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Abstract
Survival and behavior of male blue grouse (Dendragapus
obs&uﬁus fuljgfnosus) and their use of territories were
exémihed in two populations in éoasﬁal British Columbia.
Resﬁlfs were interp}etéd in relation to the role of these
Jariables in determlnzng den51t1es of breeding males.
Data from a long-term study on Vancouver Island

LF

1nd1cated that tﬁ@?year old and older males had an average
4 [\ el

annual~mortalitx»rat¢ Qf.28%,«and at two years of age
flife—ékpecfancy‘was'3.1.years. At least 22% of two-year-old
‘males were'nqnﬁterritdrialr(i.e., delayeé breeding) and
these birds survived as w¢llvas‘males that tqpk térritories.
Of'non—terrifo;iai males that survived, 40-45% subsequently
obtained high duality terfitorial sites. Non-territorial
adult males were present in a population on Hardw1ck;L‘sland
and they also surv1ved as well as territorial birds. These
results are con51stent with the hypothesis that it is
advantageous to deiay breeding 1if high guality territorial
sites cannot be obtained.

Tén terfitorial malés were radio-tagged on Hardwicke
~Island and;their mo;ements-mo;itored throughout sprjng and
summer, 1981. Males concentrated their movements within or
near.the activity centers of their territories during the
main'pefiod‘of b;eeding. Following pgék breeding larger
| areaénheré Qsed..Territory size was not related to relative
aggféssivehéﬁs of residents, as determined by playback ¢

experiments, but was inversely related to the amount of time

iv



they spent hooti%g (Singihg).

#ﬂ// ﬁelatiVe aggressiveness of residents was not related to
the guality of territorial site occupied, suggesting that
aggressiveness may not be a factor determining the gquality
of territorial site that is obtained; experience and
behavior as a yearling may be more ¥mportant. In one of two
years, Qfles occupying high quality sites hooted more and
had moré females sighted near them than those on poorer
areas. Incidence of hooting, therefore, may affect a male's
success 1n attracting females.

Habitat charactefistics were coﬁpared between areas

used and pot used for territories, “and between high and low

~
-~

gquality sites. Males appeared to distinguish between sites
that were and were not sultable for territories primarily on
the basis of topography. However, when selecting among
territorial sites for high guality areas, both topographic
' ¢

and vegetative characteristics seemed important. Preferences
were related most to relative height of, amount and
dispersion of cover, and vf%ibility within, ag%ivity
centers.

.Habitat chéracter@sti;s of territorial sites used by an

RS-

interior race of blue grouse, D. o. pallidus, were
L

relatively similar to’those of D. o. fuliginosus. However,
_ o~
vegetative features may be more important in territorial ‘
site éelection.in_inﬁerior races than in éoastal races.
Overall, a combination of differences in behaviodor and

movement patterns of yearlings and territorial behavior by



adults, which resukiihin some males delaying breeding,

1 -
appears to be the mechanism through which densities of

‘breeding males are regulated. However, the factor that

¢ N

ultimately sets limits to theilr numbers is not S weiﬂ
understood. Habitat does not appear to directly limit ol

densities of breedgng males. However, 1f numbqf%'of breeding
males are related’ to those of females, habitat may limit/
them indirectly through 1ts effect”on females. A\removal
experiment demonstrated that density and breeding success of
females were not affected by numbers of males. The converse

experiment, which would test for the effect of female

numbers on males, has no(A?gen conducted.

vi \\
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Introduction

Territorial behavior may regulate densities of breeders
in many species (e.g., Orians 1961, Tompa 1962, Carrick
\§96§, krebs 1971, Zimmerman 1971), but until récently this
was no% considered true for male blue grouse kDendPagapus

)
obscurus fuliginosus) (Bendell and Elliott 1967, Zwickel
1972). This conclusion was based on the belief that all
adult males took territories. Current research has shown
this to be erroneous (Lewis and Zwickel 1980, Jamieson and
Zwickel 1983), “.ever, as some males apparently foregb
attempts at breeding 1f they cannot obtain high quality
territorial sites. However, we do not know what determines
whith males acquire the best territorial sites, or the fate
of birds that delay breeding. As well/ we know little about
habitat differences that give rise to differences in quality
among territorial sites (Lewils 1981). My objective was to
study aspects of territoriality in'males that might help
answer these gquestions. Ultimately the goal was to improve
our understanding of how densities of breeding males are
determined. I present my results in 5 papers and 2
appendices:
1. Survival and delayed breeding in male blue grouse.
2. Use of space by territorial male blue grouse.
3. Behavior of male blue grouse and its relation to quality
of territory occupied and attractlion of females.

4. Density, movements, and breeding success of females 1n

an area of reduced male density.



5. Habitat preferences of territorial male blue grouse.

" Appendix I: Further evidence of non-territorial adult male
blue grouse.

Appendix I1: Territorial sites of pallid blue grouse,
Dendragapus obscurus pallidus.

In the first papéf j examine and compare survival of
territorial and non-territorial individuals, and document
the fate of males that delay breeding. I examine the use of
space by territorial males jn paper 2, and in paper 3, I
compare aggressiveness and incidence of hooting (singing) of
males on high and low quality territorial sites. In the v
latter paper, 1 examine behavior of males in relation to
qualib§<?f territorial sites occupied and attraction of
females' As part of my study, I classified territorial sites
as to quality by removing territorial and subsequent
replacement males (Lewis and Zwickel 1980). This enabled me
to address the question of how densities of males affect

~N \
densities and breeding sdccess Qf females, and these results
are presented in paper 4. In paper 5, I compare habitat
characteristics of territorial sites to areas not used for
territories, and within areas used for territories, between.
those that were preferred and non-preferred. Differences are
interpreﬁed in relation to how they might affect survival
and breeding success of residents.

Information on presence and survival of non-territorial

adults was from long-term studies on Vancouver Island

whereas most of my current field studies were carried out on



Hardwicke Island, British Columbia during 13880-1982. I
document the occurrence and fate of non-territorial adults
in the latter population in Appendix I. Appendix II
describes territorial sites of pallid blue grouse (D. oO.
pallidus) in north-central Washington State. This subspecies:
occupies habitats that are vastly different from those
‘ oécupied by D. o. fuliginosus in coastal British Columbia:
Though not directly related to the guestion of population
regulation, this informgtion is relevant to the overall
problem of territorial site selection in Hlue grouse.
General theories on how densities of bgeeding animals
are determined.are presented in a concluding discussion. I

then integrate my results with those of other studies on

blue grouse and consider them in relation to these theories.
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Paper 1: Survival and delayed breeding in male blue grouse!
RS
)
~Abstract
We present an analysis of survivalvof male blue g&gﬁ%e
(Dendragapus obscsr'us) using known-aged individu'zalé\and
examine the results in terms of the evolution of delayed
breeding. Males had low rates of mortality and, among
two-year-olds, mortality rates of territorial and )
non-territorial birds were the same. Up to six years of age,
males had life expectanc;es of at least two years. Males
that postponed breeding and survived had a 40-45% chance of
eventually obtaining a high quality site for a territory. If
males had not delayed breeding they likely would have had to
settle on areas where opportunities for breeding appear to
be low. Thus, survival patterns of males are consistent with

the hypothesis that it 1s advantageous for some males to

delay breeding if high quality sites cannot be obtained.

lco-authored with F. C. Zwickel.
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Introductiph
4

Blue grouse have a ﬁétingrsystem in which males are
territorial and promiscuous (Bj%dell and Elliott 1967, Wiley
1974a). Most yearling and some adult males are
non-territogial (Wiley 1974a, Wittenberger 1978, Lewis and
Zwickel 1980). In stﬁﬁies on Vancouver Islaﬁd these males
were caonsidered to be delaying breeding as they were
physiologically able to reproduce (Hannon et al. 1979)}yet
did not take territories even though vacant territorial
sites always were present (Lewis and Zwickel 1981);
occupéncy of a territory is considered prereqguisite for
breeding. However, the space that was available was of low
quality. Males that occupied low quality areas survived less
well and had fewer opportunities to encounter females than
those on high quﬁlity sites. Thus, we postulated that
yearlings and Soée adults that areémnéble to obtain high
quality sites gain more, in the long term, if they delayed
breeding than 1if they took territories on poorer areas. A
removal experiment demonstrated that non-territorial adults
and at least some yearlingsbwill occupy prime sites 1f they
are available (Lewis and Zwickel 1980).

For a stem of delayed breeding to evolve, individuals
that do so ul imately must produce as many offspring as
those that attempt to breed at an earlier age (Selander
1965). Wiley (1974b) demonstrated that this can occur if
early survival and (or) later fecundity are enhanced by not

attempting to breed at the earliest possible time. To

)



evaluate properly whether or not delayed breeding is
selectively advantageous, however, the -ovérall reproductive o
success of an individual would have to be compared to 1its
success 1if 1t had not postponed breeding. Since this ig
impossible, indirect evidence must be used to explain the
evolution of delayed breeding.

Although we have suggested that it is advantageous for
yearlinés and some adult; to delay breeding if they are
unable to obtain high guality sites for %erritories, this
explanation 1s not complete until other guestions also are
answered. First, one must demonstrate that some, 1f not
most, mades that delay breeding survive and second, that
some of these birds obtain high guality sites. As well, in s
our earlier examination of male survival, we only considered
average survival (Lewis and iwdckel 1981). The relative
magnitude of mortality in different age classes also is
relevant to explanations for deléyed breeding. For example,
delayed breeding would be more likely to evolve in species
that have low mortality throughout théir life than in
‘species that suffer high early mortality but survive well in
later(years. .

Here we examine these guestions through an analysis of
territorial occupancy and survival ofkknown—aged males, and

discuss the results in relation to the evolution of delayed

breeding.
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Study area and methods

Comox Burn, on the east slope of Vancouver Island, was _
used as the study area. It has been described in detail by
Zwickel and Bendell (1967, 1972) and Zwickel (1977). Blue
grouse were studied intensively from late March or early
April to late August each year from 1969 to 1978 and from
early April to 31 May in 1979. Some grouse also were banded
in 1968 and a partial census was conducted in 1980.{%

Two methods were used to mark individuals: 1) ;%all
numbered metal tags were attached to the patagium of
juveniles too gmall to hold leg bands, and 2) unigue
combinations of metal and colored plastic leg bands were
placed on larger juveniles and older birds. Thus, exact ages
of birds marked as juveniles or yearlings (Braun 1971) were
known. The fates of marked individuals were detefmined using
field techniques outlined by Zwickel and Bendell (1967) and
Lewis and Zwickel {(1981).

l Although adult males tend to establish territories in
areas they occupied as yearlings (Sopuck 1979), some,
yearling males seeh on Comox Burn subsequently could have
taken territories off the study area. Most areas immediately
surrounding Comox Burn were censused but not as intensiveiy
as the main study area. Thus, accurate estimates for
survival of yearling males cannot bg éalculated using data
provided ‘by this study. Bnce males take territories,

however, they usually return to the same one, year after

year until death (Lewis and Zwickel 1981). Hence, age at
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{
dying for territorial males was determined by observing when
they disappeared. ’

We constructed a composite life table (Hickey 1952) for
known-aged males that were two-years-old and older..Only
males that were Eearlings prior to 1976 were included in
this analysis as some that were identified after 1975 were
still alive in 1980 and their lifespans could not be
determined. Average adult survival, as feported here, is ’
slightly underestimated, however, because three long-lived
males that were alive in 1980 and 10 males that were shot in

a removal experiment in® 1978 and -1979 (Lewis and Zu ~kel

1980) were included in the analysis.

Results

From 1968 to 1975, 141 yearling males were identified
on Comox‘Burn. Séventy-eight (55%) were later seen as
adults, 70 on Comox Burn. Three that were marked as
juveniles, but not seen as yearlings, settled on the study
area as adults, giving a total of 73 known-aged adults.

Sixteen of the adults (22%) did not take territories as g
two-year-olds. One was kilied when recaptured and 12 of | |
thbse remaining (80%) su;vived at léast one more year. Ofr
these, 11 took territori;;\and the other was shot 'in the
removal experiment as a "surplus" four-year-old. FiQQ of the
non-territé}ial two-year-olds (45%) subsequently ‘acquired
high quality sites for territories and six (55%) settled on

ri

low quality sites. ‘ . s
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Age-specific mortality rates of adults were all less
than 30% up to four years of age, and up to six years of
age, males had life expectancies of fwo years or more (Table
1). The weighted average mortality rate for adults was 28%
and at two years of age males had a life expectancy of 3.1
years (see Botkin and Miller (1974) for equaiions to
estimate average mortality rates and average life
expectancies). The oidest male represented in the life table
died at 10 years of age,vbut this 1s notithe longest males
have been known to survive. One individu;l, banded as an
adult, lived to at least 13 years ofvage.

The average age of males that died naturally was 4.3
years whereas the average age of those shot by us or still
alive in 1980 was 6.4 yeérs. Therefore, the overestimation
of mortality rates that results from inclusion of these
males in the analysis falls mostly in the older ége classes.
?Ecause of this we cannot compare age-specific mortality
rates of 0ld and young adults. However, this doés not affect
the conclusion that young adults survive gell and have
relatively long life expectancies.

Elsewhere, we presented data sthing‘Ehat males
occupying persistent sites lived significantly longer, on
average,'thén those on transient sites (equivalent,té high
and (30w quality sites, fespectively (Lewis and Zwickel
1981)). Though sample sizes were small, life tables for

males on the two types of site showed that individuals

acquiring persistent sites had longer life expectancies in
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all age classes than individuals taking territories on
transient sites (Table 2). Weighted mean an?ual ﬁortality
rates for males on persistén~ and transient sites were 25%
and 33%, and average life expectancies after two years of

age were 3.5 and 2.5 years, respectively.

Discussion
A minimum of 55% of our yearling males survived and

returned as adults. Zwickel and Bendell (1967) estimated

»
O

that yearling males have a surinal rate of 70%-
Non-territorial, two-year-old males‘had a mortality rate of
20% (3/15), similar fo that of two-year-olds that were
territorial (16%, 9/58, p > 0.50). Thus, males, both ‘ ‘ |
yearling and adult, that did not take territories had a high
probabiiity of surviving. In contrast, non—territorialqred
grouse (Lagopus lagopus scoticus) are reported to have very
high mortality rates (Watson 1964). |

Sinqe yearliﬁg males rarely take territories, we cannot
determine what their mogéality rate would be if they did. If
being territorial reduces a Yearling's chance of surviving,
that also would be a factor selecting for delayed bréeding L]
in males in this age class.

Since almost ali high quality sites are occupied each
year (Lewis and Zwickel 1981), almost all males that ¢
postponed breeding would have had té select low quaiity ”

‘sites had they taken territories. However, if it is-

advantageous for males to delay breeding if they do not
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dcquire high guality sites, individuals that do so must have
some chance of subseqguently obtaining one of these areas.
Forty percent of the yearlings that eventually acquired
territories as adults (25/59, excluding those that changed
territories from one year to the next) and 45% of the
non-territorial two—year~olds later obtained high guality
sites. Thus, almost half of the males that delayed breeding
eventually were successful 1n obtaining hiéh quality areas.

Two-year-old ﬁales had an average life expectancy of
3.1 years. Therefore, yearlings that survived still had, on
average, three years in which to attempt to reproduce. Males
up to the age of six years had life expectancies of two
years or more. Thus, on average, young adults that delayed
breeding would have the opportunity to try and breed in at
least one future year.

Twenty-two percent of known two year-old adults were
non-territorial. Clearly only a portion of the males from
this age class delay breeding while the rest take

.

territories, some on transient ;ites. Decreasing life
expectancies with age are lﬁiéf; involved with 1t being
advantageous for adults to use poorer areas for territories
if the best sites are not available. However, 1t remalns to
be explained why some two-year-olds do not take territories
whereas others settle on transient sites. Perhaps males in
this age class that do not obtain persistent sites

initially, are equally successful by either settling on

transient sites or by delaying breeding and obtaining a



persistent site at a later date.

In summary, results from this study show that males
that delayed breeding suffered low mortality, and that about
half of those that survived eventually acqufied high quality
sites for territories. Further, malgs that postponed
breeding and later took territories had, on average, one to
three years in which to reproduce. These results provide
additional support for our hypothesis that yearlings and
some adults gain more by delaying breeding than by selecting
transient sites for territorées if high guality sites are
unavallable. A more complete explanation for the evolution
of delayed breeding in male blug grouse cannot be achieved

until we can determine the relative frequencies with which

males that occupy high and low guality sites breed.
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Table 1. Life table for males, two-years-old and older,

that were yearlings on Comox Burn between

1968 and

Life
expectancy

(years)

e e o e e e e e e e e

1975.

Number

Age alive
2 73
3 61
4 46
5 33
6 21
7 13
8 11
9 5

15

13

12

25
28
36
38
15
56
60

100
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Table 2. Life tables for males that had territories on
persistent and transient sites on Comox Burn and that
were yearlings bétween 1968 and 1975. Males that
changed the location of their territories f;om one

year to the next are not included.

No. No. % Life No. No. % Life

Age alive dying dying expect. alive_dying dying expect.

(vears) ‘ (years)

2 24 3 13 3.5 35 5 14 2.5
3 21 4 19 2.9 30 11 37 1.8
4 17 4 24 2.4 19 8 42 1.6
5 13 5 39 2.0 11 5 46 1.4
6 8 3 38 2.0 6 4 67 1.2
7 5 1 20 1.9 2 0 0 1.5
8 4 2 50 1.3 2 2 100 0.5
9 2 i 50 1.0

10 1 1 100 0.5
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Paper 2: Use of space by territorial male blue grouse

Introduction

The social system and breeding behavior of blue grouse
(Dendragapus obscurus) have been studied in several areas of
coastal British Columbia with an emphasls on determining how
these relate to the regqulation of breeding densitiég“(e:g.,
Bendell and Elliott 1967, Mossdp 1971,q2wickel 1972, Bendell
et al. 1972, Bergerua and Hemus 1975, Zwickel 1980). In ‘
Short, adult males estéblish territories on breeding ranges
in spring and from there advertise their presence to
conspecifics by hooting (singing) (Bendell and Elliott 1967,
McNicholl 1978). The mating system is considered promiscuous
(Wiley 1974) with females not associating with males except,
presumably, to breed.

e

Territories serve primarily as areas for display and
mating, although feeding and other activities also occur
there (Bgndell-and Elliott 1967, McNicholl 1978). Males
spend much of their time hooting during the breeding season,
usually from a few specific places wiéhin the territory; the
area that encompasses these locations being the activity
center (McNicholl 1978, Lewis and 2Zwickel 1981) of the
territory. Following the breeding season, hooting declines
(McNicholl 1978) and males migrate to winter ranges (Bendell
and Elliott 1967). °

In previous studies territorial males were found either

by observers searching alone or with pointing dogs. With

19
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these methods hooting malés are easier to find than silent
males and there 1is a¢bias towards finding them within
activity centers. I overcame this bilas by radio-tagging
territorial males and monitoring their movements throughout
spring and summer. Thus, I was able to address questions
fundamental to interpretations of the function of
territories for male blue érouse. Specific questions that I
asked were: 1) do.territorial males remain within activity
centers during peak breeding when not hooting?, 2) do
territorial males use the same areas after peak breeding as
they used during peak breeding?, and 3) what portion of é.
male's spring and summer home range should be consiaered his
territory? Additionally, I determined the amount of time
spent hooting by radio-tagged males, and assessed their
relative aggressiveness by conducting playback ekperiments;
differences among leés in these behaviors may relate to

differences in sizgs of areas occupied (e.g., Watson and

Miller 1971, Falls 1978).

Study area and methods

This study was conducted in 1981 on Hardwicke Island
(77 sq km), which is situated between Vancouver Island and
mainland Britiéh Columbia, approximately 80 km NW of
Campbell River. This island is in the coastal western
hemiock (Tsuga heterophylla) biogeoclimatic zone (Krajina
1965). My study area was approximately 56 ha in size and

ranged in elevation from 330 to 500 m. The area had been
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logged recently and vegetation structure was "very open” to
"open" (Bendell and Elliott 1967). Ground cover consisted
primarily of burned or unburned slash, mixed grasses,
fireweed (Epilobium angustifolium),»and thickets of smgll
trees, principally western hemlock and Douglas fir |
(Pseudotsuga menziesii 5\.

From 8 to 16 April, 10 adult males were captured with
snare poles (Zwickel and Bendell 1967) and equipped with
radio transmitters using a harness attachment (Herzog 1979).
One male was killed by a predator one week after beilng
radio-tagged so on 24 April the transmitter was placed on
another bird. Transmitters~yeighed 30+ gms (less than 2.5%
of a bird's weight), had a potential range of up to 3 km,
and were applied only to males that had been hooting before
capture or that had been seen as adults in former years
(i.e., were considered to be territorial). Territorial males
were found easily because oR.their hooting and most (10/15)
on my study area were radio-tagged (Figure 1).

Radio-tagged birds were located with a receiver and
hand-held yagi antenna, and their exact locations determined

3 -
by taking a compass bearing and pacing to known reference
points. Radio-tracking was conducted at least every three
days, usually more often. Each day birds were tracked, an
attempt was made to find all of them. Males were found
relatively equally except for one with a faulty transmitter

(no. 677) and two that were killed by predators (nos. 668

and 770, Table 1). Sightings by worigrs searching this area
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as part of a larger study increased the number of
observations of radio-tagged males, but only to a small

extent (6.8% of

total observations). I monitored these birds
until late August, by which time all had left their

territories. ) ‘
R i f

Below I refer to the area used by a male as an "area of
occupancy” rather than as a territory. I do this because
size of area used was examined for different time periods
withlin the time males were territorial.

I examined and compared areas of occupancy from 8 April
to 20 May, and from 21 May to 16 June. The first period
included the time from radio-tagging of the first male until
the end of peak breeding (F. C. Zwickel unpubl. data); the
second wa; from the end of peak breéding to the date when
the first male abandoned his territory. Although some
breeding did occur after 20 May (7.3%), for simplicity I
refer to these as the "breeding” and "post-breeding"”
periods, respectively. A third estimate of size of area
occupied was for the time from radio-tagging until
territories were abandoned. Comparisons among males for the
total area used during this time are not completely standard

) ?
since individual males abandoned territories on different
dates.

Maximum areas used during these periods were delineated
by connecting outermost points of observation with a
straight line (Odum and Kuenzler 1955, Bendell and Elliott
1967). I also used a modified minimum area method (Harvey

o

)
%
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and Barbour 1965) to determine areas of occupancy but |
because results were similar I include only the former here.
Activity centers were delineated by connecting outermost
locations at which males were seen'hooting.

Playback experiments were used to assess each male's
"aggressiveness”, or tendency to attack (Watson and Parr
1981). In each experiment, I placed a loudspeaker and mount
+of a male blue grouse in display posture 10 m from a
territorial male and hid 10 m further away. After 10
minutes, 1 played a tape recording of another male's hooting
for 10 minutes and noted all responses by the experimental
male during that time. The same tape recording and mount
were @sed for all experiments and none of the males had
prior experience with either. All experiments were conducted
after 20:00 from 11 to 20 May and in all but two, the males
were hooting immediately before the experiment. I conducted
only one experiment on each male as similar tests elsewhere
on Hardwicke Island indicated that territorial males
habituate rapidly to such playbacks (Lewis 1984a).

Pearson's product moment correlation coefficient or
Spearman's rho was calculated to tést for correlations

between variables. Significance was accepted at the 0.05

probability level.
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Results P

All radio-tagged males except one were heard hooting
and some were seen diéplaying to females or other'males.
Thus, radio-packages apparently did not disrupt singing or
display behavior. Although one male was not heard hooting, I
considered him to be territorial because his movemehts were
localized compared to those of non-territorial males (Sopuck
1979, Jamieson 1983). Also, I may have missed hearing this
male hoot because mogz radio-tracking was done between 9:00

and 17:00, when incidence of hooting is low (McNicholl

1978).

Size of areas occupied
During the breeding period, males occupied areas that
-d in size from 0.26 to 0.93 ha, and averaged 0.63 ha
:iable 1). Sixty-four per cent (117/172) 5f the sightings
‘f;ere within activity centers, and activity centers comprised
an average of 44% of the area used during this period.
Areas occupied during the post-breeding period ?vefaged

1.07 ha in size, an increase of 71% over the peak breeding
period (Table 1). The difference is significant if the two
males killed by predators are excluded (paired t-test, t =

3, p = 0.03). Forty-one percent (70/173) of the sightings
¢o. ained during the pqst—breeaing period%were within
activity centers, and 57% (99/173) were én areas used

earlier. On average, 76% of areas occupied during the

P~ ding period were used in the post-breeding period. Total
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areas used during both periods averaged 1.43 ha.

The larger areas used after peak breeding did not
include a corresponding enlargement of activity centers;
afeas within which males wére observed hooting increased
only 7.1% when observations from the post-breeding period
were added to‘earlier sightings.

Size of area occupied was not correlated with the
number of sightings for each male in either period/(breeding
period: Spearmans's rho = 0.120, p > 0.50; post—br@g&ing
period: Spearman's rho = 0.177, p > 0.50). Males were found
a similar number of times in both periods (Table 1) so the
increase in size of area used after peaK breeding did not
result from a greater number of observations during that
time.

Areas occupied during the entire time from
radio-tagging until moving to new areas after the breeding
season averaged 1.9 ha (Table 2). Only three instances of
overlapping use of thé same area Sy adjacent males occurred,
with areas of overlap averaging 7.1% of the total area

occupied by these males (Figure 1). There was no overlap

among activity centers.

Abandonment of territories
Exact dates of departure from territories were known
for four males and the others were estimated as the date
~

midway between the last day/;éen on territory and the first

day seen elsewhere (aveféggztimeabetween these datés was
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1.75 days). The first and laét males to adandon territories
did so on 17-18 June and 11 Augusé, respectively, and othess
left at regular intervals between these dates (Table 2). |
Abandonment involved quick and direct moves to new areas,
usually within two days or 1éss} Three males moved to dense
coniferous forest, typical of winter range, and the other
five moved to new areas on the breeding range. The latter
males again restricted.their movements but did not behave
territorially (i.e., Qere not observed to hoot or displaY)f
One later moved into dense conifers whereas the other four
were still on summer range when radio-tracking was
terminated in late August. |

It was readily apparent when territories had been
abandoned because long distance movements or movementé to
different habitats were involved. However, prior to
abandoning territories seven sightings were obtained which I
considered to be atypical (7/440,5?.6%). Four of these |
involved movements in which males had crossed the
territories of other males, the other-three were instances
in which males were found in areas that were far from their
usual areas of occupancy and that were uncharacteristic of
areas in which territorial males usually werevfound dﬁring
this time. In all cases, the males were back on ghefr usual

r'd

area of occupancy when next found. Such sightings may have -
resulted from males being chased by predatofswof from
chasing conspecifics. I did not include these sightings in

computations of areas of occupancy.



27

qugPESSiVG‘ﬂeSS and size of area occupied

Two males did not respond to the playback experiment
and one approached and vigorously attacked the male mount.
Responses by the others consisted of approaching to within
varying distances of the speaker and mount, and in some
cases uttering aggressive "growls" (Stirling and Bendell
1970). 1 assigned each male a score between zero ana eight,

with higher scores representing greater tendencies to

‘approach and/or attack the male model; scores were based on

closeness of approach, tdme spent near the mount, and
response (vocalizations and attack) to the mount. No
individuals received the same score except for the two that
did not respond (Table 3), these being the two that were not
hooting before the experiment. Since the tendency to attack
may have been affected by whether or not an %ndividual was
hooting I made comparisons with and without the inclusion of
these males.

The size of area males occupied during the peak
breeding period was not related to thi%.relative
aggressiveness, as measured from playbaAK experiments,
except when the two males that were not hooting prior to the
experiments were exc¢luded (Spearman's rho = 0.786, 0.02 < p
< 0.05). As well, in neither case was relative
aggressiveness significantly correlated wiéh size of area‘
used during the post-breeding period, the combined breeding
and post-b;eeding periods, or the tot?l time from

-~

radio-tagging until abandoning territories. Time of
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territorial abandonment and relative agqressiveness also

were not correlated.

T'ime spent hooting and size of area occupied

Sightings by workers who were not radio-tracking were
not included when determining percent of observations for
which males were hooting because those workers were more
likely to find hooting than non-hooting males. Although
incidence of hooting varies throughout the day and
seasonally (McNicholl 1978), that probably did not affect my
results .because: 1) males were found with relatively egual
frequency up to 16 June, and 2) 92.8% of the sightingé to
this time were obtained between 09:00 and 18:00, when hourly
hooting rates vary little (McNicholl 1978).

The percent of observations in which males were hooting
(frequency of hooting) was not correlated with the size of
area used duripg either the breeding or post-breeding
periods (r 2 -0.570, N =10, 0.05 <'p < 0.10, and r =
-0.339, N = 10, 0.20 < p < 0.50, respectively). However,
total area used from 8 April to 16 June and from 8 April to
territory abandonment were inversely related to a male's
frequencXAof hooting (r = -0.940 and -0.803, respectively;
both p's‘: 0.01).

Date of territory abandonment was not related to a
male's frequency of hooting during either the breeding or
combined breeding and post-breeding periods (Spearman's rho

= 0.241, N =8, p> 0.50, and Spearman's rho = 0.371, N = 8,
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0.20 < p < 0.50, respectively). A male's relative
aggressiveness also was not related to his freguency of

hooting.

Discussion

Throughout the breeding and post-breeding periods the
10 radio-tagged males did not use all areas of their home
range equally. During peak breeding, males spent much of
their time hooting and therefore most activities were
concentrated within or near activity centers. After thils,
hooting diminished as breeding activities declined, and
males used areas outslde activity centers mofe extensively.
This change in behavior may explain the inverse relationship
between size of area occupied and amount of time spent
hooting: males that hoot the least may spend a greater
proportion of time outside activity centers.

Territories of male blue grouse apparently function
primarily as areas for display and breeding. Since
territorial males spend most of their time during peak
breeding within activity centers, what areas should be
considered the territory: should the activity center alone
" be considered the territory or should areas occupied outside
the activity center also be included?

Wilson (1975), Brown (197%), and Morse (1980), among
others, define territory as an essentially exclusively
occupied area which is either actively or passively

defended. Other, less restrictive, definitions also have
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been proposed (see Kaufmann 1983 for a review). Qverlap of
adjacent areas of occupancy was uncommon and small even when
all locations from radio-tagging until moving to new areas
in summer were included. The small degree of overlap that
occurred seems inconsequential given that sightings covering
a span of over three months were included. As well, areas
outside activity centers have been seen to be defended.
(Falls and McNicholl 1979, pers. o?s.). Thus, I suggest that
the total area occupled until moviﬁg to new areas following
the breeding season was a "territory".

The activity center appears to be the focal point of
the territory, however, as males concentrate their activity
there during the period of peak breeding. As well, activity
centers usuélly are situated on the most elevated portion of
the territory, presumably facilitating the broadcasting of
song and the detection of predators and conspecifics. The
height of activity centers 1in relation to surrounding areas
appears to be the most critical characteristic
‘distinguishing between territorial sites of hiygyh and low
guality (Lewis 1981, 1984b).

Nevertheless, 1f areas outside activity centers are
defended this raises questions concerning the function of
territories. Assuming that activity centers are sufficient
as areas for display and mating, are areas outside them
defended because they serve as buffer zones, or
alternatively because they are needed as feeding areas?

Presently, I do not have the necessary information to



address this guestion.

I found no relationship between my measure of male
aggressiveness and size of territory they occupiled.
Aggressiveness was related tc size of area occupied during
the breeding period, but oniy when the two males that we;e
not hooting before playback experiments were conducted ob
them were excluded. This finding contrasts with that of |
Bergerud and Hemus (1975) in which territory slze was
related to aggressiveness. Their results may not be
comparable to mine, however, as they compared mean size of
territories of males from three diff;rent populations, each
of which had different levels of aggressiveness; my
comparisons were among individuals from a single ?opulation.
Also, Bergerud and Hemus used the distance between the two
most separate points of observation for each territorial
male as an index of territory size, rather than measuring
territory size per se, as 1 did. My results should be
considered tengative, however, as sample slze is small, only
one experiment was conducted on each male, and only one
measure of aggressiveness (resbonse to playbacks) was used.

Why might territory size not be related to
aggressiveness, as reported for red grouse (Lagopus lagopus
scoticus) (Watson and Miller 1971)7 Differences between
species may be a consequence of different mating systems.
Red grouse generally are monogamous (Wiley 1974) and females

utilize resources found on territories. Males with the

largest territories, however, sometimes acquire two mates
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(Watson and Miller 1971), and therefore having large
territories seems advantageous for species with such a
mating system. In contrast, blue grouse are promiscuous and
females do not remain on territories of males after
breeding. Large territories for this species, then, may not
confer any reproductive advantage; instead, features of the
activity center, such as relative height, are likely more

important.

Summary

Ten territorial male blue g%\guse (Dendragapus obscurus)
were equipped with radio-transmitters on Hardwicke Island,
British Columbia in April 1981 to monitor their movements
throughout spring and summer. During peak breeding, males
occupied a;eas that averaged 0.63 ha in size, and they
usually remained near areas where they hooted (sang). After
this time, areas of occupancy increased and season-long
territory size averaged 1.9 ha. Territory size was not
related to male aggressiveness, as measured here, but was
inversely related to the amount of time residepts spent
hooting. Adjacent territories that overlapped did‘so by only
7.1% of their total areas, and there was no ové{lap of areas
within which males hooted. Males remained on territories
almost exclusively until abandoning them after the breeding
season. Individuals varied in the time they abanaﬁned
territories, ranging from mid-June to mid—Augugt:yThe entiré

area occupied until moving to new locations in early to late

-



summer was considered the territory, but the activity
center, or area where hooting occurred, appeared to be the

focal part of the territory.

33
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Table 1:

occupied by radio-tagged males during the breeding
(8 April to 20 May) and post-breeding (21 May to 16
June) periods,

territories excluded.

e o e A e e .

673
674
675
677
679

770=%

*killed by predators; 668 on 31 May, 770 on 3 June.

8 April to 20 May

16

21

16

22

16

16

Size of area

N

occupied

.58
.26
.73
.64
.65
.87
.62

.60

Numbers of observations and sizes of areas

Time period

21

18

18

19

20

23

14

20

11

(ha)

1981. Observations of males away from

16 June

occupied

37

Size of area
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le

2: Numbers of observations, dates of territorial

ko onment, and sizes of areas (ha) occupied until
forial abandonment for 8 radio-tagged males in 1981.
s killed by predators and observations of males away

Wrom territories excluded.

Size of area Date of territorial
No. obs. occupied abandonment
667 44 0.91 4 25 June#*
669 ' 72 1.68 11 Augqus”
671 49 AR 16 July
673 48 2.11 4 Julys
36 - 2.23 17-18 Junex
63 2.00 20 July
677 25 2.75 ‘ 25 June#*
679 40 1.31 27 June
&
Mean 47.1 1.89 7 July i

T T T T T T T e S T e e e e e e e e e e e e e — —  r  —  ————————— e

* date estimated.
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Table 3: Aggression scores and proportion of observations
in which radio-tagged males were hooting during the periods
8 April to 20 May, 21 May to 16 June, and 8 April to 16
June, 1981. Numbers of observations in parentheses;

observations by workers that were not radio-tracking

excluded.
Proportion hooting

Aggression 8 April t5” 21 May to 8 April to
Male - scorex 20 May 16 June 16 June
667 2 .63(16) 0.14(21) .35(37)
668 7 .31(16) 0.25(9) .28(25)
669 6 .53(17) 0.17(18) .34(35)
671 0 .39(13) .0.11(18) .23(31)
673 8 .33(18) 0.05(19) .19(37)
674 5 .21(14) 0.15(20) .18(34)
; 675 4 .14(21) 0.22(23) .18(44)
677 0 0.00(8) 0.00(14) .00(22)
679 3 .33(15) 0.10(20) .20(35)
770 1 .67(12) 0.00(11) .35(23)

0.35(15.0) 0.12(17.3) 0.23(32.3)

e e e e — i ———— . o 2 e A~ —— —————— . o o = e - o - ————— i ———

*scores obtained by ranking responses to playback
experiments; increasing scores indicate greater

aggressiveness.

N
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N

Figure 1. Spatial relationships of territorial males on
‘ -
Hardwicke Island, British Columbia in 1981, Total areas

occupied by radio-tagged malés until territories were

abandoned are outlined with solid§lines; areas within

which males were observed hooting (singing) are shaded.
Numbers identify individual radio-tagged males and
letters indicate locations where non-radio-tagged-

territorial males were seen.



Paper 3: Behavior of male blue grouse and its relation|to

quality of territory otcupied and attraction of females

€

Abstract

Relative aggressiveness and incidence of hootina were
determined for territorial male blue grouse (Dendragapus
obsourus) on a 95 ha area on Hardwicke Island, British
Columbia, in 1980 and 1981. 1 then tested the hypotheses
that the most aggressive males occupled the best areas {or
territories, and that males on high quality territorial
.sites hoot (sing) more than those on low quality sites.
Aggressiveness of residents, as measured here, and quality
of territorial site occupied were not correlated in either
year. 1f my measure of relative aggressiveness of males
reflects differences that were present among them prior to
taking territories, then aggressiveness did not appear to
affect a male's ability to obtain a prime sSite; movement
patterns and experience as a yearling, when non-territorial,
may be more critical. In 1881, but not 1980, males on high
guality sites hooted more thén those on low quality areas,
and in that year more females were sighted near males that
hooted the most. Males, therefore, may enhance their ability
to attract females by hooting more thén others, and this may
be a characteristic of males occupying the best territorial

sites. Thus, behaviors of males, as yearlings or adults, may

affect individual reproductive success by influencing

41
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success 1n acquiring high quality territorial sites and

attracting females.

Introduction

Female choice of mates can be influenced by a male's
behavior (Searcy 1979a, Weatherhead and Robertson 1979) as
has been documented for red-winged blackbirds (Agelaius
phoeniceus) (Weatherhead and Robertson 1977, Searcy 1979b,
Yasukawa 1981). Differences among males in behavior,
theretore, can result in individual variation in
reproductive success. The mating system of blue grouse
(Dendragapus obscurus) is considered to be promiscuous
(Wiley 1974) and males occupy mating- and display-type
territories from which they hoot (sing) to attract females
and 1ndicate their presence to other males (Bendell and
Elliott 1967, McNicholl 1978). Thus, male behavior also may
affect female choice of mates in this species. Further,
sites used for territories differ in quality (Lewis and
Zwickel 1980, 1981), suggesting that there may be
competition for the best sites. Knowing this, two guestions
arise: 1) what determines which males acquire high quality
sites?, and 2) can their behavior affect success in
attracting females?

Males occupying high and low quality territorial sites
did not differ in body weight (Lewis and Zwickel 1981), and
no differences in weights of body organs were found between

original and replacement birds that were removed from
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territories (Lewis and Zwickel 1980). However, 1n the latter
study, replacement males had smaller testes than original
occupants. Although cause and effect cannot be
distinguished, this raises the possibility that aggressive
tendencies may affect an individual's ability to acquire a
specific territorial site. A number of workers have examined
the effect of aggressiveness on territory acquisition with
equivocal results (e.g., Waﬁson and Miller 1971, Yasukawa
1979, Watson and Parr 1981, Searcy 1981). The relationship
between aggressiveness and acqguisition of territorial sites
hés not been 1investigated for blue grouse.

1f females are preferentially attracted to certain
males because of their behavior; what behavioral traits are
most important? One function of song is to attract females
(Catchpole 1982) and a male's quallty may be assessed
fhrough his singing (Whitney and Krebs 1975, Kroodsma 1979,
Yasukawa 1980, Fairchild 1981, West et al. 1981, Greig-Smith
1982). Thus, hooting behavior of individual male blue grouse
may affect their ability to attract females.

The main objective of this study was to test the
hypothesis that males occupying high guality sites are more
aggressive and hoot more than those on low quality sites. As
well, I examined locations of females in relation to those
of males that differed in aggressiveness and percent of time
spent hooting, and in relation to territorial sites of
different gquality. The objective was to determine whether

females might assess the guality of a male on the basis of

gD

VS e
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his behavior or on the basis of the guality of territorial

site he ,had obtained.

Study area and methods

The study was conducted on Hardwicke Island (50°27'N,
125°50'W), which lies between Vancouver Island and mainland
British Columbia, in the coastal western hemlock (Tsuga
heterophylla) biogeoclimatic zone (Krajina 1965). The study
plot was a recently (1968-1973) logged 95 ha area known as
Lake Road. Dominant trees were Douglas fir (Pseudotsuga
menziesii) and western hemlock. The most prevalent herbs and
shrubs were ferns (Polystichum munitum, Struthiopteris
spicant, Ptepfdjum aquilinum), salal (Gaultheria shalilon),
fireweed (Epilobium angustifolium), and red huckleberry
(Vaccinium parvifolium).

Fi~1ld work was conducted from late March or early April
to late July each year from 1980 through 1982. Searches were
carried out almost daily with birds being found by listening
for their hooting or by a trained pointing dog. As many
birds as possible were captured with noose poles (Zwickel
and Bendell 1967) and individually color-banded. Locations
and identities of all birds sighted were recorded. Repeated
sightings of individual territorial males were uséd to
pinpoint the locations of their activity centers (Lewis and
Zwickel 1981). If a known resident was not hooting I

searched the immediate area with the dog.
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The proportion of time individual males spent hooting
wvas determined as 1 searched the study area. At hourly
intervals, 1 recorded which mal%s were and were not hooting
of those that I could have heard from where 1 was at the
time. The area was searched systematically so Ehat all
territories were covered relatively equally. Mpéitoring of
the amount of time individuals spent hooting was begun on 3
May in 1980 and 16 April in 1981. It began earlier in 1981
because the identities and locations of most territorial
males were known when field work began in that year.

Relative aggressiveness of males was assessed by
conducting playback experiments on each of them;
aggressiveness is defined here as the‘tendency to attack
(Watson and Parr 1981). Two experiments were conducted on
each male each year. Initial trials in 1980 were conducted
between 1 and 10 May and replicates between 10 and 18 May;
corresponding dates for 1981 were 16 to 25 April agd 25
April to 5 May. Experiments were performed within the

”;Ctivity centers of the males' territories, and males had to
be hooting prior to being tested. All experiments were
conducted before 8:00 or after 18:00 hrs; males first tested
in the morning had second tests 1n the evening, and vice
versa.

In each experiment, the subject male was approached
with as little disturbance as possible and a speaker and

model of a male in display were placed approximately 10 m

away and out of sight. I then moved another 10 m away and
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hid behind vegetation. After 10 min I played a tapeiof an
unfamiliar male's hooting. For the next 10 min I recorded
the type and timing of all responses by the resident. The
same recording of hooting, but different models, were’used
in the two replicates in 1980, whereas different models and
recordings were used in the two trials in 1981.

Of 28 territorial malés present in 1980, 22(79%) were
captured \and banded by 26 April. From then until 18 May, I
did not attempt to capture the remaining territorial males
as playback experiments were conducted during that time.
Three of the remaining unmarked individuals were captured
and banded after 18 May. Twenty-one (84%) of 25 territorial
males present in 1981 had been marked in 1980. I did not
capture the four unmarked males in that year to avoid the
possibility that catching and handling them would affect
their incidence of hooting or response to playback
experiments relative to males that did not have to be
caught.

Results of a previous removal experiment conducted on
vancouver Island indicated that males preferentially
selected areas for territories that were considered to be of
high quality (Lewis and 2Zwickel 1980). To determine site
quality at Lake Road, I conducted a similar experiment in
1982 in which original occupants and subsequeat replacements
were removed from territories. I assumed that territorial
sites receiving replacement males were preferred, and hence

higher in quality, than those with no relacements (Lewis and
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Zwickel 1980).

1 compared the number of female sightings that were
nearer activity centers of occupied high quality territorial
sites to the number nearer activity centers of occupied low
quality sites to determine whether females were attracted to
the highest guality areas prior to breeding. Only sightings

1977) were used for females for whil 1 knew the date on

obtained prior to the estimated date Vf breeding (Zwickel

1
which their nest hatched. For femaléz without known hatch
dates I used only sightings obtaimed prior to the end of the
two week peak breeding period (Zwickel 1977) in each year.
Similarly, I examined locations of females to see 1f they

were attracted to the most aggressive males or to males that

hooted the most.

Resuits
Proport ion of time hooting
Proportion of time spent hooting was determined for 25
males in 1980 and 21 in 1981; 14 individuals were monitored
in both years. No data were collected for a few males either
because they occupied relatively inaccessable areas (one
each in 1980 and 1981) or because 1 was unsure of their
identity until late 1in the ;pring (two in 1380). Three m§ges
dieé in-early spring 1981 and no data were available for
them.

Males varied greatly in the proportion of observations

in which they were hooting (Figure 1). Most observations
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.were made between 2:00 and 16:00 hrs (69 and 74% in 1880-and
1981, respectively) when hourly prevalence of hooting is
relatively constant (McNicholl 1978). Mean number of
observations per male was 49.6 + 3.8 (S.E.) in 1980 and 81.8
t %.9 in 1981. Sample sizés varied among individuals because
distances over which the$'cou1d be heard varied depending on
topography.

The mean proportion of observatioﬁé for which males
were heard hooting was lower in 1980 than 1981 (t = -2l74, p
= 0.009, Figure 1). The difference probably is due to the
earlier commencement date for monitoring hooting in the
second year; peak hooting occurred from late April to early
May in both years and hooting was monitored for only part of
this period in 1980. There was no difference between years
during the period 15 May to 25 June (0.23 % 0.03 for 1980
and 0.26 % 0.03 for 1981; t = -0.632, p = 0.53). Frequency
of hooting of individual males presen4 in both years was
significantly correlated (r = 0.581, 0.02 < p < 0.05).
Relat ive aggressiveness

Playback experiments were conducted on 23 males in 1980
and 20 1n 1981; 12 individuals were tested in both years.
Responses varied from nil to approach and repeated attack on
the model. I scored each male on a scale of zero to six,
dependinéion the level of response (Table 1).

Responses were reduced greatly in second tests in both

years with the majority of males (N = 15 and 10 in 1980 and
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1981, respectively) showing no response. Méan responses ﬁdr
the first and Segond tests were 3.6+0.5 and 1.0+¢0.4 1n 1980,
and 3.0+0.5 and 6.910.3 in 1981. Responses were normally
distributed in"initial trials but not in replicates (due to
the number of 0 responses); for most males I therefore used
the response score from first trials, However, three males
in 1980 and two in 1981 responded more vigorously 1n
replicates than in initial trials. Since increased responses
by these males were incogsistent with habituation shown by
most males, I used the higher scores as a measure of théir
aggressiVeness. |
Habituation shown by males in seccnd experiments within
years did not extend between years. Mean response by males
tested in both years was 2.9 in 1980 and 2.8 1n 1981 (U =
71.0, p = 0.93). Individual respo&fés between years were not
correlated (Spearmag's rho = O.fé\ p = 0.21), malnly because

two males that did not respond, or responded weakly, in

1980, responded vigorously 1n 1981.

Behavior and Quality of Territorial Sites

Seventeen territorial males were present in 1982 and 14
were removed between 4 and 8 April. The remaining three were
left on the area so that it would not be devoid of hooting
males. Any males subsequently heard hooting on any of the 26
now vacant sites that had been used for territories between

1980 and 1982 also were removed.
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A single replacement male was removed “rom-each of
eight territorial sites and two were removed from another.

All replacement males, except one, settled on sites which C@

*‘r«\ .

had had territorial occupants originally present in 1982. I C)
classified all sites receiving replacements as high éﬁality.

As well, prior to the removal in 1982, two males had changed

the locations of their territories from one year to the

negl: Neither of the sites to which these males moved had
replacements settle on them in 1982. However, I classified

them as high quality because males tgat change territories

usually move to high gquality sites (Lewis and Zwickel 1981).

This gave a total of 11 and 15 territorial sites that were

%

considered higb and low in quality, respectively.

In neithe:\year was relative aggressiveness of a
resident and qugﬁity of his territorial site related (Table
2). Quality of territorial sites occupied also was not
related to proportion of observatfions in which residents
were heard hooting iA 1980, but in 1981 frequency of hooting
was greater for males on high quality sites than for those
on poor areas (Table 2). In neither year was there a
correlation between an individual's relative aggressiveness
and amount of time spent hooting (Spearman's rho = 0.158 and
0.142, p = 0.48 and 0.56 for 1980 and 1981, respectively).

-
Locat ions of Females
Ten and 19 high and low quality sites, respectively,

we  occupied in 1980; 51 sightings of females were nearer
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the former and 82 nearer the latter (X* = 0.125, p = 0.72).
In 1981, 78 sightings of females were nearer the 11 occupiled
high qua}ity sites and 46 nearer the 10 occupied low quality
sites (X* = 5.46, p = 0.02). Thus, in 1981, but not 1980,
females appeared to be attracted to areas where hig?ﬁquality
territorial sites were located. h

Males that were hooting 1n a greater proportion of
their observations than the mean for the'popuiation within a
year were classified as consistent hooters; those hooting
less, sporadic hooters. Sixty-six sightings of females 1in
1980 were nearer actilvity centers of consistent hooters (N =
14) and 65 were_ nearer activitx centers of sporadic hooters
(N = 11), (X* =-1.52, p = 0.22fi Corresponding figures for
1981 were 84 and 48 female sightingsﬂnearer activity centers

of consistent (N 11) and sporadic (N = 10) hooters,

i

respectively (X* = 6.83, p = 0.008). Females, therefore, may
héve been attracted to males that hooted the most in 1981,
but not 1in 1980.

] considered males that had response scores greater
than three to be aggressive, and those having scores less
than or equal to three, submissive. In 1980, 68 sightingg of
females were nearer activity cent%%; of aggressive males (N
= 14), 48 nearer activity centers of submissive males (N =
9) (X* = 0.327, p = 0.57). Nine males were considered
aggressive and 11 submissive in 1981; respective numbers of
female sightings nearer activity centers of these th groups

of males were 59 and 68 (X* = 0.127, p = 0.72). Thus, in
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neither year did females show any significant attraction

towards aggressive or submissive males.

Discussio;

Before assessing results on aggressiveness, the
effectiveness of playback experiments in measuring this
behavior should be considered; that 1is, did they measure
aggressiveness or a response to my presence? Some males that
were difficult to approach when I searched the study area
had high response scores in playback experiments, whereas
others that were "tame", responded weakly or not at all. As
well, 1 also co?duc@ed playback experiments in which female
ﬁodels and calls were used. Some individuals that responded
weakly in male model experiments approached and-displayed to
female models; the éonversekalso occurred. Therefofe, I
believe that differential responses to playback experiments
represent differences i1n aggressiveness of the\males, rather

than reflecting differential responses to my breéence. 1f

/) N

o —
Ve

true, thete was no apparent relationship between a male's
aggressivenéss and the quality of territorial site he

occupié@; Caution should be used when interpreting these

1

L

¢ w )
results, however, as sample sizes are small, only one

'\ N -
measu?e of aggressiveness (response to playbacks) was used,
and eégh male's relative aggressiveness was based on only
one exﬁéximent.

An individual's aggressive tendencies may change,

»ily due to experience and social_interactions, and I




measured aggressiveness of males after thef had taken
territories. Herver, 1f my measure of relative
aggressiveness does, at least to some extent, represent
inherent differences among males, then my results suggest
that an individual's aggressiveness was not important in
determining the quality of territorial site he obtained. If
it is advantageous to obtain high quality territorial sites,
why might the most aggressive males not be most successful
in acquiging them? Jamiesomw and Zwickel (1983) found that
individual yearling males, which usually are non-territorial
(Bendell and Elliott 1967), had different patterns of
movement in relation to territorial sites. They postulated
that this could affect the quality of territorial site that
is subsequently obtained. Similarly, Yasukawa (1979) found
that experience with an area was more important than

aggressiveness in determining whether or not male red-winged
T

blackbirds acquired territories. Thus,(whether male blue
grouse acgquire high quality territorial sites may be related
to their behavior as yearlings. Getting there first also may
be important. Once a territorial site 1s obtained, males
usually are dominant there (e.g., Vos 1983) and residents
may be ablé\pa/éxpel intruders that‘}nherently are more
aggressive.

Males that occupied high quality sites in 1981 were
seen hooting more often and had more females sighted near

them than males on low quality sites. Were females attracted

to individuals that hooted the most or were they attracted
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to areas where high quality sites were located? In a study

on Vancouver Island, more females were found near

territorial sites during breeding seasons in which they were

occupied than in years in which they were vacant (Lewis
1979). This suggests that females are attracted by the
presence of males. Hooting would seem to be a trait that
females could use to assess male quality as, depending on

topography, it can be heard over distances exceeding 500 m

(Bendell and Elliott 1967, pers. obs.). Thus, éssuming that

characteristics of a male's hooting and his quality are
related, females could assess the fitness of several males
without having to be near them.

In conclusion, it appears that aggressiveness of males
may not be important in acquiring high‘quality territorial
sites or attracting females. Alternatively, behavior as a

yearling, when non-territorial, may be most critical and

future work on this aspect of blue grouse population ecology

should concentrate on this age class. As well, males may
enhance their chances of attracting females by hooting more
than other males, and this may be a characteristic of males

>

that occupy the best territorial sites.

&
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Table 1: Responses and assigned aggression scores for
territorial males tested with playback experiments 1in

1980 and 1981 on Hardwicke Island.

Aggression N,
score | Response

0 no approach; may alter hooting rate or
orientation.

1 approach, but not to within 6 m of the
model and speaker; no growling.

2 approach to 5 m or less but no
growling.

3 approach and utter growls but remain near
model or speaker for only a short time.

4 approach and circle or remain near
model for prolonged period.

5 approach and weakly attack model by
pecking or slapping 1t with wings.

6 approach and vigorously and repeatedly

attack the model.



Table 2: Mean aggression scores and proportion of

observations in which individuals were hooting for

males occupying high and low guality territorial sites

in 1980 and 1981. Sample sizes in parentheses.

Mean
aggression

score

Mean prop.
observations

hooting

1980

1981

1980

1981

High quality

sites

Low quality

sites

3.940.7(9)

3.620.6(11)

0.3040.04(10)

0.44+0.04(11)

4.1120.6(13)

3.040.7(7)

0.28+0.05(15)

0.3320.04(8)

‘\-/'
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Figure 1. Proportion of cbservations in which individual
territorial males were hooting in 1980 and 1S981.
Observations obtained up to 25 June only are included as

hooting almost ceased after this time.



Paper 4: Density, movements, and breeding success of female

blue grouse in an area of reduced male density

Abstract

The density of male blue grouse (Dendragapus obscurus)
on a 95 ha area was reduced artificially by approximately
3/4 in 1982. Density and breeding success of females on this
area in that year were compared to those of females on the
same area in 1981 (when density of males was undisturbed)
and to those of females on an unmanipulated control area in
1981 and 1982. As well, movements of females on the
experimental area in 1982 were compared to those of females
on théi area in 1981 and to those of females on the control
plot in 1982. A reduction in male density had no apparent
effect on density of either yearling (recruits) or adult
females, or on daily movements, timing of breeding, and
breeding‘sﬁccess of females. Home ranges of females were
largest, but not significantly so, when male density was
artificially reduced. The larger home range sizes of females
residing in an area with a very low density of males did not
seem to result entixely from females searching for maleé
with which to breed. Results of this study suggest that
densities of male blue grouse have no apparent effect on
derisities of females or production of young, ahd support the
hypothesis that densities of females in this species are

requlated independently of males.
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\Introduction

Pasg research that examined processes of animal
population regulation often considered the role of only one
sex, usually males. Many studies simply assumed that female
densities we;é "tied" to those of males (Wynne-Edwards
1962). More recent studies, however, investigated the roles
of both sexes (e.qg., Fordham 1971, Boonstra 1978, Redfield
et al. 1978a, 1978b, Clutton-Brock et al. 1982, Hannon
1983), and experimental reductions in densities of males

have not affected those of females (e.g., Redfield et al.

1978a, b, Hannon 1983). These studies demonstrate that

densities of females may be regulated by different means and

+

independently of those of males (Redfield et al. 1978a, b).
Redfield et al. (1978a, b) and Hannon (1983) used
single-sex-removal experiments to examine independence
between densities of the two sexes. Here, I report on
results of a similar experiment on blue grouse (Dendragapus
obscurus) in which 1 removedlmales and examined effects on
density and reproduction of females. Previous work suggested
that densities of females may be éggulated indéEERQently of

males in this species (Hannon and Zwickel 1979, Hannon et

al. 1982) and this experiment provided a more direct test of

e

the hypothesis.

Background and 0Objectives
Male and female blue grouse migrate to breeding ranges

in early spring and once there males establish territories

//
\
)
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from which they hoot (sing) to attract females and 1ndicate
their presence to other males (Bendell and Elliott 1967,
McNicholl 1978). Most yearling (Bendell and Elliott 1967,
Lewis and®Zwickel 1981) and some adult (Lewis and Zwickel
1980) males do not take territories and are assumed to be
non-breeders (Bendell and Elliott 1967, McNicholl 1978).
Adult females occupy restricted‘pre~nesting hdme ranges
whereas yearling females move over larger areas until
establishing residence in breeding populations (Hannon et
al. 1982). No pair bonds are formed between males and
females, and females generally occupy home ranges that are
situated between or on the edge of male territories (Bendell
and Elliott 1967, pers. obs.). This mating pattern 1is
considered promiscuous (Wiley 1974) and females apparently
choose among males for mates (wittenberger 1978).
Intultively, male densities might h;ve greater effects
on females of monogamous species than on those of polygynous
or promiscuous species. However, numbers of males could
affect females in the latter if yearling females (potential
recruits) avoid areas where choices of breeding partners are
restricted. Also, if male densities are reduced, older,
resident females might move to areas of higher male density,
or enlarge their home ranges so that they have access to
more males. These situations could occur if breeding males
differ sufficiently in quality to affect the quality of
offspring produced by females (e.g., Weatherﬂead and

Robertson 1979). Other potential effects of reduced male
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density on female reproduction include: 1) a delay in time
of breeding if females spend more time searching for
suitable breeding partners, and 2) lower hatchability or ’
fertilitx\of eggs resulting from any added stress of having
to move more to find acceptable males with which to breed
{Koenig 1982). The objective of this study was to determine
if male density affected the density, pre-nesting movements,

and/or breeding success of female blue grouse.

Study érea and methods

This study was conducted on Hardwicke Island (77 sg
km), which lies in Johnstone Strait between Vancouver Island
and mainland British Columbia (50°27" N, 125°50' W), during
the breeding seasons og:1981 and 1982. Two study plots, a
control and experimental area, were used. Both were in
various stages of regeneration following clearcutting
between 1968 and 1973. The control area, situated on the
west-central ?ortion of the island, and the experjmental
area 0.65 km to the NE, were 470 and 95 ha in size,
respectively. Vegetation structure on both ranged from "very
open”" to "dense"” (Bendell and Elliott 1967), with western,
hemlock (Tsuga heterophylla) and Douglas Fir (Pseudotsuga
menziesii) being the dominant overstory species. Primary
understory sg&cies were fireweed (Epilobium angustifol ium)
and®salal (Gad}tf]/e/jia shallon).

The experimental plot wasgan area I used for a study of

, : . ' —
behavior and use of territories by males (Lewis 1984),
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whereas the control plot was used for a more extensive study

of populat&on regulation 1n blue grouse (e.g., Jamieson
1983, Jamieson and Zwickel 1983). Census methods were
similar on the two/areas except sthat 1t was more intensive
on the experimentél plot, especially early in the spring. I
searched the e#perimental area almost daily from early April
to late Augusp/each year and two to three other observers
searched the/éontrol plot beginning in‘early to mid-April
and qgn{inuing through August. Trained pointing dogs were
Used to help find birds. Territorial males were found in
spring, primarily by their hooting, and their numbers were
counted directly.

Densities of females were estimated from sightinJ; of
individually color-banded birds. I believe that virtyley
all females were identifiled on the experimental area each
yeaf and direct counts were used as estimates of female
numbers. Due to the less intensive search on the control
area, estimates of female density there were based on the
ratio of banded females seen both before and after broods
hatched to those seen only after hatch (Redfield 1973).

Movements and home range sizes of females were
‘determined using radio-telemetry. Radio transmitters were
attached to nine adult females on the experimental area in
1981, and to 10 and 7 adult females on the experiﬁental and
control areas, respectively in 1982. Harness attachments

(Herzog 1979) were used and radio-packages equalled 3-4% of

a female's weight. Only adults were equipped with
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transmitters as this age-class was more likely to breed than
yearlings (Hannon and Zwickel 1979).

Transmitters were applied to females between S and 21
April in 1981, and 6 April and 2 May in 1982. Radio-tagged
females were located using a portable receiver and hand-held
yagi antenna. Locations of females were estimated by
measuring the distance and direction to known reference
points. Females were found almosf daily until initiating
nests. in 1981, and in 1982 they were found approximatelly 1-2
times daily on the experimental area and every 1-3 days on
the control plot. Females were located more frequently on
the experimental than control area in 1982 because I thought
females there were more likely to make excursions to find
males.

Home ranges of females were delineated 'using a minimum
area method (Harvey and Barbour 1965), as hodified by Sopuck
(1979): outermost points of observation were connected only
1f distances between them were }gssjghan half the total
range length. Sightings that wefe greater than half the
range length from any other sighting were considered
excursions (Hérvey and Barbour 1965) and were not included

4
in estimates of home range size. Mean daily movements were
determined by measuring the disgance between locatiops of
individuals found on consecutive days (Herzog and Boag

1978). If a female was found more than once in a day her

initial sighting was used as her location for that day.

)
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Females were radio-tracked for different lengths of
time depending on when they were radio-tagged and when they
initiated laying. To standardize comparisons between areas

F\—/Ehd\xegrs, I restricted analyses to the 15 days prior to
starg}ﬁg to lay. This period 1includes the %ime when fémaleé
are fn the rapid recrudescence phase of their ovarlan cycle
(9-10 days, Hannon et al. 1979) and when thefrbreed (Zwickel
1977).

Data on dates of breeding, clutch sizes, and fertility
and hatchability of eggs came from information on
radio-tagged females, and females and nests found by
observers working with dogs. If a hen's nest was not found,
her hatch date was estimated by determining the age of her
chicks (Redfield and Zwickel 1976) and backdating (Zwickel
1977). Only clutches known to be complete were used to

here, 1s the

N

percentage of eggs in a clutch that produced either chicks

determine mean clutch sizes. Fertility, as used

or- unhatched embryos, and hatchability is the percentage of

all eggs in a clutch that hatched (Zwickel 1975).

Results
Density of males

Densities of adult males on the control and
experimental areas were similar within years (1981: 0.30/ha
and 0.28/ha; 1982: 0.26/ha and 0.24/ha, respectively). Some
adults on the experimental plot were considered -

non-territorial but data for males on the control area were
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S
insufficient to make such judgements on adults from there.

Of 17 territorial males (all adults) on the
experimental area in early spring 1982, 14 were removed
between 4 to 8 April, at least three weeks before breeding
commenced. Another 10 males (six adults, four yearlings)
took territories on sites from which males had been removed;
all were shot, niné within a day of first being heard
hooting. Four additional non-territorial yearliﬁé males were
identified, but not removed. I believe that most :
non-territorial birds were identified and thus I reduced the
total density of males (territorial and non-territorial
combined) on the experimental area approximately 77%
(24/31); the initia@_den;;;;‘of territorial (breeding) males
was reduced 82% (1;/17).<Thirteen\males that occupied
territories in areas immediately surrounding the

experimental plotlalso were potential breeding partners for

N

females from that area. No males were removed from either

area in 1981 or from the control plot in 1982.

]

TS
~

[EaN

"‘Density of females and breeding guccesg -
Densities of combinedfédult and yearling females within
_ years on the two areas weré rélSEiVely similar (Table 1).
Fewer females of both age.classes were seen on the-
‘experimental area in 1982 than 1981, but similar declfnes'.
occurred on the control area (adults: X* = 0.187, p = 0.67;
yearlings: X* = 0.238, p = 0.63; Taple 1). Percent Yegrlings<d

was similar among areas and years (X* = 0.478, p = 0.92;

LY
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Table 1). Thus, a reduction in male density did not cause
either residept or recruiting females to move elsewhere.

A higher‘proportion of adults (X? = 11.0, p = 0.007,
both years combined) and a lower proportion of yeaflings (Xx*
= 4.72, p = 0.03, both years combined) were seen with broods
on the experimental area compared to the control plot (Table
1). I believe that these differences result mainly from the
lower intensity of search on the control plot, especially
early in the spring, rather than reflecting real differences
in, breeding sﬁccess.

Althouéh estimates of percent females with broods
differed between areas, there waé no indication that g
reduction in male density in 1982 affected breeding success
of females on the experimental area. A similar percentage of
adults and yearlings were Seen with broods 1n the two years
(adults: X* = 0.393, p = 0.53; yearlings: X* = 0.010, p =
0.922), as was the case for Fhe control area (adults: X* =
0.643, p = 0.42; yearlings: &2 = 1.70, p = 0.19) (Table 1).

—~
The higher proportion of adults with broods as compared to

yearlings may have resulted from the failure of some

yearlings to breed (Hannon and Zwickel 1979).

Daily movements .

Radio-tagged females! on the control area rarely were
found on consecutive days, so comparisons of mean daily
movements were made for females on the experimental area

~

only. During the 15 days before starting to lay, females
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moved mean daily distances of 117 # 13 m in 1981 (X = 9.1
consecutive day sightings/female) and 128 + 24 m in 1982 (X
= 10.5 consecutive day sightings/female; t = -0.397, p =

0.70) . Thus, females had similar mean daily movements on

the experimental plot in the two years.

Home ranges

Home ranges on the experimental area during the 15 days
before laying averaged 0.99 + 0.23 ha (X = 11.2
sightings/female) and 1.75 ¢ 0,47 ha (X = 12.7
sightings/female) in 1981 and 1982, respectively (t = -1.45,
p =0.17). Females were radio-tagged later, on average, On
the control than experimental area, and only five had
sufficient numbers of sightings to examine size of home
ranges. These females had mean home ranges of 0.76 t (.18 ha
(x = 10.2 sightings/female), which was not significantly
different from those of females on the experimental area in
1981 (t = 0.676, p = 0.50) or 1982 (t = 1.96, p = 0.08).

Six sightings involving five females and four involving
four females were considered excursions on the experimental
area in 1981 and 1982, respectively (X* = 0.678, p = 0.41);
respectivé mean léngths of the;e movements were 165 ; 34 m

and 377 + 182 m (U = 14.00, p > 0.20).
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Timing of breeding and nesting parameters

Median hatch date on the experimental area was 13-14
June‘(N - 34 females) in 1981 and 16 June (N = 29 females)
in 1982. Similarly, hatching occurred earlier on the control
area in 1981 than 1982 (median = 13 June (N = 123 females)
and 15 June (N = 103 females), respectively).

Mean clutch sizes were similar among areas and years
except for 1981 on the control plot (Student -Newman-Keuls
multipie comparison test, p < 0.05, Table 2). Percent
hatchability (X* = 5.79, p = 0;12) and fertility (X* = 2.02,
p = 0.57) of eggs did not differ among areas and years-
(Table 2). Thus, reducing the density of males had no

apparent effect on timing of breeding or nesting parameters.

Discussion

Neither density, recruitment, daily movaments, nor
timing of breeding were affected when approximately 3/4 of
the males were removed from the experimental plot. As well,
females were equally successful at nesting and producing
young irrespective of whether or not the density of males
was reduced artificially. Thus, density of male blue grouse
does not appear to have an immediate influence on density of
females or production of young. Further studies are required
to determine whether there are long-term effects on
recr&itment of females or guality of offspring resulting

from reduced choices of breeding partners.
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Females on the experimental area 1n 1982 had home
ranges that were approximately twice the size of those of
females occupying areas with unmanipulated male densities
(experimental area 1981 and control area 1982), and this
difference approached significance. Given the small sample
sizes of radio-tagged birds, there may be real differences
between removal and non-removal situations. If so, there are
th;;e possible reasons for larger home range sizes on the
experimental area: 1) females moved over larger areas
looking for males so as to increase thelr choice of
potential mates, 2) females used areas.that would have“been
occupied by removed males, or 3) the number of females
declined from 1981 to 1982 and individual females in the
latter year may have been able to occupy larger areas.

Only two radio-tagged females on the expérimental area
in 1982 enlarged their home ranges into areas where
territorial males were located; others, that occupied larger
areas than females in 1981, had home ranges that did not
overlap or lie adjacent to territories of males. Thus,
larger home ranges in 1982 apparently did not result
entirely from females searching for more males.

Not all territoriai males were identifiedvcgzen enough
in either year to determine the size of their territories.
As well, except for two, different'females were radio-tagged
on the experimental are; id 1981 and 1982. Therefore, I

cannot evaluate the possibility that females used areas in

1982 that normally would have been occupied by males that
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were removed in that year. Also, although females appeared
to use areas in 1982 that had been used by territorial males
in 1981, the effect of this on the enlargement of female
home ranges cannot be distinguished from the effect of a
lower density of females 1n the second year. It {s likely,
however, that a complete explanation for the apparent
difference in home range sizes between females residing in
areas with reduced male densities and ﬁhose on areas with
normal male densities 1involves a combination 5f all three
suggested causes.

Some females that produced young on the experimental
area in 1982 occupied home ranges that neither overlapped
nor were adjacent to territories of any males. With whom did
these females breed? The three territorial males left on the
area and 13 adjacent to it, were within a few hundred meters
of the home ranges of most femaies, and home ranges of all
females were within hearing distance of at least one hooting
male. Females may pave made quick movements to these males,
copulated, and returned without being detected. Some females
did make excursions, but 1f these represent moves to areas
where hooting males were located such moves apparently also
occurred in 1981 when male density was normal. Perhapé
rfemales can assess the fitness of territorial males through
characteristics of their hooting (which can be heard over
distances exceeding 500 m, depending on topography (Bendell
and Elliott 1967, pers. obs.)), which would negate the

necessity of occupying areas adjacent to territorial males.

¥
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In both years, I may have missed females making these
movements if they usually were made during the early morning
and/or late evening, és most radio-trackimg was conducted
during the day. A second possible means by;éhich females on
the experimental area in 1982 could have bred was by mating
with non-removed, non-territorial males. This alternative
seems less likely than the former one, however, as all
known-aged non-territorial males were yearlings.

In summary, results of this study indicate that
recruitment of yearling females and, in general, movements
of resident adulgg were not affected when male densities
were artifi;ially reduced. Nor was there any apparent effect
on production 1n the popuiatian. Thus, my results are
similar to those of Redfield et al. (1978a, b) and Hannon
(1983) and provide further support for the hypothesis that
densities of females in blge grouse are independent of male

{

density. They also suggest that Sexually independent

/\/‘/7

processes of population regulat&gn can occur irrespective o}
whether a mating sistem is promiscuous (this study) or
monogamous (Hannon 1983). Redfield et al. (1978a, b) and
Hannon (1983) also reduced densities of females~yith no
apparent effects on densities of males. Such aﬁ experiment
on blue grouse would be useful in adding to our |

o . . P,
understanding of how densities of this spé

requlated.
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Table 1. Numbers of females, percent yearlings, and percent

seen with broods (in parentheses) on the experimental and

control study areas on Hardwicke Island in 1980 and 1981.

Experimental

Area

Control

Area

No. of adults

No. of yearlings

Total feﬁales

Density‘of females
(number /ha)

% Yearlings

44(80%) 38(74%)

15(27%) 12(25%)

59 50
0.62 0.53
25 24

206(56%) 160(60%)

77(44%) 50(56%)

283 210
0.60 0.45
27 24
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Table 2. Mean clutch sizes and percent fertility and

hatchability of eggs on the experimental and control

areas on Hardw1cke Island. Sample sizes 1in parentheses,

some unhatched eggs from the control area were not

checked for fertility.

1981 1882
Number of nests 8 9
Mean clutch size 5.4+0.3 5.4%+0.3

% Hatchability . 91.9(33)  94.3(35)

% Fertility 93.9(33)  97.1(35)

24 29
5.820.2  5.6%0.2
88.5(104) 81.2(133)
93.9(99) 90.7(107)

e Lo
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Paper 5: Habitat preferences of territorial male blue grouse

{

Abstract
Habitat characteristics were measured and compared for
28 sites used for territories by male blue grouse
(Dendragapus obscurus) and for 10 areas not usedé?or
territories on-a 95 ha area on Hardwicke Island, Britiéh
Columbia, from {980~1982. Among sites used for territories,
comparisons also were made béf@een those that were preferred

and non-preferred. Habitat variables measured were: .

b4

. coe : ot
"relative height", slope; ground level visibility,~-ﬁ5unt of
L £ - . .
cover, and dispersion of cover and open areas. Territorial
and non-territorial sites differed only in their relative

7

heights and degrees of slopgj*térriﬁorial sites wereagreater
in both respects. Preferredwterritorial sites had greater
relativg)heights and ground level visibility, and less
cover, than non—preférred sites. Cover also ;enaéd t?;be
‘most clumped on preferred éites. When distinguishing betw;en
areas that were and were nof suitable for tetritories, males
appeared to discriminate primarily on the basis of
topographic characteristics._Topography'also appeared to
affect the éﬁality of sites that were suitable for

territories, but at this level of selection vegetative

features also may have been important. : S

7

81
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Introduction

Several workers have examined habitat selectioﬁ,by,blué
grouse (Dendragapus obscurus) in coastaﬁ British éolumbia
(Bendell and Elliott 1966, 1967, Redfield et al. 1970, =
Zwickel and Bendell 1972 Donaldson and Bergerud 1974,
Niederleitner 1982). The approach in thos# studies was to
describe habitat characteristics of areas with_differgpt
densities of blue grouse. Additionally, I compared |
topographic and vegetative features of terrltorlal sites of .
males that differed in frequency of use and apparent qdality v
(Lewis 1981). To date, however, habitac characteristic; of
territorial sites of coastal blue grouse havefnot'been*’
compared quantitatively to areas not usedﬂfor terfitonies,
as was done for blue grouse in Montana ﬁMartinka 1972).

Territories of blue grouse §crye p;imarily'éslaréos.v"

where males attract and,display.toffemalesi although feeding . ™.

»
+

and other activities also occur th;re (Bendell and Elliott
1967, MCNicholl 1978). Blue grouse have élaborqfercoqctship
diéblays,(Hjorth 1970, McNicholl 1978) and thqge may ﬁe}
facilitated by the pcesence-of open areas. Coéverselyg'cover

?ri.

may enhance escape from predatots, and its ?mount w111 be

: penness. Iﬁ both cover and
/

open areas are 1mportant components of terrltorlal 51tes,v

1nversely related to degree

their dlsper51on may affect site quallty more than does
either of thelr absolute amounts. In my prev1ous study
(Lewis 1981), I found no dlfference in amount of cover or ,

‘open areas on hlgh‘and low quallty territorial sites

&

-~
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(persistent and transient sites, respectively), but at that
time I did not measure their dispersion. |

The objectives of the present study wefe to
quantitatively compare habitat features of territorial sites
and areas not used for territoriesf and to compare the
dispersion onQOQer and open areas on ﬂigh and low quality
territorial sites. As well,‘}his study was done on a
different$area, Hardwicke Island, than my previous éne,
Comox Burn, Vancghver Island, and 1 compare and discuss
results from the two areas. T
Study area and methods

‘Hardwicke Island l}es{in Johnstone Strait between
Vancouver Island and mainland British Columbia*(5Q° 27" N,
125° 50" W), in the coastal western hemlock (Tsugg
heterophylla) biogeoclimatic zone (Krajina 1965). 1 studied
aspecfs of male teffitoriality from 1980f198;?on a recently
logged 95 ha area situated on the north;ceﬁ{;al portion ofﬁ
the. island. This area, knéwnnas Lake Road, had a vegetative
structure ranging from ";ery open" to "densef during this
timé (see Bendell and Elliott 1967 for a description of 4
terms) and general exposure‘was N—facing. Domiﬁant trees |
were wesﬁern hemlock and Douglas fir (Pseudotsuga
menziesii); hemlock regeneration was natural but most firs
were plénted; Primary herbaceous and shrubbyr-species were
fireweed (Epilobium angustifolium), ferns (sword fern,

bolystichum munitum; deerfern, Struthiopteris spicant; and



v

84

Ve

bracken fern, Pteridium aquilinum), salal (Gaultheria

shalloh), and red huckleberry (Vaccinium panifOngT).
Vegetation and topograé%y at Lake Road and Comox Burn

were relatively similar except that terrain on Lake Road was

il

moré broken and wegéern hemlbck was more prevalent., Also,

\
Comox Burn had been burned by a wildfiie whereas Lake Road
had undergone controlled slash burning.

1 searched Lake Road almost daily from late March to
late July each year. Territorial males were found by
listening for their hooting (singing) or by a trained \
pointing dog. Areas where hooting (ter;itofial) males Qere
found were searched repeatedly throughout spring and summer
to determine the locations of individuallterritorieé.

Theoretically; food will be a necessary component of
the habitat of any species (Hilden '1965). However, food does

not seem to be limited in habitats used by blue grouse 1n

coastal British Columbia (Zwickel and Bendell 1972), and ¥

.neither quality nor qguantity of food appears to affect

densities of territorial males (Ash 1979). I therefore only
measured habitat variables that might affect a resident's
ability to avoid predators or to attract and display to
females. All measurements were made within activity cénters,
the area within territories where most hooting occurs (Lewis
and Zwickel 1981).

Most territorial sites of blue grouse are located on
heights of land, such as hills, knolls, and ridges {Bendell

and Elliott 1966, 1967; Figure 1). Topographic features
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measured were slopes around, and "relative heighﬁs" (Fewis
1981) of, activity centers; these could affect the
propagation of hoqting”as well as the ability to detect
Bredatorg and—conspecifics. Slopes were estimatéd by
measuriﬁg the incline 0§ a string stretched between two | .f
poles held upright and 10 m apaff. Four measurements were
made in each activity center éna their sum was used as anO
index to the slope of that site. The first measuremept was
in the direction of the general exposure of the site, the
three others at 90°, 1805, and 270° to this; uphill slopes
were assigned hegativé values. Relative height, which is the
horizontal distance from the activity center of a site to
thelﬁEQrest area of equél height (Figure 1), was estimated:
by steredscopic analysis of aerial photographs. This gives a
measure éf the height of the activity center in relation to
surrounding areas and serves as an index to the distance
that the resident's hooting may’be heard.

Ground level visibility, which could affect the
likelihood of detectiﬁg fémales, intfudiné males, or
predators (Donaldson and Bergerud 1974, téwis 1981), was
measured with a cover board (Dé Vos and Mosby 1971). The
board’%as 30.5 x 30.5 cm with a pattern @f eight red and
eight white squares. It was placed on the ground at 5 m
intérvals from the spot where the resident most frequen;ly
hooted, out to 40 m, in each of the four cardinal compass

directions. An observer, simulating the position of a grouse

on a stump at the hooting site, counted the number of

o
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squares. that were at least 50% visible at eac: location.
This humber gave a relative measure of ground level
visibility within a site. |

~ Amount of cover and its dlsper51on were measured. u51ng
a comb1nat1on of a modified canopy cover method (Daubenmlre
1959) and Pielou's (1977:144) method for measuring
dispersion qf denserand sparse grid cells. A 20 m square
matrix consisting 5?‘100,‘2 m x 2 m blocks was established
on each territory, centered at the location where residents
‘ wefe most freguently seen hcoting on each,territorial site.
Percent‘coyer within each I m? block was classified using._
" Daubenmire's rating scale: 1=0-5%, 2=6-25%, 3=26-50%; _\//
' 4=51-75%, 5=76-95%, 6=96-100%. Anything that would provide
concealment for a grouse on the gfohnd was considered cover,
e.g., vegetation, logs, etc. The midpoint percent of each 3
cover class was used as the percent cover fgr each block,
e}d percent cover within an activity center was estimated as
’Fhe mean of the 100 blocks.
‘ Dispersion of cover was quantified by classifying each
block as being either cover (>50% cover) or open (<50%
cover)-and counting the number of'"cpver blocks™ that
adjoined each other (Pielou 1977). An expected value and a
variance for the number that would have adjoined if they
were distributed randomly was calculated for each sit%.
Dispersion was quantified as observed minus expected number

of ad301n1hg cover blocks divided by the variance. A value

of 0 represents a random dlStrlbUtlon and values above and
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below this a tendency towards clumping and uniform spacing,
respectively. Since cover and open areas may no;_be.w i}
distributed similarly, I repeated the procedure to quantify ~
dispersion.of open areas.

Studies at'Cohgﬁ Burn indicated that frequency of .
occupancy was related directly to the guality o%ﬁFerritoria}
sites (Lewis and Zwickel 1980, 1981). To determine site K
guality at Lake  Road I removed original occupants and
subsequent replacements from most territorial sftes in 1982,
A few sites were?left occupled so that the area would not be
devoid of hooting males. Sites receiving, and not receiviﬁg,
replacements were classified as high and low qhalityy |
respectively (Lewis and Zwickel 1980). -

In addition to measuriﬁg habitat vafiables‘on
territorial sites I randomly geieCted 10 areas that were not
used for territories‘durihg 1980—1982}éna‘meagure$ habitat

A\

variables on them. Variables involving vegetation were-
mea;ured in April and May 1982, before herbaceous gfowth,
began developing rapidly. Comparisons weré made between
territorial and non-territorial sites, and within
territorial sites, between those of high and low quality.
These comparisons represent two phases of selection‘by
males: first, selection for areas that are suitablé for
territories, and second, selection among acceptable sites

for those that might best enhance opportunities for breeding

and surviving.
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Studént‘s t-tests were used fo compare meaﬁs of
individual variables and significanée was acéepted at the
0.05 probability level. Habitats of,territofial and
non-territorial sites.and of high and low quality
territorial sites aléo were compared using a stepwise
discriminant function anélyéis (Nie et al. 1975). Caution
should‘be used when i&;gipréting results of this analysis,
however, as gemgae sizes were gmall (Magnusson 4983). -
Thetfefore, inkthe discussion 1 will consider only results of

individual comparisons.

L

-Results

Numberé of territorial males declined.from 28 to 17
betweé;'1980 and 1982, and 29 different territorial sites
were occupied in the three years. I removed 14 of the 17
original ter;itoriai males in early April 1982, thus leaving
26 territorial sites vacant. Subsequently, one replacement
was removed from each of eight sites, and two were removed
from another. All replacements, except one, settled on sites
from which original océupants had been removed in 1982. 1
classified all sites receiving replacements.as high quality.

In addition, in both 1981 and 1982 one male moved to a

different territorial site from,the one occupied the

previous year. Neither moved to a site that received a

replacement in 1982 but I classified these sites as high
[ 3

quality because other data indicate that when males change

territories:Ghey’usually'move to high quality areas (Lewis
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and Zwickel 1981). Thus, 11 and 15 sites were considered of .
[ . 1 - .

‘high and low quality, respectively. I refer to these as

"preferred”™ and "non-preferred” sites; Habitat variables
were measured on all sités classified for quality, and on
two of the three sites from which original occupanﬁs were
not removed in 1982. ™
. il

Territorial vs; non-territorial sites

Eoth topographic variables, slope and relative height,
were significantly greater on territorial than
non-ferritorial sites (Table 1).

Over 75% of the "Visiblegisqégres on the cover board
were frém locations within 15 m of the observation point. I
therefore compared visibility on territorial and’
non‘terrltorlal sites within both 15 and 40 m of the
observation point. Neither were 51gn1f1cantly dlfferent

although differences in visibility within 40 m approached

significance (Table 1); the tendency was fo;ﬂyisibility to
. -« - ’

be greater on non-territorial sites./NETther amount of cover

—

nor dlsper51on of cover or open areas/élffered between
territorial and non-territorial sites (Table 1).

Territorial and non-territorial sites were classified
with 89.5% accuracy when they were compafedeith the —
stepwise discriminant function analysis. In descending
order, slépes, dispersion of open areas, visibility within
40 m, and relative height contributed significantly to

discriminating between the two types of areas.
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Preferred vs.§ﬁoﬁ*pigferned territorial sites
)

Relative heights of preferred sites were greater than

.

those of non-preferred sites,, but slopes d1d not diffe

i) 3
s =

(Table 2). Thus, among areas used ‘for territor¥és, Malesa
preferred those that did not have areas of equal or greater

height nearby. !

v

Visibilif§ within 15 m of the observation point was

~

significantly greater on preferred than non-preferred sites,

and approached significance within 40 m (Table 2). Percent

~

cover also was significantly different and differences in

dispersion of cover were nearly significant: preferred sites
had less cover and it tended £o be méte clﬁmped than on
non-preferred sites (Table 2). Dispersion of open areas did
|
not differ between the two types 6f site (Table 2).
Stepwise discriminant function analysis was 84.6%
accurate 1in cléssifying territorial sites as being of high

or low quality based on the seven variables measured.

Variables contributing significantly to the discrimination

< in descending order were: relative height, slope, dispersion

" of open areas, and dispersion of cover.

Discussion AN
At the initial level of territorial site selectiz?,

that is, when distinquishing between areas that were and
were not suitable for territories at Lake Road, males
\

apparently based their selection primarily on topographic

characteristics; vegetative features, appeared to be' of

o \\

s
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lesser or no 51gn1f1canpe. However, among areas that were

suitable for territor?ji, differences in quality were
related to both topogr?phic and vegetative features of the
site. Social influences of conspecifics also may affect
habitat selection and préferencesﬁinlden 1965), but none
were examined in this study.

Ultimately, selection likely is based on the
integration of a number of variables. For example, both
cover and open areas‘may affect territorial site quality.
However, since amount og ;over and open areas are inversely
related, both fheér amount and dispersion may be important,

as appeared to be the case at Lake Road. Also, some habitat

variables, such as amount of openness, may affect survival

~and breeding success in opposite ways. Areas that prfovide

the combinations of features that best enhance survival and
breeding success should be preferred.

The only significant difference I found between high
and low guality sites on.Comox Burn was that it was farther
from the former to areas of equal or -greater Height than for
the latter (Lewis 1981). At Lake Road it also was farther
from preferred te;ritorial sites to areas of equivalent |
elevation thanrfof non-preferred sites, suggesting that this

N
may be a generalization for blue grouse in logged habitats
in coastal British Columbia.

In contrast to Comox Burn, preferred and non-preferred
territorial sites at Lake Road also differed with respect té

i~

visibility and amqQunt of cover. Cover also tended to be more

¢
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. ‘
clumped on pfeférred than non-preferred sites at Lake Road
but its disper;ioh was not measured on Comox Burn.

Ground cover was greater on territorial sites at Lake
Road than_on Comox Burn (Tabte 1, preseht studgg Table 1;
Lewis 1981), at4§east partly due to the fact-that the
wildfire on Comox Burn consumed most of the slash and
created large areas of bare ground that weré slow to
revegetate. As well,-natural revegetation of trees was

greater at Lake Road than on Comox Burn. Perhaﬂ& greater

ground cover at Lake Road resulted in it becoﬂ?ng more

' ~

important in territorial site selection and preferences thah
on Comox Burn; as vegetation becomes too denge males stop
recruiting to areas used previously (Bendell and Elliott
1967, Redfield et al. 1970).

In conclusion, coastal male blue gfouSe appear to
select areas for territories mainly on the bagsic of
topography. Topography also appears to affecg the quality of
sites that are Selected for territoriei: Végetative ﬁeatufe§

_ A
‘may affect territory site gquality in some habitats, and

differences among habitats in\;ﬁjs respect m~ he related to
B AN

the amount of ground cover.
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Table 1. Topographic and vegetative characteristics

{Mean * S.E.) of territorial (N = 28) and non-territorial

(N = 10) sites on Lake Road, Hardwicke Island. S%gggext
2

for description of measurements.
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>
Habitat Territorial Non-terr.
characteristic / site site P
Relative height (m) _ 118.5428. 1 14.0£7.2  0.001
Slope (degrees) 45.6+4.3 2.6t4.5  0.000
Visibility within 40 m 51.746. 1 75.0£13.6  0.082
Visibility within 15 m 11.614.2 56.7+¢11.3  0.235
Percent cover . 50.4+3.4 48.145.2  0.723
Dispersion of cover 1.1280.24  1.25%0.26  0.765

*

Dispersion of open areas 1.46+0.22 1.1940.29 0.516
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Table 2. Topographic and vegetatiye characteristics
(Mean *+ S.E.) of preferred—~N = }1) and non-preferred
(N = 15) territorial sites on Lake Road, Hardwicke Island.

See text for description of measurements.

Habitat Preferred Non—preferred
characteristic site site P
Relative height (m) 206.8+61.4 53.1%£12.0 0.034
Slope (degrees) 50.3+8.0 '41,9#5.0 0.362
Visibility within 40 m - 65.0+£9.5 41.5+7.8 0.066
Visibiliﬁy within 15 m 52.1+5.4 32.1+4.8 0.011
Percent cover 42.6*4.4 56.124.3 0.044
Dispersion of cover 1.32+0.23 0.70+£0.21 0.062
Dispersion of open areas 1.30£0.41 1.49+0.28 0.696
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COLOURED PICTURES
Images en couleur

Figure 1. A. General habitat of the study area; numbers

indicate locations of territorial sites. B. Graphic

illustration of the measurement of relative height
{R.H.) of territcrial sites (&, B, C), relative height

being the horizontal distance from the activity center

of the site to the nearest area of egual héight.
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. Concluding Discussion
General . -

A central problem in ecology is to explain how
densities of animals are determined. Many factors, such as
food, weathef, predators,metc., have been postulatea to
1mpose limits on densities of breeders (Andrewartha.and
Birch 1954, Lack 1954, 1966, Clark et al. 1967). Some
workers, ho&ever, have suggested that densities of breeders
are controlled intrinsically through physioclogical,
behavioral, or genetic means (Pimental 1961, Christian and
Davis 1964, Chitty 1967, Brown 1969, Kre/g/}978, 1979{.
These 2 views have been distinguished asQ>h§¥extrinsic and
int;@ﬁ§ic schools of thought. In the latter, intrinsic
mechahisms are believed to maintain densities of breeders
below levels at which extrinsic factors become limiting.

When intri?sic mechanisms are invoked as the means by
which densities of animals are determined, the proposed
mechanism often is said to operate in relation to some
external resource (e.g., Watson and Moss 1968, 1972, Taitt
1981, Taitt and Krebs 1981, Taitt et al. 1981). Also, it
likely is not advantageous for individuals to defend more
resources than are required for survival and reproduction
(Tullock 1978, MacLean and Seastedt 1979, Pleasants and
Pleasants 1979). Hence, densities of most, if ngt all
populations likely are limited, ultimately, by external
factors. Population ecologists th&s appear to be asking 2

questions: 1) what factor(s) limit densities of breeders in

' [P
' o

99 |



100

a specific area or at a specific time (=limitation), and 2)
what mechanism(s) maintain breeding populations within these
limits (=regulation). I will refer to these as limiting
factors and regqulating mecﬁ;;isms, respectively. Often no
distinction is made between them and this can lead to
confusion (e.g., Watson and Moss }970). Collecpively, they
Réxprain ﬁgw densities of breeders within an area are
determined.
Population studies of blue grouse

Blue grouse (Dendﬁagapué‘obSCUPus) have been studied in
coastal *British Columbia since the early 1940's, with the
overall objective being tc exgiain how densities of breeders -
are determined (e.g., Fowle 1944, Bendell and Elli6tt 1967,
Zwickel and Bendell 1872, Zwickel et al. 1983). The
importance of extrinsic factors and intrinsic mechanisms
both have been examined. (e.g., Bendell 1955, Zwickel ang

:

Bendell 1967, Mossop 1971, Bendell et aZ. 1972, Redfield
1972, Zwickel 1972, Bergerud and Hemus 1975, King and
Bendell 1983), with more recent studies emphasiziné the role-
of behavioral mechanisms (Hannon and Zwickel 1979, Lewié,and
Zwickel 1980, Zwickel 1982, Hannon et al. 1983, Jamieson and
Zwickel 1983). Results of these studies suggest that
densities of breeding males and females may be fegulated
independently (Hannon and Zwickel 1979, Lewis and Zwickel

1980, Hannon et al. 1983). In this investigation,‘l studied

. aspects of territorial behavior in males and looked for
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effects of male densities on those®of females. Here, I
_ , ' IS

integrate my results with those of others and discuss how

densities of breeding male blue grouse might be determined. -

”

Background
. . o

Blue grouse are considered to have a promiscuous mating
system (Wiley 1974a, Wittenberger 1978) in which.males
occupy mating- and display-type territories (Bendell and
Elliott 1967); occupancy of a territory is considered
necessary for breeding (Bendell and Elliott 1967, McNicholl
1978). Sites used for territories apparently differ in
quality, with males that occupy the best sites seemingly
Having the best opportunities for breeding (LeQ&s and
.Zwickel 1%80, 1981). =

Althéugh vdcant, low qpality siteé usually, or always,
are availéhle (Lewis and Zwickel 1981), most yearling
(Bendell and Elliott 1967) and some adult (Lewis and Zwickel
1980, 1982, Jamieson and Zwickel 1983, Appendix 1) mafés do
not take territories. Non-territorial males have smaller
testes than adults, but are physiologically able to breed
(Hannon et al. 1979, Lewis ana Zwickel 1980);
non-territorial males thus delay breeding. Densities.of
breeding males will be affected by the number of individuals
that do not take territories, so the reason why some males
defer breeding is integral to understanding how numbers of

&

breeders are determined.
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Evolution of delayed br*eeding in‘ male blue grouse

"Two hypotheses have been éroposed to explain why
dela;ed breeding has evolved ig some male grouse (Wiley
1974a, Wittenberger 1978). Wiley ﬁostulated that risks
associated with holaing a terr{tory and attempting f@ breed
may §%~g§eater for young, inexperienced males'than for older
individuals. He aléo suggested that‘breeding success might
be related ‘to age and experience, w1th older males most
successful He demonstratéd that delayed breeding could
evolvevif early suryival and/or later reproduction were
enhanced by not breeding at the earliest possible age (Wiley
1974b) . | " \

Wittenberger hypdthesized that delayed breeding ;volved
solely as a consequence of sexual selection. He argﬁed that
in species in which female cﬁo;ce of mates occurs, there is
combetition among males for‘agcess to females. Young males,
having less expe?{i:ze, likely would be less successful than
older males in attracting for females and delayed breeding
would evolve.

Both hypotheses predict that any loss of fitness
incurred by postponing breeding would be more than
compensated for by benefits of enhanced future breeding
success; }ifetime breeding success thus would be maximized
(Selander 1965). A third hypothesis explaining the basis for
delayed breeding, but which is-untestable, has been proposed

by Mason (1979). He suggests that prolonged immaturity is a
[

<4 . s
mechanism that promates phenotypic flexibility which in turn
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* o
is "the mainstay of the evolutionqry process”.

Yearli&@ males do not exhibit the full range of
courtship behaviors shown by adults when they interact Qith
females (Jamieson 1982), thus they iikely would not be
successful in competition with adults fbr females. Th%&@f
supports witteanEger's hypothesié. However, if‘mé%es delay
breeding primarily as a consequence of sexual seleétion,
most, if not all, yearliﬁbs should take territories when-
adults are removed. Some yearlings did take territo;ies when
I removed adults but many others did not. As well, some
»yearlings have home ranges that encompass only Vacant
territorial sites (Jamieson and Zwickel 1983). If
Wittenberger's hypothesis was éorrett, yearling males that
exhibit this spatial pattern should have taken territories

]
on vacant sites, since they likeiy would settle in the same
areas as adults (Sopuck 1979, J%mieson and Zwickel 1983).
Thus, it seems unlikely that deiayed breeding evolved in
‘male blue<§rouse solely as a consequence of sexual -
selection.

In attempting to refute Wiley's hypothesis,
Wittenberger assumed that there were no risks associated’
with territorial and breeding activities. He cited
experiments in which yearling male blue grouse took
territories when adults were removed (Bendell and Elliott

1967, Zwickel 1972, Bendell et al. 1972) as providing direct

support for his hypothesis.
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When(he assumed that/ﬁhere were no risks assoclated
with territorial and brééding ictivities, Wittenberger did
not consider that areas usea.?or'territories might differ 1in
quality. Currént evidence indicates that sites used for
territorieg do differ in quality (Lewis and Zwickel 1980,
198{), and survival >¥ residents apparently 1is related
direcély to the quality of site that is occupied (Lewls and
7wickel 1981, 1982). Differences in survival of reéidents on
high and low quality territorial sites might result from
differences innthe tqpography and vegetative structure of
these areas (Lewis 1981, 1984a). Non-territorial males thus
risk higher\mortality if they take territories on vacant,
poor quality areas. In addition, because males tend to
remain on the same térritory for life, the increased Tisk of
mortality associjated with taking territories on poor areas
early in life would persist into the future.)Early breeders
also could suffer/higher mortality than older males due to
lack of experience, irrespective of the quality of
terriforial site that is acquired, but information needed to
test this possibility is not now available for blue grouse.
There is evidence, however, that non-territorial males
survive as well as territorial males (Lewis and Zwickel
1982, Appendix 1), and hence there are no apparent costs
associated with not having a territory; this contrasts with
reports .for red grouse (Lagopus lagopus scot icus) ‘in which

non-territorial birds suffer high rates of mortality (Watson

1964) .

gl
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Males on high guality territorial sites also may have
more opportunities for breeding than-thgse on poorer areas
as females are seen qear them more frequently (Lewis and
Zwickel 1981, Lewis 1984b). Differences in amount of‘time
spent hoot'ing (singing) by males possibly affects their
success in attracting females, and males on high quality
sites may hoot the mogt (Lewis 1984b). Differences in
behavior among males therefore, may affect success in
attracting females, and this could in part be related to age
and experience. Whether attracting more females results in
greater breeding success has not been determined, so it is
not possible to draw definite conclusions regarding
differential breeding success of males on high and low
quality territorial sites at this time.

I suggest that male blue grouse delay breeding because
early 5urvival and possibly lqter reproduction are enhanced
by doing so, as suggested by Wiley (1974a). Increased risks
and lower potential for breeding.associated with breeding at
an early age appear to be related to inexperience and
quality of te:ritorial sites that wbuld‘bé obtained. The
relative importance of tﬂ;se factors may differ depending on
age; e.g;, yearlings may delay breedihg primarily because of
increased risks arisjng from inexperience whereas young
adults may not take territories mainly because they are
unable to obtaiﬁ high‘quality sites. In both of my removal
experiments, most replacement males were adults, and no-

adult was known to remain non-territorial when high quality

’ o
=~ <
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sites were available.

What determines densities of breeding male blue grouse?
Many workers have examined the rdle of territorial
behavior, and other forms of spacing behavior, in regulating
densities of breeding animals (e.g., Hinde 1956, Brown 1969,
Watson and Moss 1970, Klomp 1972). Territorial behavior may
play a role in requlating densities of breeding mﬁge blue_

grouse, but other behaviors also appear to be involved.

Most high quality territorial sites are occupied each
year and territorilal behavior by resident males prevents
additional males from settling on these areas. Excluded
males must either settle on low guality sites or remain
non-territorial. Their choice may depend on their behavior
as yearlings. For instance, Jamieson and Zwickel (1983)
found that yearling males exhibit different patterns of
movement and they postulated that some associate witﬁ a
limited number of high quality territorial sites (Type A
pattern) and that others localize around low quality sites‘

(Type B pattern). Type A,y€arlings would be more likely to

obtain high quality terfitorial sites than those of Type B.
However, since'ma es on high quality sites survive better
than those on poprer areas, the pzpbabilify of territories
becoming vacant{within the home range of Type A yearlinés is
relatively low. Thus, both costs and benefits of Type A
patterns are higherNthan those of Type B (Jamieson and

Zwickel 1983). The number of young adults that delay
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breeding therefore, may relate to the number of yearlings

9

that adopt Type A patterns, and that subsequently are unable
to obtain a territorial site in the area they occupied as a
yearling. Behavior of both yearlings and adults thus appears

X
to be part of the mechanism that regqgulates densities of

breeding males. Individugl éggressiveness may not be
important in this‘prOCess as'playback éxperiments indicated
that qualit; of territorial sites was %ot correlated wigh
relative aggressivenessxof residents (Lewis 1984b).
Aggressiveness of residents and territory size also does not
appear to be related (Lewis 1984c), which again di.fers from
f{ndings on red grouse (Watson and Miller 1971). Bergerud
and Hemus (1975) found a direct relationship'between
territory size and aggressiveness of residents in.another
population of blue grouse. However,Atheir ﬁestimates" of
territory size were home range lengths, not areas, and their

numbers of locations per male were much smaller than the

_numbefs of observations I had available.

What ultimately limits densities of breeding males?
Brown (1969) -suggested that non-breeders or "surplugf_birdsgs
should not be present in populations unless all optimal and/
marginal habitats are ii}led. If ﬁon—breeders are present
suitable habitat may beilimiting. High and low quality
territorigi sites seem equivalent to optimal and marginal
breeding ﬁabitat for male blue grouse, yet some males do not
take territories (are non-breeders) gyen’though suitabie,

but low quality, areas always are available. Thus,

N
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availability of suitable sites for territories would not
seem to be limiting densities of breeding males. However,
high and low guality territorial sites differ vegetationally
and topographically in ways that might affect survival and
treeding success ef residents (Lewis 1981, 1984a). If
breedlng is limited to males on high quallty sites,
densities of breeding males may be limited by numbers of
high quality sites present. If this is not the case,
however, their availability likely is not the ultimate
factor that limits densities of breeding males.

Numbers of territorial males at Lake Road on Hardwicke
Island dropped from 28 in 1880 to 17 in" 1982, Even with a
39% decrease in numbers of territorial males, some adults
still delayed breedimg (Appendix I).'Perhaps numbers of
adults that delay breeding are related to numbers of females
(i.e., potential mates). Alternatively, they may be related
to the potential for breeding, which would be related to
both numbers of male competitors and females. When male
density was reduced artificially, no effect on female
den51t1es was observed (Lewis 1984d). However, the converse
experlment which would test for éffects of female dens1t1es
on males, has not been undertaken on blue grouse, as it has
beem on the monogamous willow ptarmigan (Lagopus lagopus)
(H%%non 1983). If mechdnisms that regulate densities of
territorial males operate in response to densities of
females, the factor(s) within éhe habitat that limits female

densities also may, ultimately, limit densities of breeding

[
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males. ) ‘

In summary, a combination of territdrial behavior by |
adults and movements and behavior of yearlings appeafs‘éo be
the proximate intrinsic mechanism that requlates densities |
of breeding male blue grouse. This regulatidn is achieved in
part through the-procesé of delayed breeding. The extrinsic
factor(s) to which this mechanism %Fsponds, and that
ultimately limits densities of breeding males; is less well
understood. Densities of females, and the factor(s) limiting

S

"their densities, may be important, however.:

AN
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Appendix I: Further evidence of non-territorial adult male

blue grouie

Until recently it was believed that all adult male blue
grouse (Dendﬁégapus obscurus) held territories (Zwickel, J.
Wildl. Manage. 36:1141-1152, 1972). However, it now hés been
reporteé that non-territorial adult males (2 two years of
age) are present in populatioﬁs in coastal British Columbia
(Lewis and zwickel, Can. J. Zool. 58:1417-1423, 1980;
Jamieson and Zwickel, Auk 100:653-657, 1983).
Non-territorial males are presumed to be non-breeders
(Bendell and Elliott, Can. Wildl. Serv. Rep. Ser. 4, 1967;
McNicholl, Ph.D. thesis, Univ. Alberta, Edmonton, Alberta,
1978), and their presence raises questions that relate to
the problem of expla{niﬂg how densities of breeding males
are regulated. Here:rl present further evidence for the
existence of non-territorial adult male blue grouse aﬁd
provide information on their abundance within breeding
areas. | |

I conducted an intensive study on aspects of
territoriality in male blue grouse froq‘1980 through 1982 on
a 95 ha area on Hardwicke Island (50°27'N, 125°50'w)ﬁ
British Columbia. I searched almost daily throughout the
spring and summer to locate territorial males, these being

individuals that were localized on small areas and that were

heard hooting (singing) (Bendell and Elliott, 1967;

117
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McNicholl, 1978). I believe I found all such males each
year , of which over 80% were individually color-banded.
These males were found repeateaiy to establish the locgtions
and extents of their territories.

Numbers of territorial males declined from 28 toh17
between 1980 and 1982% and all that were banded were adults.
In addition, four marked adults in 1980 and two in 1981,
were considered non-territorial. Three of these were seen
only once but classified as non-territorial because they
were capturéd on territories of other males during
non-migratory periods. The other three were seen between
three and eight times, and their movements were far ranging
and similar to those of non-territorial yearlings (Sopuck,
M.Sc. thesis, Univ. Alberta, Edmonton, Alberta, 1979;
Jamieson and Zwickel, 1983). Ahother male, banded as a
yearling in 1980 and not seen again until 1982, probably was
non-territorial in 1981 because, in that year, all
territorial males on and adjacent to the site on which he
settled in 1982 were identified; on the rare occasions when
males, do change territories from one year to the next they
usually move to adjacent sites (Lewis and Zwickel, Condor
83:171-176, 1951).

In 1982, I removed original occupants and subsequent
replacéments,from 14 . territorial sites. Six of 10 -
replacements were adults that were banded as yearlings in
1981. Five of these had been seen one to four times in other

locations prior to settling on re fval sites. In the absence

N
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of my removal experiment I believe that most of these birds
would have remained non-territorial thrpughout 1982 since
they took territories only after original occupants were
removed. Thus; non-territorial adults wére present each year
even though the number of territorial males was declining.

Four of the six adults identified as non-territorial in
1980 and 1981 éccupied territories 1in the subseqﬁént year;
all on sites on which they had been seen the year before.
This is similar to reports that new territorial adults
usually settle on sites within the area of their yearling
home ranges (Sopuck, 1979; Jamieson and Zwickel, 1983).
Although sample size is small, the mortality (disappearance)
rate of non-territorial adults 6n Hardwicke Island was
relatively low (2/6), as on &ancouver Island (Lewis and
Zwickel, Can. J. Zool. 60:1881-1884, 1982).

Non-territorial males are not as easily identified as
those on territories. This makes it difficult to determine
precisely the percentage of young adults that are
non-territorial. However, seven of eight males that first
took territories during {981 and 1982 had been banded
earlier, and four were three years of age or older.
Additionally, four of 10 males that were radio-tagged as
part of another study on Hardwicke Island were
non-territorial at two years\of age (Jamieson andOZwickel,

1983). Thus, a substantial proportion of YOung adults appear

‘not to participate in breeding. Why some adult males do not

take territories, although vacant territorial sites always

o~
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exist (Lewis and Zwickel, 1981), is a crucial question if we

are to understand how densities of breeding males in this
-

species are regulated.
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Appendix II: Territorial sites of pallid blue grouse,

Dendragapus obscurus pallidus

There are eight subspecies of blue grouse (Dendragapus
obscurus) (Johnsgard 1983), which often are separated into
two general groups: coastal (the fuliginosus group) and
interior (the obscurus group), eacﬁ consisting of four
subspecies. These groups differ in several behavioral and
morphological respects (Table 1).

I studied aspects of territoriality in a coastal
subspecies of blue grouse, D. o. fuliginosus, from 1977 to
1983, mainly in areés that were in various'stages of

ﬁ;'%generation following clearcutting (Lewis 1981, Lewis and

| ‘ickel 1980, 1981, this thesis). Sitgs used for territofies
appeared to be selected primarily on the basis of
topographic features (Lewis 1984), and wéré distFibuted
uniformly (Lewis and Zwickel 1881), |

For three weeks in May 1983, I studied an interior

subspecies, D. o. pallidus, in north-central Washington
State and here report én findings relating to territorial
site selection by males in thiéxarea. Most interpretations
:nd comparisons with D. o. fuliginosus are qualitative as

»s5t data from Washington State\were not collected in
sufficient detail to permit quantitative evaluations.
1 searched for territorial males in three general

habitat types in Washington State: 1) coniferous forest
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consisfing primarily of Ponderosa pine (Pinus ponderosa) and
vDouglas fir (Pseudotsuga menziesii), 2) open shrub-grassland
consisting primarily of Aﬁtemeia tridentata, Pufshfa
tridentata, and native bunch grasses (Agropyron spicatum,
Poa secunda, and Festuca idahoensis) with widely scattered
thickets of taspen (Pobulus tremuloides) or conifers, and 3)
forest-shrub-grassland ;dge which commonly had layge open
areaé interspersed among patches of conifers..I ound
territorial males mainly by listening for their gé&iing
(éinging), and searching was concentrated in the mornings
and evenings when incidence of hooting was greatest.

Territories in coniferous forest ;nd forest-shrub- ~
grassland edge generally‘were located in areas where
openings were present. Similarly, territories of D. Q.
fuliginosus tend to be associated with open areas (Bendell
- and Ellfott 1966, 1967, Lewis 1981, 1984). in open
shrub-grassland most, but hot all, territories had trees
nearby (Figure 1). Territories here often were grouped
around thickets of aspen or conifers, 5uggegtingbthat these
areas may be preferred by territbrial males. However, not
all'aspen or conifer thickets had territorial males
associated with them (Figure 1),

Twenty-five of 37 territories in Washington State were
located on hills, knolls, or ridges. Terfitbries of D. o.
ful iginosus also tend to be-associated with elevated areas

v N .
(Bendell and Elliott 1966, 1967, Lewis 1981, 1984). The

~” .
apparent preference for elevated areas, however, did not
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appear to be as pronounced in D. o. pallidus as in D. o.
fuliginosus. Territories in Washington State that were not
on elevated areas typically were located near thickets of
trees. Thus, trees may be an important comﬁonent of
territories in these habitats (Martinka 1972), even theugh
all territories did not have trees near them (Figure 1).

Thus, territorial site selection by D. o. pallidus
generally appears similar to that of D. o. fuliginosus; that
is, territories tend to be on open, elevated areas. However,
vegetative characteristics may be more important in
territorial site selection in intetior habitats than in
coastal areae. As well, territories in coastai‘areas were
dlStrlbUted uniformly (Bendell and Elliott 1967, Lewis and
Zw1ckel 1981) whereas in open shrub-grassland in Washlngton
State they tended to be clumped (R = 0.867, Clark and Evans
1954), although not;sighificantly so (c = 1.57, p4> 0.05)
(Figure 1). This tendency toward.clumping appears to result
from males preferentially selecting territories“qear or
adjacent tobthickets of trees (Figure\1)

Quality of territorial sites in coastal Brltlsh
Columbla was related primarily to topographlc
characteristics, with vegetative features belng‘of secondary
importance (Lewis 1981, 1984) If vegetative features are
more 1mportant in territorial 51te select1on in" 1nter10r )
habltats than in coastal habitats;, this ra1ses questlons
reiating to which features affect territorial site quality 
most in the interior. Answering these quest{ons l;kelygwouldh

) |
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add greatly to our understanding of territorial site

selection in blue grouse.
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Table 1. Behavioral and morphological differences

between coastal and interior subspecies of blue

grouse.

_“_..____._.__.____,____._.__—..__~__._~__.__,_._._____-—_______.___.__._..__‘,_.__._.

loudness of hooting (song)
frequency of flutter fliéhts
color of cervical apteria
number of rectrices

-

preséhce of tail band

e e e o e e e e e e S S — e T

+ with the exception of D. 0.

frequent
yellowish
usually 18

present

infrequent
reddish

usually *20%*

absent or

indistinct*

obscurus which has

a wide, distinct tail band and usually 18 rectrices.
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500 m

Figure 1. Vegetation types and location (X) of areas where
individual males usually were hooting on Frazer Creek,
Washington State, 1983. Darkly and lightly shaded areas
are conifers and aspen, respectively. Agricultural
fields are outlined with dashed lines. Unmarked arees
are open—shrub—grassland, primarily composed of
Artemisia tridentata, Purshia tridentata, and native

bunch grasses.



