a random effect (Bennington and Thayne 1994; PROC MIXED, SAS Institute, Cary, NC). To 

avoid pseudoreplication, observations from individual monitoring plots or insect trapping 

stations were entered as subsamples within blocks, and blocks were considered the sampling 

unit.  

 

For all other datasets we analyzed observations from all three years in a single repeated measures 

mixed model (PROC MIXED, SAS Institute, Cary, NC). In these analyses Block, Treatment, and 

Year were fixed effects, where Year was scaled as pretreatment, one year post-treatment, or two 

years post-treatment. A significant Treatment×Year interaction would indicate a divergence in 

conditions on treatment and control plots resulting from prescribed burning. To avoid 

pseudoreplication we used the average value from all sampling plots within a treatment or 

control portion of a clearcut for each year as our observations, and specified that data from 

different years were repeated measures.  

 

For all analyses we report the least squares means and standard errors from our statistical models 

as parameter estimates. Relationships were considered statistically significant at α = 0.10.  

 

RESULTS 

 

As planned, treatment units in clearcuts A, B, and D were prescribe-burned during the fall and 

winter of 1997-1998. However an extended drought made conditions unsafe for burning during 

much of the designated treatment window. Thus, clearcut F was not burned until winter 1999, 

and we were unable to prescribe-burn clearcuts C and E. Consequently, we dropped clearcuts C 

and E from our analyses, and, to include two growing seasons post-burn, extended sampling for 

an extra year on clearcut F. On clearcuts A, B, and D approximately 50% of the length of each 

22.6m sampling transect showed evidence of burning, while 42–57% of 1m2 quadrats were 
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heavily burned (Figures 5.1 and 5.2). Conditions were dry when clearcut F was treated, leading 

to more extensive and intensive burning than desired. Greater than 90% of each 22.6m transect 

showed evidence of burning (Figure 5.1) and >80% of groundcover quadrats were heavily 

burned (Figure 5.2).  

 

As expected, there was a net reduction in dead wood (CWD) on burned units, which was greatest 

for the smallest diameter classes (Table 5.1). Apparent increase in the amount of CWD between 

pre- and post-burning samples (Table 5.1) resulted from the silvicultural preparation of clearcuts 

for burning, where all residual stems, primarily subdominant trees, were felled.  

 

Prescribed burning appeared to alter groundcover in sampling quadrats; after burning, mean 

percent cover of organic soil and wood were lower, while exposure of mineral soil and rock 

increased. However, none of these relationships was statistically significant (Table 5.2). Percent 

cover of mosses was lower on burned portions of clearcuts (Table 5.3). Percent cover of grasses 

and sedges increased through the course of our monitoring, but did not differ statistically 

between treatment and burned portions of clearcuts (Table 5.3). Counts of forbs increased 

dramatically in the first year post-treatment on both treatment and control units, and then 

dropped to near pre-treatment levels during the last year of sampling (Table 5.3). This pattern 

resulted primarily from an irruption in numbers of fireweed (Erechtites hieracifolia) during the 

second year of the study (mean = 116 individuals/m2), with numbers of this species falling 

dramatically during the subsequent growing season. Mean numbers of forb species on plots 

increased through the course of the study, but did not differ between burned and control areas 

(Table 5.3). As with forbs, we observed a temporary increase in numbers of shrubs and trees on 

both treatment and control units during the growing season following treatment of our burned 

plots, but again detected no effect of prescribed burning (Table 5.4). We detected no patterns in 

tree and shrub species richness (Table 5.4). Of the 91 plant species observed on these 

groundcover quadrats, only a few showed statistically significant responses to prescribed burning 

(Table 5.5). Common mullein (Verbascum thapsus) and black locust became more abundant on 

burned portions of clearcuts, while burning appeared to have a negative effect on numbers of 

twisted stalk (Streptopus roseus) and red maple (Table 5.5). Production of soft mast increased on 
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both treatment and control units during the course of the study, but we detected no treatment 

effect on production of soft mast or grass and sedge seed (Table 5.6). 

 

On transects, numbers of trees and shrubs >0.5m tall increased through the course of the study 

(Table 5.7). There was an apparent reduction in numbers of shrubs on burned plots during the 

first growing season following prescribed-burning, but we detected no statistically significant 

differences between treated and control portions of clearcuts (Table 5.7). Numbers of blueberries 

and huckleberries >0.5m tall appeared to be reduced following prescribed burning (Table 5.8), 

but greater numbers of stems <0.5m tall on groundcover quadrats suggested an increase in new 

growth (Table 5.5). Numbers of flowering dogwood (Cornus florida) were reduced on burned 

areas during the first year following treatment, but by the second growing season were more 

abundant on these areas than on controls (Table 5.8). 

 

During the second growing season following prescribed burning the total number of insects 

captured was 38% greater on treated portions of clearcuts than on control areas (Table 5.9). 

When subdivided by size class this difference was significant only for insects <2mm in length, 

though mean captures for all but the largest size class (>10mm) were greater on the burned units 

than the controls (Table 5.9). When analyzed by order, counts of beetles (Coleoptera) were 

significantly greater on burned than control areas. 

 

Between June 23 1998 and June 3 1999 we conducted grouse flushing surveys on seven 

occasions. During these surveys we did not observe any grouse in prescribe-burned or control 

portion of clearcuts, or in the adjacent mature forests.  

  

DISCUSSION 

 

During the course of our habitat monitoring and flushing counts we did not encounter any ruffed 

grouse in either prescribe-burned or control portions of the clearcuts used in this experiment. 

However, while ruffed grouse are characteristically associated with early successional habitats, 

these generally are too open for the species for the first few years after harvesting. Intensive use 

of disturbed areas by grouse usually begins at approximately four years post-disturbance and is 
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greatest in 7–15 year old stands (Wiggers et al. 1992, Rusch et al. 2000, Dessecker and McAuley 

2001). During the course of our research on the Deerfield RGMA three radio-marked hens 

nested in <2 year old clearcuts (10% of nests) and on two occasions we located night-roosting 

grouse in <2 year old clearcuts (2% of roosts; unpublished data). However, it is clear that any 

response by ruffed grouse to the prescribed burning treatments applied here would likely occur 

some years after we completed our monitoring. Consequently much of the ensuing discussion of 

suitability is speculative based on observed short-term habitat changes on experimental sites. 

 

Excess logging slash is widely viewed as reducing the quality of a site as brood habitat for ruffed 

grouse, acting both as a barrier to chick movement and hindering their ability to conceal 

themselves when a predator is detected (Gullion 1972). Prescribed burning led to a large 

reduction in the abundance of woody debris on our sites (Table 5.1); considering all size classes, 

the total number of items of CWD intersecting transects in burned areas was just over one half 

that on control sites (101.5 vs. 195.5 objects per 22.6m transect; Table 5.1). As demonstrated by 

Rogers and Samuel (1984), reductions in woody debris on burned sites can improve the ability of 

grouse chicks to conceal themselves from predators, and therefore can be considered to improve 

site quality for grouse. Woody debris in contact with the substrate also will inhibit growth of 

plant foods and render much of the food that is present on a site inaccessible. The amount of 

dead wood contacting the ground was approximately one third lower on our treated sites, 

suggesting some improvement in this condition (Table 5.2).  

 

We identified few statistically significant changes between vegetation on prescribe-burned and 

control portions of clearcuts. While this may indicate a lack of change due to prescribed burning, 

we suspect it resulted primarily from low statistical power, and many of the results we discuss 

below were non-significant trends and should be regarded with caution. This low statistical 

power was exacerbated by two unplanned events. First, conditions were unusually dry during the 

course of this study, so for safety reasons we were unable to burn two of the six experimental 

units, reducing our sample size by one third. Second, due also to this extended drought, clearcut 

F was not treated until the second year of the study, and dry conditions at that time led to a much 

hotter and more extensive fire than was prescribed for the desired vegetation response (Figures 

5.1 and 5.2). This scorching fire scarified most of Clearcut F, and the resulting vegetation 
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changes were extreme and regeneration was delayed. This added considerable variance to data 

from the treated sites, further reducing statistical power. It is also possible that the extended 

drought experienced in Virginia during the late 1990s inhibited growth and recovery of 

vegetation on our study clearcuts. While these events were undesirable with regards to our 

research and management goals, they point to some realities with the use of fire in forest 

management. Conditions are often too wet to achieve the desired intensity of burning, or so dry 

that fire can be difficult to control and sites become scorched, retarding vegetation recovery for 

years. Intense scorching burns lead to a large reduction in ground cover and increased exposure 

of mineral soils, ultimately leading to a large divergence in wildlife communities from more 

moderately burned sites (Stribling and Barron 1995). Consequently, prescribed fire may not 

always be a dependable silvicultural option (Smith et al. 1997).  

 

Following timber harvesting there was a gradual decline in the extent of organic soil and surface 

litter in clearcuts (Table 5.2), likely due to the removal of the forest canopy that would have been 

an important source of organic detritus. However, this loss of organic soil appeared to be 

accelerated by prescribed burning, leading to an approximately three-fold increase in exposure of 

mineral soils on treated sites (Table 5.2; Stribling and Barron 1995, Yahner 2000). Exposed 

mineral soils are an important seedbed for many pioneer plant species on disturbed sites, 

including mullein, grasses and sedges, dogwood, and black locust, all of which were more 

abundant on burned areas (Tables 5.3, 5.5, and 5.8). Leaves and seeds of black locust and grasses 

and sedges are important grouse forage in the southern Appalachians, as are dogwood berries 

(Nelson et al. 1938, Rodgers and Samuel 1984).  

 

Conversely, numbers of some plants declined on sites treated with prescribed burning. Many of 

these were species associated with organic soils, and shaded moist sites typical of the forest 

understory. These included twisted stalk, red maple, and mosses (Tables 5.3 and 5.5). Red 

maple, a shade tolerant species, has been identified as a secondary successional species 

contributing to a loss of dominance by oaks in many stands in the southern Appalachians (Elliott 

et al. 1999, Yahner 2000). Red maples are thin-barked and consequently fire intolerant, and 

prescribed fire has been suggested as one approach to preventing succession to forests dominated 

by this and other shade-tolerant species (Yahner 2000, Johnson et al. 2002). This 
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recommendation is supported by observations reported here and elsewhere (Table 5.5; Elliott et 

al. 1999), and may be particularly important for the long-term maintenance of grouse in oak-

hickory forests, as these birds are heavily dependent on oak mast crops (Chapters 3 and 4). 

Readers should consult Van Lear and Brose (2002) for specific information on the use of fire in 

oak management. Also, note that American beech, another thin-barked shade tolerant (and fire 

intolerant) tree, should be favored when present as it produces nutritious hard mast that is heavily 

consumed by grouse. 

 

Many plant species were less abundant on treatment sites than control sites during the first 

growing season after burning, but this reduction appeared to be temporary. Regeneration on 

burned sites was rapid, and by the second growing season postburning these species were again 

becoming abundant (Tables 5.7 and 5.8). This was particularly true for blueberries and 

huckleberries >0.5m tall, numbers of which declined by 80% following burning but had begun to 

recover during the following growing season (Table 5.8). Blueberries and huckleberries on 

groundcover quadrats (i.e. <0.5m tall) were most abundant during the first growing season 

following burning, indicating that fire had stimulated growth of new stems (Table 5.7). 

Production of soft mast was also dramatically reduced immediately following burning, but had 

increased considerably by the second growing season post-burning (Table 5.6). Replacement of 

decadent, nonfruiting stems of these species is cited as a key benefit of prescribed burning (Sharp 

1970), and our observations suggest this may occur, but if so required >2 growing seasons for 

full benefits to develop under the unusually dry conditions we experienced. 

 

During the second growing season post-burning, availability of insects was greater on prescribed 

burned than control portions of clearcuts (Table 5.9; see also Taylor 2003). Though not 

statistically significant in all cases, this relationship appeared to hold for most orders of insects 

and all but the largest size class. This difference could result either from increased production or 

increased activity of insects on burned areas (e.g. because exposed blackened soils caused an 

increase in soil temperature). While it is not certain that absolute numbers of insects had 

increased, from the point of view of grouse, availability of insects would have been greater on 

burned sites. Insects are an important food for female grouse during the laying period and for 

chicks during the first few weeks after hatching, and grouse show little discrimination in the 
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species of insects consumed (Bump et al. 1947). Consequently, this increase in insect abundance 

can be viewed as an improvement in the quality of these sites as grouse habitat. Elevated rates of 

insect capture have been reported for grouse hens and chicks foraging in burned areas (Erler and 

Thompson 1978, Rogers and Samuel 1984; see also Rogers 1985).  

 

In summary, our observations suggest that prescribed burning of new clearcuts improved several 

habitat features considered important to ruffed grouse. These included a large reduction in 

woody debris, increased exposure of mineral soil and associated increases in numbers of some 

early successional forage plants, and an increase in the abundance of insect foods. However we 

did not document increased in use of burned sites by grouse, likely because vegetation was not 

yet developed to the extent necessary to provide adequate escape cover in the very young stands 

studied. However, we expect that at least some of the beneficial effects of burning we observed 

would still be evident in the following years, and during that time the habitat value of burned 

clearcuts to grouse would be improved compared to unburned clearcuts.  
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Table 5.1. Abundance (number encountered; least squares mean ± SE) of Coarse Woody Debris 

(CWD) along 22.6m transects in prescribe-burned and control portions of clearcuts in George 

Washington National Forest, Virginia. 

 
Size Class Phase Control Burn F (Type III) P 
      
<¼ inch a Pre burn 52.0 ± 6.9 47.6 ± 16.7 F1,2 = 0.21 0.6927 

 Post burn 79.9 ± 8.3 30.7 ± 8.5 F1,3 = 17.45 0.0250 
      
¼–1 inch Pre burn 52.4 ± 4.2 44.5 ± 4.1 F1,2 = 1.79 0.3131 

 Post burn 85.4 ± 3.3 47.8 ± 3.5 F1,3 = 63.91 0.0041 
      
1–3 inches Pre burn 16.4 ± 2.1 18.9 ± 2.1 F1,2 = 0.69 0.4927 

 Post burn 22.6 ± 1.9 17.9 ± 1.9 F1,3 = 3.11 0.1763 
      
3–8 inches Pre burn 6.7 ± 1.3 6.6 ± 1.2 F1,2 = 0.01 0.9340 

 Post burn 6.7 ± 0.6 4.4 ± 0.6 F1,3 = 8.87 0.0587 
      
>8 inches Pre burn 0.5 ± 0.2 0.5 ± 0.2 F1,2 < 0.01 0.9718 

 Post burn 0.9 ± 0.2 0.7 ± 0.2 F1,3 = 0.54 0.5153 
      
 

a <1/4 inch size class does not include wood on the ground, which was considered organic litter. 
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Table 5.2. Groundcover composition (least squares mean ± SE %) of 1m2 quadrats on prescribe-

burned and control plots before and after prescribed burning of four clearcuts in George 

Washington National Forest, Virginia. 

 
Cover class   Linear Model Results 

   Phase Control Burn Block Year Treatment Trmt×Year 
       
Organic Soil       

   Pre-burn 77.8 ± 8.0 81.7 ± 8.0 F3,4.3 = 0.19 F2,10.4 = 3.61 F1,4.2 = 1.12 F2,10.6 = 1.73 

   Year 1 72.7 ± 7.0 55.0 ± 7.0 P = 0.9010 P = 0.0646 P = 0.3470 P = 0.2242 

   Year 2 70.5 ± 7.0 59.7 ± 7.0     
       
Mineral Soil       

   Pre-burn 8.8 ± 8.5 5.1 ± 8.5 F3,4.7 = 0.84 F2,10.6 = 1.86 F1,4.6 = 1.67 F2,10.8 = 1.80 

   Year 1 9.0 ± 7.4 29.2 ± 7.4 P = 0.5324 P = 0.2032 P = 0.2584 P = 0.2110 

   Year 2 6.6 ± 7.4 21.0 ± 7.4     
       
Surface Rock       

   Pre-burn 1.1 ± 1.6 0.8 ± 1.6 F3,2.8 = 1.93 F2,9.3 = 3.80 F1,2.8 = 0.46 F2,9.5 = 0.74 

   Year 1 2.6 ± 1.5 4.5 ± 1.5 P = 0.3123 P = 0.0624 P = 0.5490 P = 0.5039 

   Year 2 2.6 ± 1.5 4.7 ± 1.5     
       
Vegetation (all plant species)     

   Pre-burn 3.3 ± 1.2 5.0 ± 1.2 F3,3.9 = 2.10 F2,9.9 = 4.21 F1,3.8 = 0.01 F2,10.2 = 1.28 

   Year 1 4.0 ± 1.1 3.3 ± 1.1 P = 0.2473 P = 0.0474 P = 0.9323 P = 0.3186 

   Year 2 6.7 ± 1.1 5.3 ± 1.1     
       
Wood on Ground      

   Pre-burn 9.1 ± 0.7 7.8 ± 0.7 F3,4.3 = 5.19 F2,10.1 = 1.88 F1,4.2 = 14.5 F2,10.3 = 1.17 

   Year 1 9.1 ± 0.6 6.0 ± 0.6 P = 0.0669 P = 0.2019 P = 0.0176 P = 0.3488 

   Year 2 8.5 ± 0.6 6.0 ± 0.6     
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Table 5.3. Mean abundance of herbaceous plants on vegetation monitoring plots (4 × 1m2 

quadrats per plot) on prescribe-burned and control portions of four clearcuts in George 

Washington National Forest, Virginia (least squares mean ± SE). Because vegetative growth 

makes identification of individuals difficult, moss, grasses, and sedges were recorded as percent 

cover rather than counts of individuals. 

 
Vegetation Class  Linear Model Results 

   Phase Control Burn Block Year Treatment Trmt×Year 
       
Moss (% cover)      

   Pre-burn 1.4 ± 0.8 1.6 ± 0.8 F3,4.2 = 0.28 F2,10.1 = 0.93 F1,4.5 = 4.28 F2,10.5 = 1.48 

   Year 1 2.4 ± 0.7 1.1 ± 0.7 P = 0.8372 P = 0.4252 P = 0.0999 P = 0.2723 

   Year 2 3.6 ± 0.7 1.3 ± 0.7     
       
Grass and Sedge (% cover)     

   Pre-burn 2.2 ± 1.8 4.2 ± 1.8 F3,2.7 = 3.34 F2,9.0 = 5.55 F1,2.7 = 1.61 F2,9.3 = 0.73 

   Year 1 3.9 ± 1.6 5.2 ± 1.6 P = 0.1894 P = 0.0269 P = 0.3034 P = 0.5079 

   Year 2 5.7 ± 1.6 9.5 ± 1.6     
       
Number Forbs (count)      

   Pre-burn 60.7 ± 48.2 34.1 ± 48.2 F3,5.3 = 7.53 F2,8.3 = 1.80 F1,12.9 = 0.04 F2,8.1 = 0.18 

   Year 1 159.0 ± 43.4 158.7 ± 43.4 P = 0.0238 P = 0.2253 P = 0.8368 P = 0.8415 

   Year 2 56.4 ± 43.4 68.5 ± 43.4     
       
Forb Species Richness       

   Pre-burn 2.9 ± 0.7 3.7 ± 0.7 F3,4.0 = 4.33 F2,9.8 = 7.83 F1,3.9 = 2.89 F2,10.1 = 0.13 

   Year 1 4.9 ± 0.6 5.6 ± 0.6 P = 0.0962 P = 0.0092 P = 0.1668 P = 0.8828 

   Year 2 4.9 ± 0.6 6.1 ± 0.6     
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Table 5.4. Abundance of woody plants on vegetation monitoring plots (4 × 1m2 quadrats per 

plot) on prescribe-burned and control portions of four clearcuts in George Washington National 

Forest, Virginia (least squares mean ± SE). 

 
Vegetation Class  Linear Model Results 

   Phase Control Burn Block Year Treatment Trmt×Year 
       
Number of Trees      

   Pre-burn 9.1 ± 3.2 8.9 ± 3.2 F3,5.5 = 9.98 F2,12.2 = 5.96 F1,9.1 = 0.57 F2,12.1 = 0.39 

   Year 1 18.3 ± 2.7 23.2 ± 2.7 P = 0.0118 P = 0.0156 P = 0.4710 P = 0.6841 

   Year 2 11.4 ± 2.7 10.6 ± 2.7     
       
Number of Oaks (Quercus spp.)     

   Pre-burn 3.1 ± 0.7 3.2 ± 0.7 F3,3.7 = 4.62 F2,9.5 = 2.74 F1,3.7 = 3.26 F2,9.9 = 1.17 

   Year 1 2.3 ± 0.6 4.2 ± 0.6 P = 0.0959 P = 0.1152 P = 0.1504 P = 0.3489 

   Year 2 1.6 ± 0.6 2.5 ± 0.6     
       
Tree Species Richness      

   Pre-burn 3.0 ± 0.3 3.0 ± 0.3 F3,2.9 = 3.56 F2,8.8 = 1.55 F1,2.9 = 0.13 F2,9.1 = 0.13 

   Year 1 3.3 ± 0.3 3.5 ± 0.3 P = 0.1674 P = 0.2642 P = 0.7446 P = 0.8821 

   Year 2 3.0 ± 0.3 3.2 ± 0.3     
       
Number of Shrubs      

   Pre-burn 54.5 ± 13.9 38.5 ± 13.9 F3,3.4 = 13.2 F2,9.2 = 4.2 F1,3.5 = 0.12 F2,9.7 = 0.87 

   Year 1 73.8 ± 11.7 88.7 ± 11.7 P = 0.0229 P = 0.0499 P = 0.7537 P = 0.4502 

   Year 2 50.2 ± 11.7 61.6 ± 11.7     
       
Shrub Species Richness       

   Pre-burn 3.3 ± 0.4 3.4 ± 0.4 F3,2.8 = 0.78 F2,8.7 = 0.53 F1,2.8 = 0.14 F2,9.0 = 0.57 

   Year 1 3.7 ± 0.3 3.2 ± 0.3 P = 0.5824 P = 0.6046 P = 0.7307 P = 0.5871 

   Year 2 3.6 ± 0.3 3.6 ± 0.3     
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Table 5.5. Abundance of individual plant species on groundcover plots (4 × 1m2 quadrats per 

plot) on prescribe-burned and control portions of clearcuts in western Virginia. Only those 

species showing significant Treatment or Treatment×Year differences are reported. 

 
Plant Species  Linear Model Results 

   Phase Control Burn Block Year Treatment Trmt×Year 
       
Common Mullein (Verbascum thapsus)     

   Pre-burn 0.3 ± 1.1 0.9 ± 1.1 F3,5.0 = 1.45 F2,10.9 = 0.20 F1,5.5 = 4.07 F2,11.2 = 0.37 

   Year 1 <0.1 ± 0.9 1.7 ± 0.9 P = 0.3333 P = 0.8230 P = 0.0946 P = 0.7021 

   Year 2 0.1 ± 0.9 2.3 ± 0.9     
       
Twisted Stalk (Streptopus roseus)     

   Pre-burn 0.5 ± 0.3 <0.1 ± 0.3 F3,4.8 = 2.15 F2,10.4 = 0.60 F1,4.8 = 9.76 F2,10.7 = 0.60 

   Year 1 1.0 ± 0.3 <0.1 ± 0.3 P = 0.2166 P = 0.5654 P = 0.0273 P = 0.5642 

   Year 2 0.9 ± 0.3 0.2 ± 0.3     
       
Black Locust (Robinia pseudoacacia)     

   Pre-burn 0.2 ± 0.3 0.2 ± 0.3 F3,5.6 = 2.00 F2,10.9 = 18.1 F1,5.7 = 27.99 F2,11.2 = 12.9 

   Year 1 0.5 ± 0.3 3.3 ± 0.3 P = 0.2212 P = 0.0003 P = 0.0022 P = 0.0012 

   Year 2 0.2 ± 0.3 1.3 ± 0.3     
       
Red Maple (Acer rubrum)       

   Pre-burn 4.4 ± 0.9 4.7 ± 0.9 F3,4.5 = 17.04 F2,10.6 = 3.94 F1,5.1 = 5.99 F2,11.1 = 1.70 

   Year 1 7.4 ± 0.7 5.2 ± 0.7 P = 0.0065 P = 0.0523 P = 0.0570 P = 0.2268 

   Year 2 5.4 ± 0.7 3.0 ± 0.7     
       
Blueberries and Huckleberries (Vaccinium spp. and Gaylussacia spp.)   

   Pre-burn 40.0 ± 8.9 30.9 ± 8.9 F3,3.2 = 17.62 F2,9.0 = 2.52 F1,3.1 = 0.44 F2,9.3 = 1.60 

   Year 1 41.4 ± 7.7 57.9 ± 7.7 P = 0.0181 P = 0.1352 P = 0.5543 P = 0.2524 

   Year 2 34.5 ± 7.7 42.4 ± 7.7     
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Table 5.6. Production of mast by groundcover plants (<0.5m tall) on vegetation monitoring plots 

(4 × 1m2 quadrats per plot) on prescribe-burned and control portions of four clearcuts in George 

Washington National Forest, Virginia (least squares mean ± SE).  

 
Mast Class  Linear Model Results 

   Phase Control Burn Block Year Treatment Trmt×Year 
       
Soft Mast      

   Pre-burn 1.0 ± 14.6 0.1 ± 14.6 F3,3.4 = 2.08 F2,9.2 = 10.73 F1,3.4 = 3.99 F2,9.5 = 2.31 

   Year 1 19.5 ± 12.4 0.6 ± 12.4 P = 0.2653 P = 0.0039 P = 0.1301 P = 0.1519 

   Year 2 81.2 ± 12.4 27.7 ± 12.4     
       
Grass & Sedge Seed      

   Pre-burn 3.0 ± 23.3 18.5 ± 23.3 F3,3.7 = 2.5 F2,9.6 = 2.9 F1,3.7 = 0.68 F2,9.9 = 0.02 

   Year 1 48.3 ± 19.8 67.3 ± 19.8 P = 0.2048 P = 0.1056 P = 0.4595 P = 0.9838 

   Year 2 29.0 ± 19.8 41.8 ± 19.8     
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Table 5.7. Mean count of stems >0.5m tall occurring on 45.2m2 strip transects on prescribe-

burned and control portions of four clearcuts in George Washington National Forest, Virginia 

(least squares mean ± SE %). 

 
Vegetation Class  Linear Model Results 

   Phase Control Burn Block Year Treatment Trmt×Year 
       
Herbaceous stems      

   Pre-burn 26.5 ± 61.4 129.0 ± 61.4  F3,5.2 = 12.49 F2,9.3 = 1.59 F1,12.8 = 1.32 F2,9.1 = 0.94 

   Year 1 167.0 ± 54.5 188.9 ± 54.5 P = 0.0082 P = 0.2555 P = 0.2710 P = 0.4257 

   Year 2 62.2 ± 54.5 43.5 ± 54.5      
       
Shrubs      

   Pre-burn 41.1 ± 12.5 40.2 ± 12.5 F3,3.2 = 2.79 F2,9.3 = 8.62 F1,3.2 = 3.73 F2,9.6 = 2.08 

   Year 1 64.1 ± 10.9 24.8 ± 10.9 P = 0.2006 P = 0.0077 P = 0.1442 P = 0.1778 

   Year 2 91.1 ± 10.9 63.8 ± 10.9     
       
Trees      

   Pre-burn 33.5 ± 15.7 31.1 ± 15.7 F3,3.1 = 0.17 F2,8.9 = 7.09 F1,3.0 = 0.05 F2,9.2 = 0.37 

   Year 1 45.2 ± 13.4 41.1 ± 13.4 P = 0.9105 P = 0.0145 P = 0.8361 P = 0.7032 

   Year 2 73.0 ± 13.4 88.4 ± 13.4     
       
Soft Mast Producers      

   Pre-burn 22.3 ± 14.8 18.8 ± 14.8 F3,3.1 = 0.32 F2,9.4 = 7.86 F1,3.0 = 1.61 F2,9.6 = 1.12 

   Year 1 39.8 ± 13.2 7.0 ± 13.2 P = 0.8105 P = 0.0099 P = 0.2928 P = 0.3640 

   Year 2 68.3 ± 13.2 46.9 ± 13.2     
       
Number Oaks ÷ Total Number of Trees     

   Pre-burn 0.39 ± 0.05 0.39 ± 0.05 F3,3.6 = 13.72 F2,9.4 = 3.65 F1,3.6 = 0.24 F2,9.7 = 2.89 

   Year 1 0.32 ± 0.04 0.45 ± 0.04 P = 0.0191 P = 0.0673 P = 0.6521 P = 0.1033 

   Year 2 0.32 ± 0.04 0.26 ± 0.04     
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Table 5.8. Abundance of individual plant species on 45.2m2 strip transects in prescribe-burned 

and control portions of clearcuts in western Virginia. Only those species showing significant 

Treatment or Treatment×Year differences are reported. 

 
Vegetation Class  Linear Model Results 

   Phase Control Burn Block Year Treatment Trmt×Year 
       
Flowering Dogwood (Cornus florida)     

   Pre-burn 1.0 ± 1.2 1.7 ± 1.2 F3,3.9 = 1.48 F2,10.0 = 1.16 F1,3.8 = 0.00 F2,10.2 = 2.93 

   Year 1 3.2 ± 1.0 1.0 ± 1.0 P = 0.3509 P = 0.3537 P = 0.9481 P = 0.0988 

   Year 2 2.3 ± 1.0 3.5 ± 1.0     
       
Blueberries and Huckleberries (Vaccinium spp. and Gaylussacia spp.)   

   Pre-burn 19.6 ± 6.9 13.5 ± 6.9 F3,3.5 = 3.06 F2,10.3 = 3.20 F1,3.5 = 4.45 F2,10.4 = 3.64 

   Year 1 27.0 ± 6.4 2.7 ± 6.4 P = 0.1700 P = 0.0832 P = 0.1121 P = 0.0631 

   Year 2 33.5 ± 6.4 11.1 ± 6.4     
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Table 5.9. Abundance (least squares mean ± SE) of insects on prescribe-burned and control plots 

two years after prescribed burning of three clearcuts in George Washington National Forest, 

Virginia. 

 
Insect Class Control Burn F (Type III) P 
     
All insects <2mm 518.1 ± 29.5  770.7 ± 29.5  F1,2 = 36.57 0.0263 

All insects 2-4mm 260.0 ± 33.5  315.3 ± 33.5 F1,2 = 1.37 0.3627 

All insects 4-6mm 64.8 ± 15.4 86.7 ± 15.4 F1,2 = 1.02 0.4194 

All insects 6-10mm 12.2 ± 1.8 17.1 ± 1.8 F1,2 = 3.48 0.2031 

All insects >10mm 7.0 ± 1.1 6.3 ± 1.1 F1,2 = 0.19 0.7069 
     
All Coleoptera 61.1 ± 8.9 100.0 ± 8.9 F1,2 = 9.55 0.0907 

All Diptera 55.5 ± 10.9 78.7 ± 10.9 F1,2 = 2.29 0.2694 

All Hemiptera 177.1 ± 32.0 195.5 ± 32.0 F1,2 = 0.16 0.7244 

All Hymenoptera 46.1 ± 5.0 43.5 ± 5.0 F1,2 = 0.13 0.7531 

All Lepidoptera 1.6 ± 0.5 2.2 ± 0.5 F1,2 = 0.87 0.4492 

All Others 3.1 ± 0.8 2.9 ± 0.8 F1,2 = 0.03 0.8740 
     
Total Captures 862.6 ± 68.6 1193.5 ± 68.6 F1,2 = 11.62 0.0763 
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Figure 5.1. Extent of burning along 22.6m transects in each of four prescribe-burned clearcuts in 

George Washington National Forest, Virginia. Numbers in parentheses indicate the number of 

transects sampled in each clearcut, which was twice the number of monitoring plots. 
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Figure 5.2. Extent of burning on 1m2 vegetation quadrats in four prescribe-burned clearcuts (A, 

B, D, and F) in George Washington National Forest, Virginia. Quadrats were classified as lightly 

burned if <25% of the surface area showed evidence of fire, moderate if 25–75% was burned, 

and heavily burned when >75% of the quadrat was burned. Sample sizes indicate the number of 

quadrats on each clearcut, which was four times the number of monitoring plots. 

 



CHAPTER 6: MANAGING CENTRAL AND SOUTHERN APPALACHIAN FORESTS FOR RUFFED 

GROUSE 

 

ABSTRACT – Techniques for managing northern forests for ruffed grouse (Bonasa umbellus) 

were outlined in a seminal work by Gullion (1972), and since that time have been applied with 

considerable success. Prescriptions outlined by Gullion focused on managing forests dominated 

by trembling aspen (Populus tremuloides) on a 40-year clearcutting rotation, thereby maximizing 

representation and interspersion of early successional escape cover in the landscape. However, 

Gullion’s approach is not directly applicable to Appalachian forests, where aspen is absent, 

forest rotations are much longer (80–120 years), grouse often are under nutritional constraint, 

and reproductive success is poor. Here I make recommendations for managing Appalachian oak-

hickory and mixed mesophytic forests to benefit ruffed grouse. While still emphasizing creation 

of early successional escape cover, these techniques also focus on increasing winter foods and 

improving brood rearing habitats, which are also limiting in most Appalachian forests. Central to 

these prescriptions is a modification of traditional clearcutting that is recommended specifically 

for sites where palatable northern hardwood trees (birch, cherry, and aspen) are absent. Rather 

than removing all trees, a low density of mature, hard mast-producing trees is retained in 

clearcuts. Because their canopies are exposed to full sunlight mast production will be increased 

by these mast trees, and, if selected based on masting potential, they can produced a large 

quantity of high quality winter food within patches of escape cover. Also, recommendations are 

made to improve the suitability of mature forests for grouse, as older stands will dominate 

landscapes managed on long harvesting rotations. Prescriptions for mature stands include group 

selection harvesting, understory prescribed burning, and seeding and gating of forest access 

roads. Finally, many habitat features important to grouse are associated with specific landforms, 

and I describe management unit configurations that will increase connectivity between these 

landscape elements.  

 

INTRODUCTION 

 

A large body of knowledge has been developed regarding the management of woodlands for 

ruffed grouse (Bonasa umbellus), including seminal works by Bump et al. (1947) and especially 
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Gullion (1972; reprinted as Gullion [1984]). Management techniques these authors recommend 

have been employed successfully in many areas (e.g., Gullion 1983, McDonald et al. 1994, 

McCaffery et al. 1996, Stoll et al. 1999), a result primarily of an emphasis on creation of early 

successional forests, which forms the cornerstone of ruffed grouse habitat needs across the 

species’ range (Stoll. et al. 1999). However, these management recommendations are based 

primarily on studies conducted in northern hardwood and boreal forest ecosystems. So, while 

still effective (e.g., Stoll et al. 1999), these techniques may only be crudely suited to the mixed 

mesophytic, oak-hickory, and oak-pine forests of the central and southern Appalachians (see 

Braun [1950] for descriptions of forest associations).  

 

The ecology of forests and of ruffed grouse in the central and southern Appalachians suggests 

that region-specific habitat management guidelines are warranted. Two key issues in particular 

must be considered in developing these prescriptions. First, early-successional stands of 

trembling aspen (Populus tremuloides) are considered the foundation for grouse habitat needs in 

more northerly forests. However, this tree species is absent from the Appalachians south of 

Pennsylvania. Although Appalachian ruffed grouse still make extensive use of early successional 

stands (Chapter 4), longer rotation ages of Appalachian forests (80–120 years versus ≈40 years 

for aspen) mean that a much lower proportion of 5–15 year old forests can be maintained in a 

landscape (≈10% versus ≈25%). This constraint means that greater importance must be placed 

both on maintaining the appropriate spatial distribution of early successional stands in the 

landscape, as well as on improving the suitability of mature forests for grouse. Second, the 

nutritional ecology of Appalachian ruffed grouse differs in important ways from that of 

conspecifics in more northern forests. Buds and male flowers of trembling aspen are the key food 

of northern grouse, and bigtooth aspen (Populus grandidentata), birches (Betula spp.), and 

cherries (Prunus spp.) afford important secondary foods (Servello and Kirkpatrick 1987). 

However, these tree species are rare or absent in oak-hickory forests (Chapter 3). In their place 

hard mast is a critical food resource for Appalachian grouse, as are herbaceous plants and soft 

mast (Chapters 3 and 4; Servello and Kirkpatrick 1987, Rusch et al. 2000). Hard mast production 

is undependable from year to year, a situation likely made worse since the loss of American 

chestnut (Castanea dentata) as a major canopy tree in the region, while herbaceous plants are 

patchily distributed and rare during winter. As a result, Appalachian grouse often experience 
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considerable nutritional stress during winter, leading to poor reproduction during the following 

breeding season (P. Devers, Virginia Tech, unpublished data; Norman and Kirkpatrick 1984, 

Servello and Kirkpatrick 1988). Thus, techniques that improve the quality, quantity, distribution, 

and stability of food resources should be central to effective management of Appalachian forests 

for ruffed grouse. 

 

Even within the central and southern Appalachian region, the habitat ecology of ruffed grouse 

differs in important ways between gross forest types. Conditions appear more extreme for grouse 

inhabiting dry oak-hickory and oak-pine forests than for grouse in mixed mesophytic forests 

(Chapters 3 and 4). Causes of this difference appear to be the reduced availability of northern 

hardwood trees (e.g., aspens, birches, and cherries) and understory vegetation in the more xeric 

oak-hickory and oak-pine forest associations (Chapter 3). Consequently, grouse in oak-hickory 

and oak-pine forests are heavily dependant on unpredictable fall mast crops, and also must seek 

out areas having mesic soils that support adequate groundcover vegetation, which may represent 

<15% of forest lands in portions of the southern Appalachian Mountains (Stewart 1956). Many 

of the management recommendations made here specifically address these constraints in oak-

hickory and oak-pine forests. However, these techniques also may be useful in mixed 

mesophytic forests, and, due to effects of elevation and slope aspect, these forest types are highly 

interspersed in the region. Consequently, managers must consider forest conditions on the area 

under management when deciding on the exact suite of management activities to undertake. 

 

In this chapter I outline general information on the habitat ecology of Appalachian ruffed grouse 

that has implications for management. I then provide information on landscape-level objectives 

for grouse management, as well as a description of the time scales at which various activities 

should occur. Finally, I close with detailed descriptions of specific techniques to improve ruffed 

grouse habitat as well as enjoyment of the species by humans.  

 

HABITAT NEEDS OF APPALACHIAN GROUSE 

 

Though ruffed grouse are considered early successional habitat specialists (Dessecker and 

McAuley 2001), they are also opportunists and make considerable use of other cover types to 
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meet specific needs (Chapters 3 and 4; Bump et al. 1947, Rusch et al. 2000). Consequently, 

grouse are sensitive to the distribution of habitat features in the landscape (Chapter 3; Fearer and 

Stauffer 2003), and favoring the correct interspersion of resources is an important habitat 

management objective (Gullion 1972). Here I review aspects of Appalachian ruffed grouse 

ecology pertinent to habitat management for the species. Except where indicated otherwise, all 

sex and age classes of grouse favor early successional habitat throughout the year.  

 

The mating system of ruffed grouse is promiscuous, and has been described as dispersed lekking 

(Bergerud and Gratson 1988).  No pair bond is formed, and females may visit and mate with 

several displaying males (Rusch et al. 2000). Prior to laying, hens often consume large numbers 

of insects, presumably to meet protein demands of egg production (Euler and Thompson 1978). 

Early spring growth of herbaceous plants and, where available, buds and flowers of aspen, birch 

and cherry, are also important foods at this time (Bump et al. 1947). Nesting habitat is highly 

variable, though nests most often are situated in mature forests having open understories, and 

often are placed adjacent to or under a guard object such as a tree or fallen log (Tirpak 2000, 

Fettinger 2002). An analysis of 120 nests of Appalachian grouse detected no consistent habitat 

differences between successful and unsuccessful nests (Tirpak 2000), and it is unlikely that 

availability of suitable nesting habitat is limiting in most woodlands (Thompson and Dessecker 

1997). 

 

In the Appalachian region, grouse eggs hatch during mid to late May (Haulton 1999). Hatching 

of eggs within a nest is synchronous, and broods leave the nest site within ≈24 hours (Rusch et 

al. 2000). During the first few weeks of life the diet of grouse chicks consists primarily of 

insects, after which time there is a shift to a diet dominated by plant foods, particularly fruits 

such as raspberries and blueberries (Bump et al. 1947, Stewart 1956). Some authors report that 

broods typically are found in early successional stands having abundant groundcover (Thompson 

et al. 1987, Scott et al. 1998, Fettinger 2002), while others report an affinity for mature forests 

having a well-developed understory as well as small forest openings (Stewart 1956, Stauffer and 

Peterson 1985, Haulton et al. 2003). It seems likely that the primary habitat need of grouse 

broods is a well-developed forest understory, and selection of early successional stands is a 

secondary though potentially important preference. Sites having abundant groundcover 
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vegetation, particularly vegetated openings and roads, as well as stands treated with prescribed 

fire, support higher numbers of insects and increased soft mast production, and are heavily used 

by broods (Chapter 5; Stewart 1956, Rogers and Samuel 1984, Hollifield and Dimmick 1995, 

Fettinger 2002, Haulton et al. 2003). In oak-hickory forests, mesic soils associated with 

bottomlands and riparian zones support relatively abundant and diverse groundcover vegetation, 

and are heavily used by broods (Chapter 4; Stewart 1956, Thompson et al. 1987, Fettinger 2002). 

Excessive horizontal structure at ground level (e.g., logging slash) impedes chick movement and 

has been shown to inhibit the ability of young chicks to conceal themselves when predators 

approach (Rogers and Samuel 1984). Until 5 weeks post-hatch, hens brood chicks on the ground 

during the night; then, as their thermoregulatory ability improves, chicks shift to predominantly 

tree roosting (Tirpak 2000). This shift coincides with increased use of early successional habitat, 

and from that point forward brood habitat becomes increasingly similar to adult habitat (Stewart 

1956, Tirpak 2000, Fettinger 2002). On ACGRP study sites chick survival to one week post-

hatch was negatively related to distance moved from the nest, suggesting that providing a good 

interspersion of brood habitats in the landscape may improve chick survival (Tirpak 2000). 

Broods accompany hens until fall, with brood social bonds gradually deteriorating from mid-

September through October (Small and Rusch 1989).  

 

Natal dispersal is greatest from late September through early December, when we observed 

juveniles moving up to 20km from the site of capture (ACGRP, unpublished data). On average, 

juvenile females disperse twice as far as males, and during dispersal make greater use of mesic 

bottomlands and lesser use of early successional forests than do juvenile males (Small and Rusch 

1989). Females are not territorial and commonly occupy overlapping home ranges, and, though 

grouse generally are solitary, females often join aggregations of up to 10 individuals during 

winter (Chapter 2; Rusch et al. 2000). During winter, grouse inhabiting oak-hickory forests 

forage extensively in mesic bottomlands, where herbaceous plants and soft mast, while still rare, 

are abundant relative to other areas (Chapter 4). At this time roosting typically occurs on upper 

slopes and ridges, where grouse can escape cold air pooling at low elevations during the night 

(Chapter 2). This suggests that during winter grouse make daily movements downslope to 

forage, and then return upslope in the evening to roost. 
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During fall, high quality foods, particularly soft and hard mast, are abundant, but these become 

scarce during winter, leading to nutritional stress in many grouse populations (Norman and 

Kirkpatrick 1984, Servello and Kirkpatrick 1987, 1988, Hewitt et al. 1992). This constraint is 

relaxed during winters following good fall hard mast crops, when grouse are able to forage 

efficiently on highly nutritious nuts through spring, as well as in mixed mesophytic forests, 

where buds of birch, cherry, and aspen afford a stable supply of high quality winter food (B. 

Long, West Virginia University, unpublished data; Servello and Kirkpatrick 1987, 1988). 

However following poor fall hard mast crops, winter diets of grouse inhabiting oak-hickory 

forests contain large amounts of low-quality evergreen forages, and carcass fat reserves decline 

by up to 75% (B. Long, West Virginia University, unpublished data; Norman and Kirkpatrick 

1984, Servello and Kirkpatrick 1987, 1988). Under these circumstances, adult grouse home 

ranges increase 2.5×, suggesting that mast failures may also lead to increased predation risk 

(Chapter 3). At these times females make increased use of access routes, which may provide 

important alternate foraging sites (Chapter 4). During breeding seasons following poor fall hard 

mast crops, nesting and renesting rates and clutch sizes of grouse in oak-hickory forests are 

reduced, and chick survival is low, possibly due to reduced yolk reserves at hatching (P. Devers, 

Virginia Tech, unpublished data; Servello and Kirkpatrick 1988, Williams 1994). Masting by 

oaks is synchronous across large portions of the southern and central Appalachians, and good 

hard mast crops are produced only every 2–5 years (Fearer et al. 2002). Thus nutritional stress 

leading to reduced reproductive success and possibly poor overwinter survival is likely a key 

factor limiting ruffed grouse numbers in Appalachian oak-hickory forests. 

 

Established male ruffed grouse center their activities on one or sometimes a few localized 

display sites, structural characteristics of which are thoroughly described in the literature (see 

Rusch et al. 2000). These most often are a fallen log (drumming log) that provides a displaying 

platform elevated approximately one foot above the forest floor. Preferred drumming sites have 

good visibility at ground level and dense overhead cover, and often are situated adjacent to a 

guard object (e.g., a tree bole) (Gullion 1972, Rusch et al. 2000). Locations having reduced 

canopy cover or excess slash and ground level vegetation rarely are used. Drumming sites are 

often located within or adjacent to large patches of early successional forest (e.g., clearcuts), and, 

as a result, established males show the strongest selection for this cover type (Chapter 4). 
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Display sites generally are located on upper slope positions or ridges, and males typically 

broadcast their (directional) drumming displays downslope (Archibald 1974, Thompson et al. 

1987). In rare instances when a suitable fallen log is not available, males will use a range of 

alternate platforms, including rocks or dirt mounds. Consequently, suitable display sites are 

rarely a limiting resource (Stoll et al. 1999).  

 

Unlike females, male grouse defend a territory from rival males. Territories are centered on 

display sites, and territoriality peaks during spring (Archibald 1976). Males display throughout 

the year, with pronounced peaks occurring during the fall and spring. Fall displaying is 

coincident with dispersal of juvenile grouse, and likely serves both to advertise occupancy to 

unestablished juvenile males and to encourage settlement by females (Archibald 1974). Juvenile 

males often are relegated to using transient display sites and secondary habitats (Chapters 3 and 

4). During this time they occupy relatively large home ranges (>30ha; Chapter 3), allowing them 

to monitor occupancy of territories of a number of nearby adult males. When preferred sites 

become vacant juvenile males rapidly occupy them, and competition for ownership of the 

available site is often intense (e.g., Marshall 1965, Archibald 1976).  

 

During winter when grouse must seek out scarce winter foods, home ranges of territorial males 

are relatively large (≈15ha; Chapter 3), and at this time males make increased use of mesic 

bottoms for foraging (Chapter 4). As with females, males in oak-hickory forests increase home 

range size ≈2.5× during winters following poor fall hard mast crops, suggesting that they too are 

under nutritional constraint under these circumstances. While it is not clear if poor condition 

affects male reproductive success, increased movements may lead to increased encounter rates 

with predators and consequently reduced overwinter survival rates. Winter home ranges remain 

centered on drumming sites, and during night males typically roost on upper slope positions, 

sometimes on their drumming log (Chapter 2). During spring unestablished juvenile males often 

disperse to new breeding ranges (Small and Rusch 1989). Displaying peaks again during the 

spring breeding season, and at this time males restrict their movements to a small territory, often 

just a few hectares, in the immediate vicinity of the drumming site. Consequently, use of mesic 

bottoms is reduced, while proportional use of early successional habitats is at a maximum 

(Chapter 4).   
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PLANNING LANDSCAPES FOR RUFFED GROUSE 

 

Throughout the year ruffed grouse in the southern and central Appalachians use different cover 

types and topographic features to meet their needs. Consequently, it is important that both spatial 

arrangement and landform be considered when planning habitat management activities. Most 

importantly, land managers should strive to create landscapes for grouse that contain critical 

habitats in close proximity to one another (Gullion 1972). However, before describing the ways 

in which managers might modify a landscape, some consideration should be given to general 

attributes of landscapes that support viable ruffed grouse populations.  

 

Ruffed grouse are birds of woodlands, and managing for the species will be less effective in 

landscapes having a large proportion of non-forest cover and where extant forests are highly 

fragmented. Also, ruffed grouse are a northern species, so, as a general rule, landscapes having 

more “northern” forest associations will be more favorable for grouse. Southern Appalachian 

forests can still be quite productive for grouse, but good sites become increasingly restricted to 

high elevations (e.g., the Smoky Mountains) and north or east facing slopes (e.g., Schumacher 

2002). Also, areas having rich, moist soils, particularly those associated with riparian zones, 

often support the best grouse cover. However these areas are also heavily used for human 

activities, particularly agriculture, residential development, and recreation. Consequently, a 

disproportionate amount of areas having the highest habitat potential for grouse are unavailable 

for wildlife management. Still, when there is some choice in selecting a location for a grouse 

management area, this information can help to identify locales offering the highest potential 

returns on management efforts. 

 

A key concern for prospective managers is the size of land area required for effective ruffed 

grouse management. Appalachian ruffed grouse require extensive areas of woodland, and in 

some cases juveniles occupy home ranges exceeding 100ha (250 acres). Adult females restrict 

their movements to an area of generally <40ha (100 acres), and home ranges will be as small as 

10ha (25 acres) in high-quality habitat (Chapter 3). Home ranges of adult males range from 5–

20ha (12.5–50 acres). Though there is no quantitative formula on which to base an estimate, an 
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area of 1,000–2,000ha (2,500–5,000 acres) would allow the implementation of an effective long-

term management plan for a population of several hundred grouse. Of course, managing a larger 

area would be desirable whenever possible, so long as managers have adequate time and 

resources at their disposal. However, managers having access to a smaller parcel of land should 

not be discouraged. Provided the surrounding landscape is predominantly forested, an area as 

small as 100ha (250 acres) would allow for a modest but effective grouse management program. 

At the extreme, in a heavily forested area, habitat management could even be effective on a 

property as small as perhaps 12ha (30 acres) (Gullion 1972). In this case management planning 

would have to consider habitat available in the surrounding lands, and strive to fill habitat gaps 

for the local grouse population. However, one could hope only to provide favorable cover for a 

small number of individual grouse rather than a whole population, and birds will spend much of 

their time outside the management area and thus be vulnerable to circumstances beyond the 

manager’s control. Also, maintaining adequate cover through an entire forest rotation may be 

difficult, and land use in the surrounding area may change dramatically in the interim. 

 

Once the boundaries of a ruffed grouse management area are identified, a long-term management 

plan should be developed. This should include specific silvicultural recommendations (see next 

section), as well as outline the spatial and temporal distribution of management activities. As a 

first step, a map of the existing land cover is essential. This should include an inventory of forest 

cover by stand type and age, as well as identification of riparian zones, roads and trails, wildlife 

clearings, and other important site features. Mapping efforts will be greatly facilitated through 

use of topographic maps and aircraft and satellite photographs, all of which are available in 

digital and hardcopy formats for the entire Appalachian region. Mapping efforts should include 

extensive on-site visits, which will aid in interpretation of imagery and also help in locating 

important habitat features too small to show up on remote-sensing imagery (e.g., seeps and 

vernal pools). Modern Global Positioning System (GPS) technology is of great help here. On 

small management areas consideration also should be given to the surrounding landscape, 

including vegetation cover, land use, and landform. Finally, identification of good hard mast 

producing trees requires several years of monitoring (see below), which should begin 

immediately in stands being considered for the first round of habitat management.  
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A key aspect of the management plan will be to establish a set of goals for the area, which 

presumably will consider the forest rotation time, typically 80–120 years, as the time scale for 

long-term planning. Goals should be based on the site and a vision of the desired composition of 

the landscape (e.g., Figure 6.1), and recommend the best approach to achieve and maintain that 

condition through time. For Appalachian grouse, habitat management likely will focus on 

providing adequate early-successional cover, winter food, and brood cover. Proportional cover of 

early successional habitats has been declining in Appalachian forests (Trani et al. 2001), and 

maintaining a good interspersion of this cover over time is the most obvious management goal. 

These stands, though used by grouse for up to ≈25 years post-harvest, are of highest quality from 

5–15 years post-harvest, and managers should attempt to maintain 8–12% of the landscape in 

this cover class when forest rotations are of 80–120 years (Figure 6.1). However, if some stands 

are not available for harvesting (e.g., due to excessively steep slopes) this goal should be 

adjusted (e.g., Figure 6.1), as overzealous cutting in the short-term will lead to insufficient early 

successional habitat later. Management should strive to provide a good interspersion of early 

successional habitats within and between other important landscape elements. Cuts on upper 

slopes or ridges will provide good cover for territorial males, while those in bottoms will 

enhance brood and foraging habitats. However, Appalachian grouse make regular moves up and 

down slopes, so harvest units that traverse slopes may be valuable in providing for both of these 

habitat needs and at the same time connect these important landscape elements with corridors of 

escape cover. Size of individual harvest units is obviously a key consideration, though the best 

strategy may be to create stands of a broad range of sizes (see below). Open agricultural land has 

been implicated in increased nest predation rates (Rodewald and Yahner 2001), whereas 

reverting fields can provide excellent early successional grouse cover (Bump et al. 1947). Thus, 

where abandoned fields are present, the management plan should include provisions to recover 

them as grouse habitat and increase connectivity between existing woodlands. Forest 

regeneration can be enhanced through actions such as seedbed preparation (e.g., discing), and 

planting of desirable trees and shrubs. Through annual mowing, a network of trails can be 

maintained on a reverting area, which will provide good foraging habitat for grouse and enhance 

access for hunters and other users. 

 



Darroch M. Whitaker Chapter 6: Managing Appalachian Forests for Grouse 172 

Even with this focus on regenerating stands, mature forests will still dominate the landscape and 

are an important source of grouse foods in the region, including hard mast and understory 

vegetation. However, treating these areas as unmanaged habitats will mean forgoing many 

important opportunities to improve grouse habitat. Understory prescribed burns, group selection 

harvesting, proper woods road management, and possibly mast tree release will all help to 

improve food availability for grouse. These techniques will be most beneficial if applied in 

bottomlands and other areas having moist soils, and are described below. Along these lines, 

riparian zones (also referred to as Streamside Management Zones or SMZs) offer the opportunity 

to provide particularly high quality foraging habitat, especially for broods. However, they 

present a stewardship challenge, as overzealous or careless intervention can cause serious 

degradation of aquatic habitat through erosion, warming of waters, and alteration of flow and 

nutrient input regimes. Consequently, activities in riparian areas must be applied with caution 

(e.g., without mechanized entry), remain within guidelines set by regulatory agencies, and be 

done sparingly.  

 

Finally, consideration should be given to the construction, maintenance, and management of 

existing and planned access routes. Not only do these play an important role in habitat 

management activities (e.g., wood extraction, firebreaks during prescribed burning), they are 

important grouse habitats in their own right (Chapter 4), and poor planning and maintenance can 

lead to serious degradation of watersheds. Further, properly planned and managed access routes 

can greatly enhance the quality of experiences available to hunters and other users (McCaffery et 

al. 1996).  

 

SILVICULTURAL AND OTHER MANAGEMENT PRESCRIPTIONS 

 

Here I outline specific management techniques to improve the suitability of Appalachian forests 

for ruffed grouse. These methods emphasize managing hard mast crops and other grouse foods, 

as well as making landscapes safer for grouse by creating patches of escape cover. Techniques 

are presented in approximately decreasing order of priority, and are based on the assumption that 

an area is under management specifically for ruffed grouse. Where this is not the case, some 

recommendations made here may be considered inappropriate or impractical. Users must judge 
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for themselves the degree to which they want to implement these prescriptions. Finally, some 

notes of caution. First, though it should go without saying, any management to favor grouse 

should be done within the bounds of Best Management Practices (BMP), including protecting 

riparian zones and water quality, minimizing soil erosion, and maintaining adequate habitat for 

all wildlife species. Second, some practices are not compatible with grouse management. In 

particular these include activities that reduce stem density in regenerating stands or the 

abundance and diversity of groundcover vegetation. Examples include intensive livestock 

grazing in woodlands, application of herbicides to clearcuts, and precommercial thinning of <25-

year-old stands (Kubisiak 1987, Thompson and Dessecker 1997).  

 

1. Clearcutting and Clearcutting with Hard Mast Reserves 

The most important feature of ruffed grouse habitat is dense early successional vegetation, which 

provides protective cover from predators, and, ideally, offers good foraging opportunities. With 

good regeneration, most stands are optimal from 5–15 years after disturbance or harvesting 

causes the death of most or all canopy trees on a site. Consequently, clearcutting, where all trees 

on a site are harvested, has been advocated as the best silvicultural option for improving grouse 

habitat in both aspen (Gullion 1972) and oak forests (Kubisiak 1987, Thompson and Dessecker 

1997). This approach also yields considerable revenue through timber sales, which offsets the 

cost of this and other management actions.  

 

In mixed mesophytic forests, birch, cherry, and aspen buds should afford grouse a stable supply 

of high quality winter foods in regenerating clearcuts. Consequently, on sites where these tree 

species are present, traditional clearcutting is likely the most appropriate form of habitat 

management for ruffed grouse, though managers should take care to ensure that these species are 

well represented in regenerating stands. However, these northern hardwood trees are rare in oak-

hickory forests, and in their place hard mast (acorns and beechnuts) is a critical winter food for 

grouse. Traditional clearcutting creates early successional stands having little or no hard mast 

production, so during winter these sites offer limited foraging opportunities and grouse must 

leave these refuges to forage in mature stands having little predator cover. Consequently, I feel 

that traditional clearcutting, while clearly advantageous, is not the most beneficial form of timber 

harvesting for grouse inhabiting oak-hickory forests. Instead, a modification I refer to as 
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clearcutting with hard mast reserves, which is similar to a seed tree harvest, modified 

shelterwood, or deferment cut, can provide both the high stem densities grouse need for predator 

cover and a large quantity of hard mast production within the same stand, while still generating 

considerable revenue from timber sales. In this approach a low density of canopy trees, which 

are selected based on their masting potential, are retained on the site during timber harvesting. 

While this low density of retained mature trees does not lead to a reduction in stem density of the 

regenerating stand, it can continue to produce a substantial amount of hard mast. Release of 

canopies of retained mast trees from shading leads to increased tree growth and a large increase 

in mast production (Johnson et al. 2002). Further, the relative increase in mast production is 

greatest during poor mast years, potentially buffering the adverse consequences of poor mast 

years on grouse populations. Some additional benefits may also be realized with this technique. 

In the short term, this approach may be more palatable to the public, who often view traditional 

clearcutting as a destructive management practice. In the long term, retained mast trees will 

become quite large and thus potentially valuable as, for example, bear den trees if hollow or, if 

healthy, large sawlogs during the subsequent rotation of timber harvesting. 

 

With this approach there is a tradeoff in the number of trees to retain. Clearly retaining additional 

trees increases potential mast production. However, excessive canopy retention will lead to 

shading and thus cause an undesirable reduction in stem density in the regenerating stand and 

possibly succession of oak stands to undesirable shade-intolerant tree species. In a study in oak-

hickory forests in West Virginia, Smith et al. (1989) reported no difference in density of 

regenerating stems between traditional clearcuts and deferment cuts having 4.6 m2/ha (20ft2/acre) 

of retained basal area. This equates to, for example, 41 trees measuring 38cm Diameter at Breast 

Height (DBH) per hectare (16 × 15 inch DBH trees/acre), or <20% of the basal area of a fully 

stocked oak stand. Managers must decide whether to retain a few large trees or more small trees, 

and whether to retain trees singly or in patches. Retaining fewer large trees and patches of trees 

will reduce shading of the regenerating stand (see Thompson and Dessecker 1997), but may also 

reduce hard mast production. However, decisions regarding which trees to retain should be based 

primarily on their individual masting potential, so to a large extent the size and spatial 

arrangement of reserve trees will be determined by the distribution of good mast producing trees 

in the original stand. When harvesting oak stands, managers should also take standard 
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silvicultural precautions to ensure that regenerating stands do not become dominated by shade-

tolerant species such as red maple (Acer rubrum) that do not produce hard mast (See Johnson et 

al. 2002). However an exception is American beech (Fagus grandifolia), which also produces 

valuable hard mast; where present advanced regeneration of this shade-tolerant should be 

protected during harvesting to ensure good representation in the regenerating stand. 

 

A detailed review of techniques for selecting the best trees to retain for mast production is 

provided in Johnson et al. (2002; pp. 391–403), and practitioners are encouraged to consult that 

source (see also Healy 2002). Briefly, retained trees should be in good health and of desirable 

hard mast producing species. These include all of the oaks found in the region, as well as 

American beech. Acorns of all Appalachian oak species are high quality wildlife foods 

(Kirkpatrick and Pekins 2002). However white (Quercus alba) and northern red oak (Q. rubra) 

are the most productive mast producers in the region, and a greater proportion of individual trees 

of these two species are reliable mast producers (Greenberg and Parresol 2002, Johnson et al. 

2002). Also, due to asynchrony in the years in which masting peaks for individual species, where 

possible a mix of species should be retained. In particular, this should include representatives of 

both the red oak and white oak species groups. Generally, individual trees having larger diameter 

stems and larger crown cross-sections produce more acorns, however production declines for 

white oaks >66cm DBH (26 inches) and for northern red oaks >56cm DBH (22 inches), so for 

these two species somewhat smaller trees should be favored (Downs 1944). Trees showing 

injuries often produce fewer acorns so should be avoided, and care should be taken to avoid 

damaging mast trees during harvesting. 

 

There is considerable variation in masting between individual trees, with only 20–45% of large, 

healthy oaks regularly producing good acorn crops (Sharp 1958, Greenberg and Parresol 2002). 

Consequently, efforts must be made to identify the best mast producers in the stand. Reliable 

identification of these trees requires at least five years monitoring of masting by individual trees. 

However this will often be impractical, in which case at a minimum observing production during 

one year, preferably a good mast year, is an improvement over selecting reserve trees based on 

species and morphology alone. Ranking masting involves estimating mean numbers of acorns on 

the terminal 60cm (24 inches) of healthy branches in the upper third of the tree crown (Table 6.1; 
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Sharp 1958). For species in the red oak group this terminal 60cm should not include the current 

year’s growth, as red oak acorn development requires two growing seasons. Observers should 

use binoculars, and conduct monitoring on clear days from August 10th–25th. Delaying 

monitoring could result in underestimation, as mature acorns may be harvested by wildlife or fall 

from the tree. 

 

Finally, managers must decide on the size and shape of cuts. There is a confusing abundance of 

literature reporting on the optimal size of cuts for ruffed grouse. At one extreme, it has been 

reported that cuts of <1ha, and even as small as 0.1ha, benefit grouse, especially grouse broods 

(Sharp 1963, McDonald et al. 1994, Fearer and Stauffer 2003). Most authors report that cuts of 

1–10ha are heavily used by grouse and preferred in size, as they allow good interspersion of 

early successional habitats with other important habitat features (e.g., Gullion 1972, Thompson 

and Dessecker 1997, Stoll et al. 1999, Fearer and Stauffer 2003). Thompson and Dessecker 

(1997), taking harvesting economics into account, recommend larger clearcuts of up to 16ha for 

oak-hickory forests. At the other extreme, McCaffery et al. (1996) found that clearcuts as large 

as 96ha supported similar densities of grouse as 8ha cuts. Moreover, on our PA1 study site, an 

early successional tract of >1,200ha (salvage-logged following a tornado) supported a high 

density of grouse. Thus it seems that grouse will heavily use any size of opening large enough to 

allow the development of dense regenerating vegetation, and recommending a single optimal 

size of clearcut is unwarranted. Further, operational factors such as landform necessitate 

flexibility in clearcut size, and patches of varying size will present a range of “opportunities” for 

grouse. Consequently the 1–16ha range reported above is likely sensible and offers flexibility to 

managers. Excessively large cuts, while being heavily used by grouse in the short term, are not 

well accepted by the public and mean that a large area will subsequently offer no early 

successional habitat for the remainder of the forest rotation. Ultimately, the most important 

consideration is still to maximize the extent of early successional forest in the landscape (within 

the bounds of the forest’s capacity and rotation period), and the decision to create more small 

clearcuts or fewer large ones is of lesser importance.   

 

Limited information is available regarding the most appropriate shape and placement of clearcuts 

for grouse. Fearer and Stauffer (2003) indicated that grouse home ranges were smaller, 
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suggesting higher habitat quality, if they contained regularly shaped cuts (≤5ha). For very small 

cuts, orienting them such that the long axis runs north to south will reduce shading, and thereby 

improve stocking in the regenerating stand. If a cut traverses a slope it can provide important 

escape cover for grouse traveling between ridge-top drumming or nocturnal roost sites and 

bottomland foraging sites (Chapter 2). Where management units border riparian zones, 

consideration could be given to thinning trees along the edge bordering the stream to encourage 

vegetation development in the understory. However, this “feathering” of edges should be done 

with careful attention to maintaining the integrity of stream and riparian habitats (and associated 

regulations), and should be done without mechanized entry into the SMZ.  

 

2. Uneven-aged Silviculture 

Efforts to increase the suitability of mature stands as ruffed grouse habitat could be valuable in 

the Appalachian region. Long forest rotations mean that a relatively small proportion of 

Appalachian forests can be maintained in early successional age classes. Further, many important 

resources, especially hard mast and understory herbs and soft mast-producing vegetation, are 

found in or restricted to mature forests that offer limited escape cover for grouse. Research has 

shown that grouse make extensive use of mature stands, and while in these areas refuge in 

microsites having locally high stem densities (Chapter 2; Marshall 1965). Further, grouse, 

particularly grouse broods, benefit from the creation of high stem density patches as small as 

0.1–1ha (Sharp 1963, Stoll et al. 1999, Fearer and Stauffer 2003). Consequently, interspersion of 

areas of mature forest with group selection or patch cuts is recommended, and could be 

considered as simulating windthrow disturbance. This would increase the interspersion of escape 

or refuging cover within important foraging habitats, and would also create patches supporting a 

diversity of grouse foods such as soft mast, insects, and herbaceous vegetation. By increasing the 

permeability of the intervening mature forest to grouse, this technique could also facilitate 

movements of grouse through the landscape. Finally, patch cuts cause minimal interruption of 

the forest canopy, and thus may be less controversial for public land managers to employ. 

However, group selection harvesting should be seen as complimenting the creation of larger cuts 

(see previous section), rather than as a substitute for that practice.   
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If this approach is to be successful, canopy gaps created by harvesting must be large enough to 

allow sufficient light to reach the forest floor to stimulate development of dense vegetation. 

Weigel and Parker (1995) reported that 6–20 year-old group selection cuts <0.23ha (<52m 

diameter) and as small as 0.07ha (30m diameter) supported stem densities comparable to 

clearcuts. A gap diameter equivalent to two times the height of the surrounding trees is probably 

the lower limit of opening size that will allow sufficient oak regeneration to develop (Johnson et 

al. 2002). Thus, as a general guideline, we feel that creation of patches on 0.1–0.25ha (0.25–

0.62acres; 36–56m diameter) would be beneficial for grouse while limiting disturbance of the 

mature forest stand and favoring good oak regeneration.  

 

In oak-hickory forests, placement of patch cuts should be based in part on the presence of 

adequate advanced regeneration of oaks or beech in the understory, which will help to ensure 

good representation of these species in the regenerating stand (Johnson et al. 2002). Placement of 

patches also can be tailored to favor one or two good hard mast producing trees on the periphery 

of the patch, which will then benefit from increased exposure of their canopies to direct sunlight. 

If these cuts are to be of greatest value as grouse brood habitat, they should be located on mesic 

soils (e.g., in bottomlands), and perhaps implemented in conjunction with understory prescribed 

burns in the surrounding mature stand (see below). Other considerations include accessibility, 

timber value, and spatial relationship with other management units in the landscape.  

 

Managers also must decide on the number or density of group selection cuts to place in a given 

stand. Specific information on this topic is not currently available, though the density of cuts 

should be low if the character of the mature stand is to be maintained. Creation of one patch cut 

per 4ha would place patches on average ≈240m apart, and harvesting would remove only 2.5–

6.25% of the stand. Thus grouse typically would be able to remain within 150m of escape cover 

while foraging in the mature stand. Finally, where extraction of wood is impractical for 

economic or operational reasons, managers might still consider creating small patches of early 

successional habitat recommended here by girdling groups of (presumably low-value) trees. This 

could be a particularly useful approach in riparian zones, where minimizing soil disturbance is a 

priority, and for landowners who have limited funds and time to invest in habitat management. 
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3. Prescribed Burning 

Another technique to improve the quality of mature oak forest habitats is low-intensity 

prescribed burning of the forest understory. By killing decadent (non-fruiting) clones, reducing 

leaf litter, and releasing nutrients into the forest floor, fire stimulates growth and fruit production 

by understory vegetation (Yahner 2000). Some of these benefits likely carry over into winter, the 

period of greatest nutritional stress for Appalachian grouse. This technique is perhaps most 

beneficial to grouse broods, as it leads to increased numbers of insects, a key food for chicks, and 

reductions in coarse woody debris that might otherwise inhibit concealment from predators 

(Chapter 5; Rogers and Samuel 1984). If brood habitat management is the goal, then burns 

should be located on slopes having dense stands of blueberries and huckleberries (Haulton et al. 

2003) or on mesic soils, which in oak-hickory forests are typically found in bottomlands 

(Chapters 3 and 4). Finally, this technique has the added benefit of favoring advanced 

regeneration of oak seedlings in the forest understory, and may consequently help prevent stand 

succession to maples and other shade tolerant species (Yahner 2000; but see Van Lear and Brose 

[2002] for specific recommendations on using fire to promote oak regeneration). However, note 

that this technique will also reduce regeneration of American beech (Yahner 2000), so should be 

used with care on sites where this is an important hard mast producing tree. On xeric upland sites 

in the southern Appalachians, burning may favor the creation or maintenance of oak-pine forest 

types (Elliott et al. 1999). 

 

Specific recommendations on the size of patch to burn are impractical, as this is determined 

largely by landform (e.g., slope, natural firebreaks) and availability of resources to the land 

manager (i.e. personnel and equipment). However even small burns (<1ha) will benefit grouse, 

and broods range widely enough to exploit several patches in an area. Along these lines, and 

because benefits are greatest during the first few years after burning, managers should create a 

mosaic of burned areas of different ages and attempt to burn different portions of the stand at 1–4 

year intervals. With regard to timing of burns, late winter may be most appropriate. This reduces 

damage to existing (dormant) understory vegetation, maximizes reduction in leaf litter during the 

growing season, and avoids disturbance of breeding activities of grouse and other wildlife. Also, 

weather is generally most favorable for prescribed burning at this time of year, when relatively 

wet conditions reduce the risk of fire escaping or becoming so hot it damages canopy trees.  
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Prescribed burning can also be used to improve recent clearcuts as grouse habitat (Chapter 5). 

Burning reduces the heavy accumulations of slash created by harvesting, and favors plant and 

insect foods of grouse (Chapter 5). Because of the large amount of fuel present, prescribed burns 

in clearcuts may often become more intense than those in the understory of mature forests. 

However, the goal should still be to burn in conditions favoring a relatively low intensity burn, as 

this minimizes damage to soils and regenerating plant communities. If these cutovers include 

reserve mast trees, efforts should be made to clear dead wood and other fuels from around their 

bases to reduce fire damage and mortality. To minimize delays in regeneration of forest cover, 

burning should be conducted during the first winter following timber harvesting. Again, winter 

burns are likely most appropriate, both for management goals and fire control reasons. 

 

Obviously, safe application of prescribed burning requires expertise, appropriate conditions, and 

relatively large amounts of equipment and personnel. However we see it as being a valuable 

habitat management technique, particularly for improving brood habitat. Thus it is strongly 

recommended wherever resources permit. 

 

4. Management of Roads, Trails, and Openings 

Gullion (1972) suggested that seeding of logging roads and other forest openings is unlikely to 

improve habitat quality for grouse. However, we feel that attention to road management is an 

important aspect of grouse habitat management in the southern and central Appalachians. Our 

analyses indicate that forest roads and trails are an important grouse habitat in the region, and, in 

oak-hickory forests, may be an important alternate foraging habitat during winters following 

poor hard mast crops (Chapters 3 and 4; Schumacher 2002). Roads and other openings located in 

mesic and riparian areas are also heavily used by grouse broods (Chapter 4; Hungerford 1951, 

Stewart 1956). These associations likely result from use of these areas for foraging, as roadsides 

and small openings support abundant plant and insect foods (Hungerford 1951, Hollifield and 

Dimmick 1995). An additional benefit of managing roads for grouse is improved hunting 

opportunities, as these sites can concentrate grouse, facilitate walking, and offer clear lanes for 

shooting (Gullion 1972). At a management area in Wisconsin, gating, mowing, and seeding of 

logging roads led to a 33% increase in hunter success (McCaffery et al. 1996).  



Darroch M. Whitaker Chapter 6: Managing Appalachian Forests for Grouse 181 

 

A number of actions can be taken to improve woodland access roads, skid roads, landings, and 

trails for grouse. Most importantly, these openings should be seeded with a wildlife mix that 

includes legumes such as clover and lespedeza, as well as grasses (Hungerford 1951, Hollifield 

and Dimmick 1995), and native species should be favored whenever possible. These plants can 

be important wildlife foods, and roads seeded with clover support approximately twice as many 

insects as those seeded with orchard grass, and three times more insects than unseeded roads 

(Hollifield and Dimmick 1995). Unfortunately, without periodic maintenance clover will usually 

be slowly replaced by hardy species like broom sedge, orchard grass, or fescue. Consequently, 

annual mowing, as well as periodic reseeding and application of lime and fertilizer may be 

necessary. Vegetating road surfaces also reduces erosion, and so is an important aspect of BMP 

for skid roads and landings created during forest harvesting operations. If managers are 

compelled to create wildlife clearings for grouse these should be small. Grouse will not venture 

far from dense forest cover and so make little use of large wildlife clearings (Schumacher 2002). 

 

Grouse may also benefit from reduced human activity on roads, particularly vehicle traffic and 

particularly during the breeding season. Reduced vehicle travel favors greater development of 

vegetation on the road surface, thereby increasing food production and reducing erosion. Also, 

we found that closure of hunting led to increased use of roads by grouse (Chapter 4). Whether 

non-hunting road use (e.g., by vehicles) also causes avoidance of roads by grouse is unknown. 

However it seems prudent to minimize disturbance in areas managed for wildlife. On public land 

this could most easily be achieved through gating of roads, especially during spring and summer. 

 

5. Other Management Options to Improve Grouse Foods  

A number of additional steps can be taken to favor production of grouse foods. As in clearcutting 

with reserves, production of acorns and beechnuts can be favored in mature forest stands. To do 

this good mast producers are identified using the same criteria as above. The canopies of these 

individual trees are then released to full solar exposure on all sides by girdling or removing 

adjacent trees (Johnson et al. 2002). This differs from stand-wide thinning in that only those trees 

identified as good mast producers are released. As in the clearcutting with reserves technique, 

treatment will lead to more prolific masting by individual trees, with the greatest relative 
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improvement occurring during poor mast years (Johnson et al. 2002). Net mast production of the 

stand will be greater than the clearcuts with reserves because a higher density of mast producing 

trees is retained. However, continued canopy shading prevents development of dense understory 

regeneration. 

 

Buds and flowers of some species of northern hardwoods found in the southern and central 

Appalachians can provide an important and reliable source of high quality grouse foods. These 

include bigtooth aspen, birches, cherries, ironwood (hop-hornbean; Ostrya virginiana), and 

musclewood (hornbeam, blue beech; Carpinus caroliniana). Higher numbers of these species 

may be largely responsible for the reduced dependence of grouse on hard mast crops in mixed 

mesophytic forests, and when present they should be favored. If present on a site, aspen and 

birch regeneration may be improved by retaining a few seed trees in clearcuts and scarification 

of the site with prescribed burning. Where absent, managers may consider plantings on favorable 

sites. Typically these would be coves and mesic bottomlands, particularly those having northern 

and eastern exposures. However this may be expensive, particularly since losses to white-tailed 

deer (Odocoileus virginianus) browsing can be heavy without protective measures.   

 

Steps can also be taken to favor trees and shrubs producing important soft mast foods of ruffed 

grouse. These include blackgum (Nyssa sylvatica), sassafras (Sassafras albidum), cherries and 

wild plum (Prunus spp.), hawthorns (Crataegus spp.), dogwood (Cornus spp.), briars (Smilax 

spp.), grapes (Vitis spp.), serviceberry (Amelanchier spp.), blueberries (Vaccinium spp.), 

huckleberries (Gaylussacia spp.), blackberries and raspberries (Rubus spp.), poison ivy 

(Toxicodendron radicans), hollies (Ilex spp.), and apples and crabapples (Pyrus spp.). A variety 

of actions can be taken to favor these species, including releasing canopy trees (e.g., sassafras, 

cherry, blackgum), understory prescribed burns (see above), and plantings. Perpetuating grape 

arbors by felling overtopping trees may be particularly effective, as grape vines reliably produce 

large amounts of fruit and offer dense escape cover. Grapes left hanging on vines dry out and 

subsequently are consumed by grouse throughout the winter. Many soft mast-producing shrubs 

are found in riparian zones, and low-disturbance steps to reduce shading (e.g., girdling small 

groups of trees) could favor their development. Depending on circumstances and approaches 

taken, efforts to increase soft mast production may be expensive and of limited success. 
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However, as a secondary benefit, creation of patches that attract grouse can improve hunting 

success and enjoyment. 

 

6. Roost Sites 

Managers in the Appalachian region have often attempted to improve wildlife habitat by creating 

dense patches of conifers, most often white pines (Pinus strobus), as roosting cover. However 

our research suggested that conifers, while used, were not strongly favored as roost sites in oak 

forests, where leaf litter accumulations and evergreen shrubs offer favorable alternate roosting 

cover (Chapter 2). However if managers feel that they should enhance evergreen roosting cover 

on a site, the dense foliage of eastern red cedar (Juniperus virginiana) may be a superior 

substrate compared to pines (Thompson and Fritzell 1988, Ott 1990). This species regenerates 

well in old-field sites, and does well on dry calcareous (limestone) soils. These could be placed 

in a variety of topographic situations, but may receive only limited use if located in hollows 

(Chapter 2). A potentially more beneficial approach may be the creation of early successional 

habitat corridors traversing slopes. These will provide escape cover for grouse making daily 

movements between ridge-top roosting areas and bottomland foraging habitats (Chapter 2). 

 

7. Drumming Logs  

Techniques have been developed to create artificial drumming logs (display sites) for male 

ruffed grouse. These methods can be very successful – on one study area male grouse occupied 

78% of artificial drumming sites (Stoll et al. 1999). However, drumming sites rarely are a 

limiting resource for ruffed grouse, and densities of drumming males are similar in areas with 

and without artificial drumming logs (Gullion 1972, Stoll et al. 1999). In fact, where drumming 

logs are in short supply, grouse will display from any elevated site, including rocks or dirt 

mounds created by the upturned roots of blown down trees. Consequently, installing additional 

drumming logs is unlikely to yield increased grouse numbers. However, creation of a few choice 

display sites may be worthwhile where wildlife-viewing opportunities are valued. Also, creation 

of small (0.05–1ha; Stoll et al. 1999) patches of dense early successional habitat on ridges or 

upper slopes, where males usually establish territories, will likely be beneficial.  
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The following steps have been successfully used to create artificial drumming logs (Gullion 

1972, Stoll et al. 1999). Sites should be selected on upper slopes or ridges rather than in hollows, 

and if possible be in the vicinity of a larger patch of young forest (e.g., a clearcut). At each site a 

patch cut of 0.05–0.15ha (0.12–0.37 acres) is harvested to generate a thicket of dense cover 

around the log. If the canopy trees are not to be extracted they should either be felled away from 

the center of the opening, or girdled and left standing to reduce ground level obstruction. At the 

center of the opening a log 30–40cm in diameter (12–16 inches) is felled across the slope. 

Preference should be given to oaks or other decay-resistant species. The butt of this log should 

be placed against a tree or other guard object; the stump from the felled drumming log is ideal, 

but in this case the tree should be cut at least one meter (three feet) above the ground. These sites 

will be unsuitable until the vegetation has grown to provide sufficient cover (4–6 years post-

treatment; Stoll et al. 1999). If more immediate results are desired then, where possible, 

drumming logs can be created in existing thickets of regenerating vegetation.  

 

SUMMARY 

 

Here I have outlined techniques to manage central and southern Appalachian forests to benefit 

ruffed grouse. These recommendations are based on a greatly improved understanding of ruffed 

grouse ecology in the region that has emerged from the Appalachian Cooperative Grouse 

Research Project, as well as a review of the wealth of existing published scientific literature. 

Creation of early successional cover is a proven technique to improve grouse numbers, and still 

forms the cornerstone of the management approach described here. However, modifications to 

clearcutting and other management prescriptions I recommend, which are aimed at relaxing 

specific constraints limiting Appalachian grouse populations, should offer a large improvement 

over generic management techniques developed for other regions. Because forests across the 

region vary in tree species composition, topographic character, and soil moisture and fertility, the 

most appropriate suite of management actions will be unique to each management area, and an 

adaptive approach will be valuable. Consequently, effective managers will also be good 

naturalists, spending time on the management area observing the local flora and fauna. In 

particular, managers should pay close attention to the variety of grouse foods available in an 

area. Where aspen, birch, or cherry are present, these species should be favored as they afford a 
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stable source of high quality winter foods. Where oaks and beech are present, management 

should strive to promote their regeneration and improve and stabilize mast production. 

Understory herbaceous vegetation and soft mast production is also important and variable from 

site to site, so managers should familiarize themselves with ways to promote the development of 

these critical resources. Finally, while grounded in solid ecological research, many of the 

approaches I recommend remain unproven. Consequently, managers should keep detailed 

records of management actions, as well as observations on the response of individual grouse and 

grouse populations (e.g., through drumming counts, brood counts, and hunter surveys). 

Communication of management successes and failures will lead to further refinement of these 

methods, yielding greater rewards in future. 
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Table 6.1. Criteria for ranking acorn production by individual oaks (from Johnson et al. 2002, p. 

399). Counts are conducted on the terminal 24 inches of branches in the upper one third of 

crowns that are exposed to direct sunlight. For species in the red oak group terminal branch tips 

do not include the current year’s growth, as acorns require two growing seasons to develop. 

Sampling should be conducted from August 10th–25th. Note that in any given year good mast 

producers may not reach their potential, so several years of monitoring is recommended. 

 

 Average Number of Acorns per Branch 

Ranking White Oak Group Red Oak Group 

   
Excellent >17 >23 

Good 12–17 16–23 

Fair 6–11 8–15 

Poor <6 <8 
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Figure 6.1. Sample of a hypothetical 250ha landscape after 25 years of management for ruffed 

grouse. Because of steep slopes, some areas are unsuited for harvesting, so only ≈7% of the land 

area is being maintained in the 5–15 year old age class. Contour interval is 6 meters (20 feet). 
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(SEE CHAPTER 3) 
 



 

Table A.1. Complete set of models developed to explain variation in fall-winter home range size of Appalachian ruffed grouse (1996–

2001). The subset of “best” models is presented in Table 3.7, while definitions for variables are provided in Table 3.1.  
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Model AICc ωi R2
adj 

    
Y = β0 + For + Site(For) + SA + CC + Acs + Mast + Trap + (CC×SA) + (Trap×SA) + (Mast×For) + (SA×For) + (Mast×SA) + 

(Mast×SA×For) + ε -235.1   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

0.31 0.290

Y = β0 + For + Site(For) + SA + CC + Acs + Mast + EU + ε -234.6 0.24 0.262

Y = β0 + For + Site(For) + SA + CC + Acs + Mast + (Mast×For) + (SA×For) + (Mast×SA) + (Mast×SA×For) + ε -234.3 0.20 0.277

Y = β0 + For + Site(For) + SA + CC + Acs + Mast +  (CC×SA) + (Mast×For) + (SA×For) + (Mast×SA) + (Mast×SA×For) + ε -232.3 0.08 0.279

Y = β0 + For + Site(For) + SA + CC + Acs + Mast + Trap + (Trap×SA) + (Mast×For) + (SA×For)+ (Mast×SA) + (Mast×SA×For) +ε -232.1 0.07 0.280
Y = β0 + For + Site(For) + SA + CC + Acs + Mast +  Trap + Conif + EU + (CC×SA) + (Acs×SA) + (Trap×SA) + (Conif×SA) + 

(Mast×For) + (SA×For) + (Mast×SA) + (Mast×SA×For) + ε -231.4 0.05 0.299

Y = β0 + For + Site(For) + SA + CC + Acs + Mast + (Mast×For) + ε -229.7 0.02 0.255

Y = β0 + For + Site(For) + SA + CC + EU + Mast + (Mast×For) + (Mast×EU) + ε -229.7 0.02 0.256

Y = β0 + For + Site(For) + SA + CC + Mast + (Mast×For) + ε -227.0 0.01 0.249

Y = β0 + For + Site(For) + SA + CC + Acs + EU + ε -226.5 0.00 0.248

Y = β0 + For + Site(For) + SA + CC + Acs + Trap + (SA×Trap) + ε -225.0 0.00 0.251

Y = β0 + For + Site(For) + SA + CC + Acs + Conif + EU + (SA×Conif) + (SA×EU) + ε -224.8 0.00 0.258

Y = β0 + For + Site(For) + SA + CC + Acs + ε -223.1 0.00 0.242

Y = β0 + For + Site(For) + SA + CC + Trap + (SA×Trap) + ε -222.4 0.00 0.246

Y = β0 + For + Site(For) + SA + CC + Acs + (SA×CC) + ε -222.2 0.00 0.245

Y = β0 + For + Site(For) + SA + CC + Acs + TMI + ε -222.1 0.00 0.242

Y = β0 + For + Site(For) + SA + CC + Acs + (SA×Acs) + ε -221.7 0.00 0.245

Y = β0 + For + Site(For) + SA + CC + ε -221.1
 

0.00
 

0.237
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Model AICc ωi R2

adj 

    
Y = β0 + For + Site(For) + SA + CC + Acs + (SA×CC) + (SA×Acs) + ε -220.4   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   
   

0.00 0.248

Y = β0 + For + Site(For) + SA + CC + Acs + EU + (SA×EU) + ε -220.3 0.00 0.244

Y = β0 + For + Site(For) + SA + CC + (SA×CC) + ε -220.3 0.00 0.241

Y = β0 + For + Site(For) + SA + CC + Acs + TMI + (SA×For) + (SA×TMI) + (For×TMI) + (SA×For×TMI) + ε -220.2 0.00 0.256

Y = β0 + For + Site(For) + SA + CC + (CC×For) + ε -219.9 0.00 0.237

Y = β0 + For + Site(For) + SA + CC + Acs + Conif + EU + (SA×EU) + ε -218.7 0.00 0.243

Y = β0 + For + Site(For) + SA + Mast + (Mast×For) + (SA×For) + (Mast×SA) + (Mast×SA×For) + ε -213.7 0.00 0.243

Y = β0 + For + Site(For) + SA + Mast + ε -209.4 0.00 0.219

Y = β0 + For + Site(For) + SA + Mast + (Mast×For) + ε -207.9 0.00 0.218

Y = β0 + For + Site(For) + SA + ε -202.0 0.00 0.206

Y = β0 + SA + CC + Mast + ε -193.2 0.00 0.175

Y = β0 + For + SA + CC + Mast + (SA×CC)  + (Mast×For) + (SA×For) + (Mast×SA) + (Mast×SA×For) + ε -189.3 0.00 0.194

Y = β0 + SA + CC + ε -188.5 0.00 0.165

Y = β0 + For + Site(For) + CC + Acs + ε -163.2 0.00 0.140

Y = β0 + For + Site(For) + Mast + (Mast×For) + ε -129.9 0.00 0.081

Y = β0 + For + Site(For) + ε -127.8 0.00 0.073

Y = β0 + CC + ε -113.5 0.00 0.032

Y = β0 + For + CC + Mast + (Mast×For) + ε -111.7 0.00 0.035

Y = β0 + ε       (null model) -98.0 0.00 0.000
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Table A.2. Complete set of models developed to explain variation in spring-summer home range size of female ruffed grouse (1996–

2001). The subset of “best” models is presented in Table 3.8, while definitions for variables are provided in Table 3.1.  
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Model AICc ωi R2
adj 

    
Y = β0 + For + Site(For) + CC + Acs + TMI + Mast + Brood + (Brood×For) + (TMI×For) + ε -56.0   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

0.72 0.232

Y = β0 + For + Site(For) + CC + Acs + TMI + Mast + Brood + (Brood×For) + (TMI×For) + (Brood×TMI) + (Brood×TMI×For) + ε -53.9 0.25 0.235

Y = β0 + For + Site(For) + CC + TMI + Brood + (TMI×For) + ε -47.7 0.01 0.178

Y = β0 + For + CC + TMI + Mast + Brood + (Brood×For) + (TMI×For) + (Mast×For) + ε -46.9 0.01 0.152

Y = β0 + For + CC + Acs + TMI + Mast + Brood + ε -45.4 0.00 0.133

Y = β0 + For + Acs + TMI + Mast + (TMI×For) + ε -42.8 0.00 0.115

Y = β0 + For + TMI + Mast + Brood + (TMI×For) + (Mast×For) + ε -42.7 0.00 0.161

Y = β0 + For + Site(For) + CC + Acs + TMI + Mast + Brood + ε -42.4 0.00 0.160

Y = β0 + For + Site(For) + Acs + TMI + Mast + Brood + (Brood×Mast) + (TMI×For) + (Mast×For) + ε -42.4 0.00 0.172

Y = β0 + For + Site(For) + CC + Acs + TMI + Mast + Brood + (Brood×For) + (Mast×For) + (Brood×Mast) + (Brood×Mast×For) + ε -41.5 0.00 0.181

Y = β0 + For + TMI + Mast + ε -40.3 0.00 0.091

Y = β0 + TMI + Mast + Brood + ε -39.9 0.00 0.089

Y = β0 + For + Site(For) + CC + TMI + Mast + Brood + (Brood×Mast) + ε -38.8 0.00 0.143

Y = β0 + TMI + Mast + Brood + (Brood×Mast) + ε -38.5 0.00 0.088

Y = β0 + For + Site(For) + CC + Acs + TMI + Mast + ε -38.5 0.00 0.135

Y = β0 + Mast + ε -38.0 0.00 0.068

Y = β0 + For + Site(For) + TMI + Brood + (TMI×For) + ε -37.9 0.00 0.126

Y = β0 + For + Site(For) + Age + CC + Acs + Brood + ε -37.7
 

0.00
 

0.131
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Model AICc ωi R2

adj 

    
Y = β0 + For + Site(For) + CC + Brood + (Brood×For) + (CC×For) + ε -37.2   

   

   

   

   

   

   

   

   

   

   

   
   

0.00 0.129

Y = β0 + For + Site(For) + CC + Acs + TMI + ε -37.2 0.00 0.123

Y = β0 + For + Site(For) + CC + TMI + Mast + ε -36.7 0.00 0.120

Y = β0 + For + TMI + (TMI×For) + ε -34.1 0.00 0.059

Y = β0 + For + Site(For) + TMI + Mast + Brood + (Brood×Mast) + ε -33.9 0.00 0.113

Y = β0 + For + Site(For) + TMI + Mast + ε -32.1 0.00 0.091

Y = β0 + For + Site(For) + Age + CC + Acs + (Age×CC) + ε -32.0 0.00 0.103

Y = β0 + For + Site(For) + Brood + ε -30.4 0.00 0.076

Y = β0 + For + Site(For) + Age + Acs + TMI + Mast + (Age×Acs) + (Age×Mast) + ε -30.4 0.00 0.108

Y = β0 + For + Site(For) + Age + TMI + CC + (Age×TMI) + ε -29.8 0.00 0.092

Y = β0 + Brood + ε -27.6 0.00 0.013

Y = β0 + ε       (null model) -26.3 0.00 0.000
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Table A.3. Complete set of models developed to explain variation in spring-summer home range size of male ruffed grouse (1996–

2001). The subset of “best” models is presented in Table 3.8, while definitions for variables are provided in Table 3.1.  
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Model AICc ωi R2
adj 

    
Y = β0 + For + Site(For) + Age + CC + ε -113.2   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

0.22 0.247

Y = β0 + For + Site(For) + Age + CC + Acs + ε -113.0 0.21 0.253

Y = β0 + For + Site(For) + Age + CC + Acs + (CC×Age) + (Acs×Age) + ε -111.4 0.09 0.258

Y = β0 + For + Site(For) + CC + Acs + ε -111.1 0.08 0.236

Y = β0 + For + Site(For) + CC + (CC×For) + ε -110.5 0.06 0.232

Y = β0 + For + Site(For) + CC + TMI + Mast + ε -110.5 0.06 0.239

Y = β0 + For + Site(For) + CC + Acs + TMI + Mast + (TMI×For) + ε -110.2 0.05 0.252

Y = β0 + For + Site(For) + CC + TMI + ε -109.6 0.04 0.228

Y = β0 + For + Site(For) + CC + Acs + Mast + (CC×For) + (Mast×For) + ε -109.4 0.03 0.248

Y = β0 + For + Site(For) + Age + CC + Acs + (CC×Age) + (CC×Acs) + ε -109.0 0.03 0.246

Y = β0 + For + Site(For) + CC + Acs + TMI + ε -108.9 0.03 0.231

Y = β0 + For + Site(For) + CC + TMI + (TMI×For) + ε -108.8 0.03 0.230

Y = β0 + For + Site(For) + CC + Acs + (CC×For) + (Acs×For) + ε -108.6 0.02 0.236

Y = β0 + For + Site(For) + TMI + (TMI×For) + ε -108.6 0.02 0.191

Y = β0 + For + Site(For) + CC + Acs + TMI + (CC×For) + (TMI×For) + ε -106.7 0.01 0.233

Y = β0 + For + Site(For) + Acs + TMI + Mast + ε -106.6 0.01 0.218

Y = β0 + For + Site(For) + ε -105.8 0.01 0.192

Y = β0 + For + Site(For) + Age + CC + Acs + (CC×For) + (CC×Age) +  (For×Age) + (CC×Age×For) + ε -105.6
 

0.01
 

0.243
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Model AICc ωi R2

adj 

    
Y = β0 + For + Site(For) + CC + TMI + (CC×For) + (TMI×For) +  (CC×TMI) + (CC×TMI×For) + ε -105.6   

   

   

   

   

   

   

   

   

   

   
   

0.00 0.235

Y = β0 + For + Site(For) + Acs + TMI + Mast + (TMI×For) + (Mast×For) + ε -105.3 0.00 0.226

Y = β0 + For + Site(For) + TMI + Mast + (TMI×For) + (Mast×For) + ε -103.8 0.00 0.210

Y = β0 + For + CC + TMI + Mast + (TMI×For) + (Mast×For) + ε -85.1 0.00 0.057

Y = β0 + ε       (null model) -83.5 0.00 0.000

Y = β0 + Mast + ε -81.8 0.00 -0.004

Y = β0 + For + Age + CC + Acs + TMI + Mast + (CC×Age) + (TMI×Age) + ε -81.5 0.00 0.050

Y = β0 + For + Acs + TMI + Mast + (TMI×For) + ε -81.3 0.00 0.024

Y = β0 + For + TMI + (TMI×For) + ε -81.1 0.00 0.006

Y = β0 + TMI + Mast + ε -79.7 0.00 -0.011

Y = β0 + For + TMI + Mast + ε -78.2 0.00 -0.014
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APPENDIX B: MODELS DEVELOPED TO EXPLAIN VARIATION IN HABITAT 

SELECTION BY RUFFED GROUSE 

 

(SEE CHAPTER 4)



 

Table B.1. Complete set of a priori models developed to explain variation in within-home range and landscape-level selection for 

clearcuts during fall-winter and spring-summer by ruffed grouse in the Appalachian Mountains, 1996-2001. The subset of “best” 

models is presented in Table 4.3. Definitions of abbreviations, provided in table 4.1, may differ from those used in Appendix A. 
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 Landscape Scale Within Home Ranges 

Model AICc ωi R2
adj AICc ωi R2

adj 

       
Y = β0 + For + ε 4701      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

0.00 0.014 4292 0.00 0.007

Y = β0 + For + Site(For) + ε 4584 0.00 0.166 4285 0.00 0.023

Y = β0 + For + Site(For) + LsCC + ε 4585 0.00 0.166 4287 0.00 0.022

Y = β0 + For + Site(For) + Ln75 + ε 4527 0.00 0.229 4266 0.00 0.051

Y = β0 + For + Site(For) + Ln75 + LsCC + ε 4529 0.00 0.229 4267 0.00 0.050

Y = β0 + For + Site(For) + Mast + Mast×For + ε 4585 0.00 0.167 4287 0.00 0.024

Y = β0 + For + Site(For) + Sex + ε 4567 0.00 0.186 4280 0.00 0.032

Y = β0 + For + Site(For) + Sex + Acs + TMI + Sex×For + Sex×TMI + For×TMI + Sex×For×TMI + ε 4521 0.00 0.241 4258 0.00 0.067

Y = β0 + For + Site(For) + Sex + Mast + Sex×For + ε 4571 0.00 0.184 4280 0.00 0.035

Y = β0 + For + Site(For) + Sex + Sea + ε 4566 0.00 0.188 4278 0.00 0.036

Y = β0 + For + Site(For) + Sex + Sea + Acs + Core + Sex×Sea + ε 4533 0.00 0.227 4264 0.00 0.058

Y = β0 + For + Site(For) + Sex + Sea + Acs + Mast + Sex×Sea + ε 4536 0.00 0.224 4266 0.00 0.056

Y = β0 + For + Site(For) + Sex + Sea + Acs + Mast + Sex×Sea + Mast×Sea + ε 4538 0.00 0.224 4267 0.00 0.055

Y = β0 + For + Site(For) + Sex + Sea + Acs + Sex×Sea + ε 4534 0.00 0.225 4264 0.00 0.057

Y = β0 + For + Site(For) + Sex + Sea + Mast + Mast×For + Mast×Sea + For×Sea + Mast×For×Sea + ε 4570 0.00 0.190 4285 0.00 0.034

Y = β0 + For + Site(For) + Sex + Sea + Mast + Sex×For + ε 4570 0.00 0.187 4278 0.00 0.038

Y = β0 + For + Site(For) + Sex + Sea + Mast + Sex×Mast + ε 4567
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 Landscape Scale Within Home Ranges 

Model AICc ωi R2
adj AICc ωi R2

adj 

       
Y = β0 + For + Site(For) + Sex + Sea + Mast + Sex×Mast + Mast×For + ε 4566      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

0.00 0.192 4281 0.00 0.035

Y = β0 + For + Site(For) + Sex + Sea + Sex×Sea + ε 4566 0.00 0.190 4275 0.00 0.040

Y = β0 + For + Site(For) + SA + ε 4562 0.00 0.194 4282 0.00 0.031

Y = β0 + For + Site(For) + SA + Ln75 + LsCC + ε 4527 0.00 0.233 4269 0.00 0.051

Y = β0 + For + Site(For) + SA + Acs + ε 4530 0.00 0.230 4270 0.00 0.049

Y = β0 + For + Site(For) + SA + Acs + TMI + ε 4513 0.00 0.248 4257 0.01 0.065

Y = β0 + For + Site(For) + SA + Acs + TMI + LsCC + ε 4518 0.00 0.245 4263 0.00 0.061

Y = β0 + For + Site(For) + SA + Acs + TMI + Ln75 + ε 4485 0.05 0.278 4249 0.54 0.079

Y = β0 + For + Site(For) + SA + Acs + TMI + Ln75 + LsCC + ε 4487 0.02 0.277 4251 0.22 0.078

Y = β0 + For + Site(For) + SA + Acs + TMI + Ln75 + SA×For + SA×TMI + For×TMI + SA×For×TMI + ε 4479 0.93 0.294 4251 0.22 0.090

Y = β0 + For + Site(For) + SA + Acs + TMI + SA×For + SA×TMI + For×TMI + SA×For×TMI + ε 4509 0.00 0.262 4258 0.00 0.078

Y = β0 + For + Site(For) + SA + Sea + ε 4561 0.00 0.196 4281 0.00 0.035

Y = β0 + For + Site(For) + SA + Sea + Ln75 + LsCC + ε 4528 0.00 0.234 4269 0.00 0.053

Y = β0 + For + Site(For) + SA + Sea + Acs + ε 4530 0.00 0.231 4269 0.00 0.051

Y = β0 + For + Site(For) + SA + Sea + Acs + Core + SA×Sea + ε 4532 0.00 0.234 4270 0.00 0.055

Y = β0 + For + Site(For) + SA + Sea + Acs + Mast + SA×Sea + ε 4534 0.00 0.232 4272 0.00 0.053

Y = β0 + For + Site(For) + SA + Sea + Acs + Mast + SA×Sea + Mast×Sea + ε 4536 0.00 0.231 4274 0.00 0.052

Y = β0 + For + Site(For) + SA + Sea + Acs + SA×Sea + ε 4532 0.00 0.232 4270 0.00 0.054

Y = β0 + For + Site(For) + SA + Sea + SA×Sea + ε 4563 0.00 0.197 4282 0.00 0.037

Y = β0 + ε       (null model) 4710
 

0.00
 

0.000
 

4296
 

0.00
 

0.000
  01 



 

Table B.2. Complete set of a priori models developed to explain variation in within-home range and landscape-level selection for 

access routes during fall-winter and spring-summer by ruffed grouse in the Appalachian Mountains, 1996-2001. The subset of “best” 

models is presented in Table 4.4. Definitions of abbreviations, provided in table 4.1, may differ from those used in Appendix A. 
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 Landscape Scale Within Home Ranges 

Model AICc ωi R2
adj AICc ωi R2

adj 

       
Y = β0 + For + ε 5596      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

0.00 -0.001 5794 0.00 -0.001

Y = β0 + For + Site(For) + ε 5490 0.00 0.123 5795 0.00 0.007

Y = β0 + For + Site(For) + Ln75 + ε 5461 0.00 0.153 5789 0.01 0.015

Y = β0 + For + Site(For) + Ln75 + LsAcs + ε 5463 0.00 0.152 5791 0.00 0.014

Y = β0 + For + Site(For) + Mast + Mast×For + ε 5494 0.00 0.121 5797 0.00 0.006

Y = β0 + For + Site(For) + Sex + ε 5484 0.00 0.130 5794 0.00 0.009

Y = β0 + For + Site(For) + Sex + CC + TMI + Sex×For + Sex×TMI + For×TMI + Sex×For×TMI + ε 5445 0.00 0.174 5788 0.01 0.023

Y = β0 + For + Site(For) + Sex + Mast + Sex×For + ε 5488 0.00 0.128 5796 0.00 0.008

Y = β0 + For + Site(For) + Sex + Sea + CC + Core + Sex×Sea + ε 5450 0.00 0.167 5787 0.01 0.021

Y = β0 + For + Site(For) + Sex + Sea + CC + TMI + Mast + LsAcs + Mast×Sea + TMI ×For + ε 5443 0.00 0.177 5783 0.10 0.030

Y = β0 + For + Site(For) + Sex + Sea + CC + TMI + Mast + Mast×Sea + TMI ×For + ε 5441 0.01 0.178 5781 0.28 0.031

Y = β0 + For + Site(For) + Sex + Sea + CC + TMI + Ln75 + Mast + Mast×Sea + For×TMI + ε 5432 0.68 0.187 5780 0.38 0.033

Y = β0 + For + Site(For) + Sex + Sea + CC + Mast + Sex×Sea + ε 5452 0.00 0.165 5788 0.01 0.020

Y = β0 + For + Site(For) + Sex + Sea + CC + Mast + Sex×Sea + Mast×Sea + ε 5450 0.00 0.169 5782 0.12 0.028

Y = β0 + For + Site(For) + Sex + Sea + CC + Sex×Sea + ε 5450 0.00 0.166 5787 0.01 0.020

Y = β0 + For + Site(For) + Sex + Sea + Mast + Mast×For + Mast×Sea + For×Sea + Mast×For×Sea + ε 5488 0.00 0.132 5796 0.00 0.014

Y = β0 + For + Site(For) + Sex + Sea + Mast + Sex×For + ε 5488
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 Landscape Scale Within Home Ranges 

Model AICc ωi R2
adj AICc ωi R2

adj 

       
Y = β0 + For + Site(For) + Sex + Sea + Mast + Sex×Mast + Mast×For + ε 5490      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

0.00 0.128 5801 0.00 0.006

Y = β0 + For + Site(For) + Sex + Sea + Sex×Sea + ε 5486 0.00 0.130 5797 0.00 0.007

Y = β0 + For + Site(For) + SA + ε 5483 0.00 0.132 5798 0.00 0.007

Y = β0 + For + Site(For) + SA + CC + ε 5448 0.00 0.168 5788 0.01 0.019

Y = β0 + For + Site(For) + SA + CC + TMI + ε 5447 0.00 0.170 5790 0.00 0.018

Y = β0 + For + Site(For) + SA + CC + TMI + Ln75 + ε 5438 0.04 0.180 5789 0.00 0.020

Y = β0 + For + Site(For) + SA + CC + TMI + Ln75 + LsAcs + ε 5440 0.01 0.179 5791 0.00 0.019

Y = β0 + For + Site(For) + SA + CC + TMI + Ln75 + SA×For + SA×TMI + For×TMI + SA×For×TMI + ε 5443 0.00 0.185 5797 0.00 0.023

Y = β0 + For + Site(For) + SA + CC + TMI + SA×For + SA×TMI + For×TMI + SA×For×TMI + ε 5452 0.00 0.176 5797 0.00 0.022

Y = β0 + For + Site(For) + SA + Sea + ε 5483 0.00 0.134 5800 0.00 0.006

Y = β0 + For + Site(For) + SA + Sea + CC + ε 5449 0.00 0.168 5790 0.00 0.018

Y = β0 + For + Site(For) + SA + Sea + CC + LsAcs + ε 5451 0.00 0.167 5792 0.00 0.017

Y = β0 + For + Site(For) + SA + Sea + CC + Core + SA×Sea + ε 5452 0.00 0.169 5794 0.00 0.019

Y = β0 + For + Site(For) + SA + Sea + CC + Ln75 + ε 5440 0.02 0.178 5789 0.00 0.020

Y = β0 + For + Site(For) + SA + Sea + CC + TMI + Mast + Ln75 + Mast×Sea + For×TMI + ε 5434 0.24 0.188 5784 0.05 0.031

Y = β0 + For + Site(For) + SA + Sea + CC + Mast + SA×Sea + Mast×Sea + ε 5452 0.00 0.170 5790 0.00 0.025

Y = β0 + For + Site(For) + SA + Sea + CC + SA×Sea + ε 5452 0.00 0.169 5794 0.00 0.018

Y = β0 + For + Site(For) + SA + Sea + SA×Sea + ε 5486 0.00 0.134 5803 0.00 0.005

Y = β0 + ε       (null model) 5595
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Table B.3. Complete set of a priori models developed to explain variation in within-home range and landscape-level selection for 

mesic bottomlands during fall-winter and spring-summer by ruffed grouse in the Appalachian Mountains, 1996-2001. The subset of 

“best” models is presented in Table 4.5. Definitions of abbreviations, provided in table 4.1, may differ from those used in Appendix A. 
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 Landscape Scale Within Home Ranges 

Model AICc ωi R2
adj AICc ωi R2

adj 

       
Y = β0 + For + ε 4725      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

0.00 -0.001 4847 0.00 0.009

Y = β0 + For + Site(For) + LsTMI + ε 4684 0.00 0.055 4814 0.01 0.054

Y = β0 + For + Site(For) + CC + Acs + LsTMI + ε 4671 0.09 0.071 4811 0.07 0.061

Y = β0 + For + Site(For) + CC + Acs + Mast + ε 4672 0.05 0.070 4809 0.13 0.062

Y = β0 + For + Site(For) + CC + Acs + Mast + LsTMI + ε 4672 0.04 0.071 4809 0.15 0.063

Y = β0 + For + Site(For) + Mast + Mast×For + ε 4688 0.00 0.051 4815 0.01 0.055

Y = β0 + For + Site(For) + Sea + CC + LsTMI + For×Sea + ε 4668 0.27 0.075 4818 0.00 0.053

Y = β0 + For + Site(For) + Sex + Sea + CC + Acs + Mast + LsTMI + Sex×Sea + ε 4674 0.02 0.073 4810 0.12 0.066

Y = β0 + For + Site(For) + Sex + Sea + CC + Core + Sex×Sea + ε 4675 0.01 0.069 4816 0.00 0.057

Y = β0 + For + Site(For) + Sex + Sea + CC + Acs + Mast + Mast×Sea + ε 4675 0.01 0.071 4814 0.01 0.061

Y = β0 + For + Site(For) + Sex + Sea + CC + Mast + LsTMI + Sex×Sea + ε 4674 0.01 0.071 4813 0.02 0.061

Y = β0 + For + Site(For) + Sex + Sea + CC + Mast + Sex×Sea + Mast×Sea + ε 4676 0.00 0.069 4816 0.01 0.058

Y = β0 + For + Site(For) + Sex + Sea + Mast + Mast×For + Mast×Sea + For×Sea + Mast×For×Sea + ε 4689 0.00 0.057 4817 0.00 0.058

Y = β0 + For + Site(For) + Sex + Sea + Mast +  Sex×For + ε 4688 0.00 0.053 4818 0.00 0.054

Y = β0 + For + Site(For) + Sex + Sea + Mast +  Sex×Mast + ε 4685 0.00 0.057 4818 0.00 0.054

Y = β0 + For + Site(For) + Sex + Sea + Mast +  Sex×Mast +  Mast×For + ε 4687 0.00 0.056 4818 0.00 0.055

Y = β0 + For + Site(For) + Sex + Sea +  Sex×Sea + ε 4685
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 Landscape Scale Within Home Ranges 

Model AICc ωi R2
adj AICc ωi R2

adj 

       
Y = β0 + For + Site(For) + SA + ε 4688      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

0.00 0.052 4819 0.00 0.051

Y = β0 + For + Site(For) + SA + CC + LsTMI + ε 4676 0.01 0.068 4817 0.00 0.056

Y = β0 + For + Site(For) + SA + CC + Acs + ε 4675 0.01 0.069 4815 0.01 0.058

Y = β0 + For + Site(For) + SA + CC + Acs + LsTMI + SA×Acs + ε 4672 0.04 0.077 4815 0.01 0.063

Y = β0 + For + Site(For) + SA + CC + Acs + Ln75 + ε 4674 0.02 0.071 4816 0.00 0.058

Y = β0 + For + Site(For) + SA + CC + Acs + Mast + LsTMI + SA×For + ε 4677 0.00 0.072 4807 0.42 0.072

Y = β0 + For + Site(For) + SA + CC + Acs + SA×Acs + ε 4673 0.03 0.075 4818 0.00 0.058

Y = β0 + For + Site(For) + SA + Sea + CC + ε 4677 0.00 0.067 4821 0.00 0.052

Y = β0 + For + Site(For) + SA + Sea + CC + Core + Sea×For + ε 4676 0.01 0.070 4824 0.00 0.050

Y = β0 + For + Site(For) + SA + Sea + CC + Acs + LsTMI + SA×Acs + Sea×For + ε 4670 0.13 0.081 4819 0.00 0.061

Y = β0 + For + Site(For) + SA + Sea + CC + Acs + LsTMI + Ln75 + SA×Acs + Sea×For + ε 4670 0.15 0.082 4820 0.00 0.061

Y = β0 + For + Site(For) + SA + Sea + CC + Acs + Ln75 + SA×Acs + Sea×For + ε 4671 0.07 0.080 4823 0.00 0.057

Y = β0 + For + Site(For) + SA + Sea + CC + Acs + Mast + Ln75 + Mast×Sea + ε 4678 0.00 0.070 4818 0.00 0.060

Y = β0 + For + Site(For) + SA + Sea + CC + Mast + SA×Sea + ε 4679 0.00 0.071 4820 0.00 0.057

Y = β0 + For + Site(For) + SA + Sea + CC + Mast + SA×Sea + Mast×Sea + ε 4681 0.00 0.071 4822 0.00 0.056

Y = β0 + For + Site(For) + SA + Sea + CC + Sea×For + ε 4674 0.01 0.071 4823 0.00 0.050

Y = β0 + For + Site(For) + SA + Sea + CC + SA×Sea + ε 4674 0.01 0.071 4817 0.00 0.055

Y = β0 + For + Site(For) + SA + Sea + Sea×For + ε 4687 0.00 0.056 4822 0.00 0.050

Y = β0 + ε       (null model) 4723
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