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SPATIAL RELATIONSHIPS OF NEIGHBORING MALE RUFFED 
GROUSE IN SPRING' 
HERBERT L. ARCHIBALD, Department of Ecology and Behavioral Biology, University of Minnesota, St. Paul 55101" 

Abstract: Locations of five drumming male ruffed grouse (Bonasa umbellus) were recorded with an auto- 
matic radiotracking system on the Cedar Creek Natural History Area in east-central Minnesota during 
spring 1970. Overlap of the ranges of 2 adjacent males was found in 17 of 23 weeks, and mutually occu- 
pied areas varied from 0 to 3.21 ha 

(- 
= 0.88). Size of the overlapping area was negatively correlated 

with distance between activity centers and positively correlated with mean size of the two neighbors' 
ranges. A strong tendency was found for differential use of overlapping 0.026-ha gridsquares. Male grouse 
usually avoided their neighbor's side of an artificial boundary line, suggesting that real territorial bound- 
aries may have existed. Values of an index of interaction potential (based on locations :2 minutes apart) 
showed that adjacent males could have displayed at close quarters or fought in most (78 percent) cases. 
One of two vacated territories was reoccupied by an unmarked juvenile male. 

J. WILDL. MANAGE. 40(4):750-760 

There is general agreement that male 
ruffed grouse are territorial during the 

breeding season (Edminster 1947:50, 
Fowle 1953, Palmer 1963, Sumanik 1966, 
Gullion 1970, Rusch and Keith 1971a), 
but many questions concerning relations 
between neighboring males remain unan- 
swered. Only recently (Aubin 1970) has it 
been shown that males defend the area near 
their drumming log against intruding 
grouse. In all interactions observed by 
Aubin, the male trespasser fled in response 
to the resident's displays. Actual fighting 
occurs among wild ruffed grouse only rarely 
(Bump et al. 1947:268). Aubin (1970:80) 
found that the incidence of interactions be- 
tween territorial males and intruders was 
low, and concluded that "this may result 
from defence of area by drumming." 

Thus, in the standard sense of a "de- 
fended area" (Noble 1939), the concept of 

territoriality clearly applies to the male 
ruffed grouse. Brown and Orians (1970) 
stressed that the estimation of territory 
should be based on a delineation of all 

points at which defense is observed. How- 
ever, the defended area is difficult to mea- 
sure and can be determined only when a 
male is called upon to defend his territory 
frequently during the study (Weeden 
1965). In ruffed grouse, delineation of the 
defended area also is impeded by dense 
vegetation, cryptic coloration of subjects, 
and the low number of drumming logs 
regularly used by the typical male (Su- 
manik 1966). It is not surprising, then, that 
territorial boundaries have not been demon- 
strated, and the extent to which ranges or 
territories of adjacent males overlap spa- 
tially and temporally is unknown. 

During the breeding season of 1970, I 
studied use of space by ruffed grouse with 
automatic radiotracking equipment (Archi- 
bald 1975). Rather than attempt to delin- 
eate defended areas, I investigated over- 
lapping use of space by neighboring males 
and estimated potential for interaction (dis- 
playing at close quarters or fighting) in 
space and time. Whether such interaction 
actually took place and, if so, whether it 
involved territorial defense were not known. 

For inspiration and advice in all phases of 
the investigation, I wish to thank the fol- 

lowing University of Minnesota personnel: 
J. R. Tester, G. W. Gullion, W. H. Marshall, 

1 Journal Paper No. 5924, Purdue University Ag- 
ricultural Experiment Station. 

2 Present address: Department of Forestry and 
Natural Resources, Purdue University, West Lafay- 
ette, Indiana 47907. 
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D. B. Siniff, and D. F. McKinney. Technical 
assistance was provided by Bioelectronics 
Laboratory personnel including V. Kuechle, 
R. Reichle, and R. Schuster. The field assis- 
tance of R. A. Huempfner and others at the 
Cedar Creek Natural History Area is grate- 
fully acknowledged. D. S. Gilmer and 
G. G. Montgomery helped clarify my con- 
ception of range overlap. G. L. Storm, 
C. M. Kirkpatrick, and H. P. Weeks offered 
useful suggestions on the manuscript. Fi- 
nancial support was provided by NIH 
Training Grant No. 5 T01 GM01779 and the 
U.S. Atomic Energy Commission (COO- 
1332-107). 

METHODS 
This investigation was conducted at the 

Cedar Creek Natural History Area, about 
48 km north of Minneapolis, Minnesota. 
The study area was described by Pierce 
(1954), Bray et al. (1959), and Archibald 
(1975). 

An automatic radiotracking system 
(Cochran et al. 1965) was used to deter- 
mine locations (fixes) of grouse at 5-minute 
intervals. Procedures for capture, examina- 
tion, radiomarking, and release of birds and 
preliminary processing of location data were 
described previously (Archibald 1975). 
Ranges of individual grouse for 7-day pe- 
riods were analyzed with a "computer-fill" 
method. Range size was estimated by sum- 

ming 0.026-ha (0.016 km on a side) grid- 
squares containing 1 or more fixes plus 
certain empty gridsquares assumed to have 
been occupied according to 2 criteria de- 
scribed by Archibald (1975). Center of 

activity (Hayne 1949) was determined by 
computing means of the x- and y-coordi- 
nates of all fixes for each 7-day period. 

The zone of overlap of the ranges of two 

adjacent males was defined as all grid- 
squares occupied by both during a given 
week. For each individual, the percentage 

of his range that was overlapped (Jorgensen 
1968) and his intensity of use (Siniff 1966, 
Minnesota Mus. Nat. Hist. Tech. Rep. 12, 
Adams and Davis 1967) of the overlap 
zone was determined. Intensity of use was 
computed as the percentage of the total 
number of fixes for a male that fell in the 
overlap zone. Thus, a gridsquare contain- 
ing no fixes but assumed to have been oc- 
cupied by both neighbors was included in 
the zone of overlap but was considered to 
have zero intensity of use. 

To evaluate relative use of overlapping 
gridsquares, I computed the ratio of the 
greater to lesser use-intensity of each grid- 
square with at least one fix for each neigh- 
bor. These ratios were averaged to provide 
a mean use-intensity ratio. Its minimum 
value was 1.0, the case where each overlap- 
ping gridsquare was used by both males 
with equal intensity. 

Unless individuals of the species under 
study can confront conspecifics indirectly 
(e.g., scent-marking), opportunities for con- 
tact must be demonstrated in both space 
and time. For each case in which overlap 
exceeded an arbitrary minimum of 0.2 ha, 
I computed the percentage of simultaneous 
( 2 minutes apart) fixes in which both 
males were in (1) the overlap zone, (2) 
the same gridsquare, and (3) either the 
same or 1 of the 8 adjacent gridsquares. 
Expected values for the first two were 
determined under the assumption that lo- 
cations of each grouse were independent. 
The probability of joint occupation of the 
zone of overlap was computed as the pro- 
duct of the individual intensities of use of 
the overlap zone. The probability of joint 
occupation of the same gridsquare was de- 
termined by summing the products of the 
use-intensities for each male within each 

overlapping gridsquare. 
Simultaneous use of the same or adiacent 

gridsquares was employed as an index of 
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interaction (visual or physical contact) 
potential. It was selected because neighbors 
could have seen one another from adjacent 
gridsquares in many cases yet could have 
co-occupied most overlap zones without 
seeing each other. Thus, the distance limit 
below which it was assumed that visual or 
physical contact might have taken place 
was at most 45 m, twice the diagonal of a 
gridsquare. 

The question of whether real boundaries 
existed between adjacent ranges was ap- 
proached by construction of artificial 
boundaries, or reference lines. The refer- 
ence line, based on pooled data for all 
weeks in which both neighbors were radio- 
tracked, was drawn between adjacent grid- 
squares where the greater overall use-inten- 

sity shifted from one neighbor to the other. 
Some gridsquares used more intensively by 
a male were non-contiguous; such squares 
were not included on his side of the line. 
To evaluate the distribution of overlap 
zone use relative to the reference line dur- 
ing each week, I computed the percentage 
of each male's overlap zone use-intensity 
that was confined to his side of the line and 
the percentage of overlapping gridsquares 
on each side of the line that the resident 
used more intensively than the neighbor. 
Distances of transgression across the refer- 
ence line were measured between the cen- 
ters of the gridsquare in which the location 
fell and the nearest gridsquare on the other 
side of the line. 

The male grouse I studied lived in a "/16- 
ha area of dense vegetation, primarily 
speckled alder (Alnus rugosa). At the cen- 
ter of this area, the length of the error 
polygon (which contains the true location, 
if it is assumed that recorded location 
azimuths are within -- 0.50 [Heezen and 
Tester 1967:125]) was 21 m. Error in loca- 
tion data was assumed to be random in both 
time and direction, with a mean consider- 

ably lower than this value. Nevertheless, an 
unknown but presumably small amount of 
the overlap recorded was probably the re- 
sult of azimuth error. 

RESULTS 
Radio-marked males began drumming on 

9 April 1970 and had greatly reduced drum- 

ming activity by 10 June. Thirteen 1-week 
data periods, from 12 March through 10 
June, arbitrarily were defined with 9 April 
as the first day of the fifth week. Sample 
size varied from 449 to 1,427 fixes/bird (T - 

913, n 28 weeks) and was not correlated 
with weekly range size. All radio-marked 
males were "active, site-associated" drum- 
mers (Gullion 1966:718). 

Range Overlap in Space 
Overlap of the ranges of 2 neighboring 

males was recorded in 17 of 23 weeks (Ta- 
ble 1). The overlap zone was found to be 
a single area in all but two instances: weeks 
2 and 4 for males 1620 and 1624. In both 
of these, the zone of overlap consisted of 
two discrete regions. 

The time of drumming onset is apparently 
a period of relatively unstable spatial orga- 
nization within the male population. Size of 
overlap zone (within pairs of neighboring 
males) was largest in week 4, the week 
immediately preceding the onset of drum- 
ming, and next largest in week 5 (Table 1). 
Mean range size of males was also larger 
in weeks 4-5 than in weeks 6-12 (Archibald 
1975:475). 

Size of overlap zone (Table 1) was cor- 
related (P < 0.001) with distance between 
activity centers (r,1 = -0.68) and the mean 
size of the two neighbors' ranges (r,2, = 
0.64). With both variables in a multiple 
regression equation (Y - -0.261 - 6.787 
X1 + 0.617 X.), 84.5 percent of the varia- 
tion in overlap zone size, Y, was accounted 
for (R = 0.92, 

F,,, 
= 54.53, P < 0.001). 

J. Wildl. Manage. 40(4):1976 
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Table 1. Summary of range overlap and use-intensity of overlap zone of neighboring male ruffed grouse (adults, 1620 and 

1622; juveniles, 1624, 1640, and 1641). 

Distance Intensity of use 
Range size between % of range of overlap zone 

(ha) Overlap activity overlapped (%) Mean 
Bird zone centers use-intensity 
no. Week A B (ha) (kmn) A B A B ratioa 

1620 (A) 1 3.13 2.51 0.323 
1622 (B) 2 4.71 3.88 0.18 0.282 3.85 4.67 0.76 10.72 9.64 

3 3.68 4.09 0.346 
4 4.74 3.50 0.88 0.203 18.58 25.18 2.66 23.92 7.37 
5 6.84 3.55 0.83 0.185 12.12 23.36 5.16 6.31 3.35 

1620 (A) 2 4.71 3.88 2.36 0.079 60.67 50.00 64.76 59.74 12.28 
1624 (B) 3 3.68 3.03 1.76 0.045 58.12 47.89 71.40 51.11 17.85 

4 4.74 5.54 3.21 0.042 57.94 67.76 71.72 79.53 9.10 
5 6.84 4.79 2.93 0.066 61.08 42.80 27.95 74.57 5.45 
6 5.31 4.14 2.61 0.060 63.12 49.27 63.18 95.52 14.74 

1624 (A) 2 3.88 3.88 0.270 
1622 (B) 3 3.03 4.09 0.330 

4 5.54 3.50 1.22 0.243 21.96 34.82 7.02 40.29 6.61 
5 4.79 3.55 0.75 0.193 15.68 21.17 6.32 2.98 3.31 

1620 (A) 9 3.73 2.70 0.13 0.150 3.47 4.81 0.81 0.15 4.00 
1640 (B) 10 3.29 2.38 0.02 0.153 0.79 1.09 0.22 0.08 2.75 
1620 (A) 9 3.73 2.20 0.188 
1641 (B) 10 3.29 1.42 0.220 
1640 (A) 9 2.70 2.20 0.70 0.074 25.00 301.59 33.21 46.89 11.18 
1641 (B) 10 2.38 1.42 0.54 0.079 22.83 38.18 36.21 64.17 29.42 

11 2.72 2.07 0.65 0.085 23.81 31.25 35.93 57.72 22.34 
12 3.31 2.90 0.54 0.111 16.41 18.75 42.83 4.83 13.89 
13 4.38 2.80 0.88 0.109 18.93 29.63 16.00 24.85 8.94 

Mean 0.88 0.167 

n Average of the ratio of the greater to lesser use-intensity within each overlapping gridsquare. 

Following the onset of drumming (week 
5), there was close correspondence between 
the locations of males' drumming logs and 
their centers of activity (Archibald 1975). 
From Aubin's (1970:72) data for an area 
with a high density of drumming males in 

Alberta, I computed a mean distance of 
0.085 km (n - 13) between drumming logs, 
or geographic centers of several logs, in ad- 

jacent territories. This average was similar 
to the distances between activity centers for 
the two more closely situated pairs of males 
on my study area (Table 1). 

In most cases male grouse were not 

particularly attracted to nor did they avoid 
the overlap zone as a whole. In 34 cases 
where individuals' ranges overlapped, a sig- 

nificant correlation (r = 0.84, P < 0.001) 
was found between observed (i.e., re- 

corded) intensity of use of the overlap zone 
and that expected on the basis of percentage 
of range overlapped (Table 1). This sug- 
gested that overlapping areas did not con- 
tain important habitat resources unavailable 
to males in the exclusive portions of their 

ranges. Apparently, the presence of one 
male in the overlap zone usually did not 
attract or deter its neighbor from being 
there. Observed and expected simultaneous 
uses of the overlap zone (Table 2) were 

highly correlated (r = 0.95, P < 0.001) as 
well. 

Attraction and avoidance were evident 

upon examination of individual overlapping 

J. Wildl. Manage. 40 (4):1976 
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Table 2. Simultaneous use of the overlap zone by neighboring male ruffed grouse. Observed (i.e., recorded) values are 
percentages of total simultaneous fixes; expected percentages computed from individual intensities of use.a 

Simultaneous use of Simultaneous use of 
No. overlap zone same gridsquare Index of 

Bird simultaneous interaction 
no. Week fixesb Observed Expected Observed Expected potentialc 

1620 4 245 1.22 0.64 0.02 0.41 
1622 5 526 1.90 0.33 0.01 
1620 2 268 30.97 38.69 2.61 0.63 20.52 
1624 3 616 25.49 36.49 0.32 0.23 20.61 

4 414 64.98 57.04 0.97 0.60 8.46 
5 665 23.31 20.84 0.21 1.80 
6 687 61.72 60.35 0.44 0.38 6.12 

1624 4 288 0.35 2.83 0.09 
1622 5 696 0.57 0.74 0.01 0.43 
1640 9 638 10.66 15.57 0.47 0.51 3.29 
1641 10 456 38.82 23.24 0.35 5.48 

11 513 24.76 20.74 0.11 0.58 
12 403 3.97 2.07 0.12 0.25 
13 230 14.35 3.98 0.04 

a Neighbors with largest weekly overlap <0.2 ha arbitrarily not included. 
b Fixes (i.e., radiotracking locations) for 2 neighbors ; 2 minutes apart. 
c Observed simultaneous use of same or adjacent gridsquares. 

gridsquares, however. A strong tendency 
toward differential use of overlapping grid- 
squares by neighbors was indicated by 
mean use-intensity ratios (Table 1). The 

spatial distribution of the relative intensities 
of use of an overlap zone by two adjacent 
males is depicted in Fig. 1. Most of the rela- 

tively equally used gridsquares toward the 

upper left-hand portion of the figure con- 
tained only one or two fixes for each grouse 
and apparently were not important to either 
bird. 

Potential for Interaction 
Values of the index of interaction poten- 

tial showed that neighboring males could 
have displayed in close proximity or fought 
in 11 of 14 cases (Table 2). For males 1620 
and 1624, and 1640 and 1641, there was a 
general trend toward decreasing interaction 

potential with time. If an inverse relation- 

ship is assumed between interaction poten- 
tial and degree of isolation in space and 
time, the trend for these birds also can be 

characterized as one of increasing isolation 
with time. 

For males 1620 and 1624, a relationship 
between reduction of interaction potential 
(Table 2) and the onset of drumming 
(week 5) is suggested. These grouse oc- 

cupied the same or adjacent gridsquares in 
66 and 81 percent of the instances of simul- 
taneous use of overlap zones in weeks 2 
and 3; the corresponding values for weeks 5 
and 6 were only 8 and 10 percent. Potential 
for contact interaction decreased (Table 2) 
and distance between activity centers in- 
creased (Table 1) as these neighbors began 
to interact by drumming from regularly 
used sites (Archibald 1976). The distance 
between their primary drumming logs (Gul- 
lion 1967), about 84 m, prevented visual 
contact. 

The index of interaction potential was 
correlated only moderately with size of 
overlap zone (r = 0.48) and observed si- 
multaneous use of the overlap zone 

(r-= 
0.46, 0.05 < P < 0.1). The lack of strong 
correlations demonstrated the danger in- 

J. Wildl. Manage. 40(4):1976 
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1641o o o 4 

016 KM 
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Fig. 1. Overlap of the ranges of juvenile males 1640 and 
1641, 7-13 May. Circles indicate differential use-intensity of 
overlapping gridsquares: small, < 3:1; medium, 3:1 to 9:1; 
large, 9:1 to 27:1; largest, > 27:1. Squares used more in- 
tensively by 1640 denoted by solid circles; open circles for 
1641. 

herent in basing predictions of interaction 
(i.e., visual or physical contact) on the zone 
of overlap as a whole (e.g., Jorgensen 
1968). 

Distribution of Use-intensity within the 
Overlap Zone 

Several lines of evidence suggested that 
actual boundaries may have existed be- 
tween ranges. First, the numbers of non- 

contiguous gridsquares "conceded" in draw- 

ing the reference lines were: males 1620 and 
1622, 2, 0, respectively; 1620 and 1624, 2, 20; 
1622 and 1624, 2, 2; and 1640 and 1641, 0, 1. 
The fact that, with the exception of male 
1624 in relation to 1620, the overall ranges 
of neighbors were separable with few con- 
ceded gridsquares indicated that actual 
boundaries may have existed. Second, males 

usually restricted most of their use of the 

overlap zone to their side of the reference 
line and used overlapping gridsquares on 

their side more intensively than their neigh- 
bor (Table 3). Instances in which these 
percentages were less than 50 involved both 
few gridsquares (Table 3) and low over- 
lap of zone use-intensity (Table 1). Third, 
mean transgression distances were generally 
near the minimum non-zero value (0.016 
km) for males 1640 and 1641, 1620 and 
1622, and 1622 and 1624 (Table 3). 

Data for males 1620 and 1624 suggested 
the development of a stable spatial relation- 
ship coincident with the onset of drumming. 
Both grouse traveled considerable distances 
across the reference line during weeks 2-4, 
so it seemed that either no boundary existed 
or the observance of a previously defined 
boundary was low. (The drumming logs 
occupied by both grouse were used during 
the previous fall.) In contrast, the relatively 
low mean transgression distances for the 
last two periods suggested that a boundary 
developed with the onset of drumming in 
week 5. Adult male 1620's side of the refer- 
ence line was transgressed less in terms of 
distance and number of squares (Table 3) 
by its juvenile neighbor during the last two 

periods. Could this shift in the location of 
the overlap zone toward the range of 1624 
have been a reflection of an age-related 
dominance relationship? 

Data for males 1640 and 1641 indicated a 

relatively stable spatial relationship (Fig. 
2). Low mean transgression distances (Ta- 
ble 3) suggested that a boundary line or 
narrow boundary zone may have existed. 
However, the higher interaction potentials 
(Table 2) for weeks 9 and 10 suggested that 
the boundary still may have been develop- 
ing. (Neither bird was thought to have been 
established on its recorded range for more 
than 7 or 8 days prior to the start of week 

9.) A trend toward increase in distance be- 
tween activity centers with time was evi- 
dent (Table 1). 

J. Wildl. Manage. 40 (4):1976 
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Table 3. Distribution of use of overlap zone by neighboring male ruffed grouse relative to reference lines (artificial boundaries). 

Own side of reference line 

A B 

% overlap zone % used % used Mean 
use on own side of more more transgression 

reference line No. intensively No. intensively distancea (km) 
Bird Week 0.026-ha than 0.026-ha than 
no. no. A B squares neighbor squares neighbor A B 

1620 (A) 4 94.73 4 100.0 30 76.7 0.050 0.016 
1622 (B) 5 61.62 94.61 9 100.0 23 73.9 0.039 0.016 

1620 (A) 2 71.89 55.42 56 64.3 35 85.7 0.047 0.050 
1624 (B) 3 98.50 76.12 54 70.4 14 92.9 0.016 0.068 

4 84.52 69.45 69 81.2 55 73.6 0.032 0.055 
5 73.81 92.35 48 75.0 65 81.5 0.018 0.019 
6 83.95 94.62 36 94.4 65 78.5 0.031 0.018 

1624 (A) 4 40.88 93.72 7 28.6 40 90.0 0.047 0.018 
1622 (B) 5 21.20 92.62 3 66.7 26 57.7 0.023 0.018 

1640 (A) 9 80.15 78.24 14 78.6 13 92.3 0.023 0.016 
1641 (B) 10 96.76 92.13 9 77.8 12 91.7 0.019 0.016 

11 85.91 94.83 9 88.9 16 68.8 0.019 0.016 
12 96.87 13.66 16 75.0 5 40.0 0.016 0.019 
13 77.31 89.41 21 71.4 13 76.9 0.016 0.037 

a Mean distance beyond reference line of fixes on neighbor's side of line. 

If drumming is important in maintenance 
of stable spatial relationships (Archibald 
1975), then a breakdown in normal spatial 
relations would be expected when a male 
was temporarily prohibited from drumming. 
Rusch and Keith (1971b) observed 11 in- 
stances of an intruding male drumming or 

standing on the log of another male while 

4 ao 0 o. 
i 

0.1 
MLE 

* 
1640s 

USE ALWAYS GREATER QT EXCLUSIVE USE BY 1640 
S= 164's USE ALWAYS GREATER 5 EXCLUSIVE USE BY 1641 

GREATER USE BY 
EACH IN 2 IWEEK 

Fig, 2. Overlap of the ranges of juvenile males 1640 and 
1641 during 5 weeks, 7 May-10 June. 

the latter was in a mirror trap and, in all 
cases, found that the captured male reoc- 

cupied its log after release. 

Effects of Neighbor Removal 
The losses of males 1622 and 1624 pro- 

vided two natural removal experiments. 
Following 1622's death (avian predator 
kill) on 16 April, no evidence was found of 
increased use of its former range by 1620 or 
1624 (Table 4). Through 28 April, no fresh 

droppings were found on either of the 

drumming logs 1622 was known to have 
used, and no drumming was heard in the 
area. On 30 April (day 1 of week 8), how- 
ever, birds were observed drumming on 
both logs. Several days later, two unmarked 

juveniles were mirror-trapped: 1640 on 
1622's primary log and 1641 on the alternate 

log. Both of these birds could have been in 
the area prior to week 8, but, if so, they 
were not then "active, site-associated" drum- 
mers (Gullion 1966:718). Male 1640 re- 
placed 1622 (Fig. 3). The replacement was 
not complete, but it clearly included the 
more intensively used portions of 1622's 
range. In week 5, 1622's use-intensity of the 

J. Wildl. Manage. 40(4):1976 
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Table 4. Reference line transgression by surviving neighbors 
before and after mortality of adjacent male ruffed grouse. 

Transgression Mean transgression 
Bird intensitya distance 
no. Week (%) (km) 

1620 1 6.19 0.095b 
1622 2 0.89 0.027 

3 
4 2.66 0.050 
5 2.16 0.039 
6e 3.15 0.021 
7 1.79 0.021 
8 2.92 0.019 

1624 2 0.26 0.016 
1622 3 

4 4.15 0.047 
5 5.61 0.023 
6e 1.33 0.016 

1620 2 19.59 0.047 
1624 3 3.03 0.016 

4 12.19 0.032 
5 7.60 0.032 
6 12.50 0.031 
7d 8.54 0.026 
8 18.66 0.026 
9 18.59: 0.032 

10 24.81 0.039 
a Use-intensity of area on neighbor's side of reference line. 
b Transgression consisted of one night's roost in an area 

not known to be used by 1622 until week 2. 
e Death of 1822 occurred on first day of week 6. 
d Death of 1624 occurred in middle of week 7. 

area also occupied by 1640 in week 9 (un- 
shaded area in Fig. 3) was 89.9 percent. 

There was no evidence of a replacement 
for male 1624, but his removal did affect 
the movement pattern of 1620, his nearest 
known neighbor. Compared with weeks 5-6, 
1620's use of 1624's side of the reference 
line in weeks 8-10 involved less area. How- 
ever, 1620 moved across the line consider- 
ably more often and to a slightly greater 
average distance following 1624's death 

(Table 4). The increase in transgression in- 

tensity suggested that 1620 either avoided 
or was excluded from at least part of the 
area on 1624's side of the line prior to the 
latter's removal. Between weeks 5-7 and 
weeks 8-10, the increase in transgression 
intensity (217 percent) was nearly the 

1640 

_ 

00.1 MILE (la= 
OCCUPIED BY 1622 

= OCCUPIED BY 1640 

E = OCCUPIED BY BOTH 

Fig. 3. Overlap of the week 5 (9-15 Apr) range of adult 
male 1622 with the week 9 (7-13 May) range of juvenile male 
1640. 

same as the increase in 1620's intensity of 
use of the 0.11-ha area immediately sur- 

rounding 1624's drumming log (222 per- 
cent). Therefore, 1620 was not particularly 
attracted to 1624's drumming site following 
his death. 

DISCUSSION 

My results suggest that establishment of 
territorial boundaries usually occurs during 
a relatively brief period just prior to the 
onset of spring drumming. The apparent 
effect of the boundary is restriction of the 
movements of each male in the direction of 
his neighbor's range. Boundary lines or nar- 
row zones apparently are established only at 

junctions between adjacent ranges. Thus, 
the defended area can be delineated only 
when a male has neighbors on all sides. 

Ranges of male grouse, however, often are 
bounded on some sides by non-preferred 
habitat (Gullion 1967:105, Aubin 1972: 
1126, Rusch and Keith 1971a:418). Since 
this was so in all cases in my study, I could 
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not estimate territory size. Male spruce 
grouse (Canachites canadensis) establish 
territorial boundary lines only in areas of 
interaction, during a brief period of inten- 
sive threat display (MacDonald 1968). 

Establishment of territorial boundaries 
enables (1) a shift from intimidation and 
threat behavior to a display-drumming- 
with a higher benefit-cost ratio, (2) in- 
creased isolation from neighboring terri- 
torial males, and, yet, (3) proximity to ad- 
jacent territory occupants. I shall consider 
some possible advantages of each of these 

aspects in turn. 
Establishment of territorial boundaries 

provides a reduction in intimidation, threat, 
and, possibly, fighting. If such behavior 
were prolonged, the probability of both in- 

jury and predation would be increased and 

opportunities to mate reduced. In contrast, 
drumming serves to warn and repel intrud- 

ing males (Aubin 1970:45, Gullion 1970) 
as well as to attract females (Brander 1967). 
And, notwithstanding repeated production 
of the drumming sound, a male ruffed 

grouse is essentially invulnerable to preda- 
tion while on its drumming log (Meslow 
1966, Gullion and Marshall 1968). 

Isolation from neighbors permits a terri- 
torial male to spend a greater proportion of 
his time at his "predator-proof" drumming 
log, to maintain a high level of advertise- 
ment and, thus, to enhance his probability 
of mating. Fowle (1953) and others have 
suggested that isolation also serves to re- 
duce interference during courtship and cop- 
ulation. Among forest-dwelling grouse, 
males of promiscuous species tend to dis- 
play within sound but not sight of one 
another (Hjorth 1970). In habitats of re- 
stricted visibility, any greater degree of con- 

gregation may have the disadvantage of in- 
creased risk of predation (Wiley 1974). In 
ruffed grouse, perhaps isolation of neigh- 
bors arises in part merely from limitations 

in the availability of suitable drumming 
sites. 

Proximity to other territorial males prob- 
ably provides greater efficiency in stimulat- 

ing and attracting females. Neighboring 
male grouse rarely drum simultaneously 
(Aubin 1972). The effect of several nearby 
birds drumming alternately is an increased 
number of drums/time audible in the area. 
This effect is likely to be synergistic, for 
the drumming sound of one male has been 
found to have a stimulating effect on his 

neighbors' drumming activity (Gullion 
1966, Sumanik 1966, Aubin 1972). 

Gullion (1967) and Aubin (1972) found 
that the spatial distribution of ruffed grouse 
territories tends to be clumped, but Rusch 
and Keith (1971a) found no evidence of 

aggregation of drumming males. Perhaps a 
clustered arrangement of territories could 
be a reflection of an evolutionary compro- 
mise between two antagonistic factors, viz., 
isolation from and proximity to adjacent 
males. On the other hand, aggregation of 
territories, or the lack thereof, could result 
from vegetation distribution or topography. 

The significance of fall territorial behav- 
ior and the role of nonterritorial males re- 
main uncertain. Although less drumming is 
heard in the fall, attendance of drumming 
logs by adult males is nearly as common 
then as it is in the spring (Gullion 1967). At 
least a few juvenile males become estab- 
lished on drumming logs in their first fall 
(Gullion 1967), but whether the remainder 
of their cohort is prevented from doing so 
by the territorial behavior of adults is not 
clear. Nonterritorial male ruffed grouse may 
be prevented from occupying optimum hab- 
itat with a consequent reduction in survival 
over winter (Gullion 1970). In spring, non- 
territorial males averaged 26 percent (range 
22-36) of the total male population in Al- 
berta during 1966-73 (Doerr et al., unpub- 
lished data, in Fischer and Keith 1974:595). 
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When drumming males are removed ex- 
perimentally, most or all reoccupants in the 
same season are juveniles, but a majority of 
vacated territories is not reoccupied until at 
least the following spring (Dorney and 
Kabat 1960, Sumanik 1966, Fischer and 
Keith 1974). Although the prior status of 

reoccupants is uncertain (e.g., males 1640 
and 1641 in my study), presumably nearly 
all come from the nonterritorial class. If so, 
then it follows that these "surplus" males 
had been prevented previously from hold- 

ing territory and, thus, probably from par- 
ticipating in mating as well. There is no 
evidence, however, of limitation of repro- 
duction by territorial behavior in this spe- 
cies. 
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