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ABSTRACT

Movements, home ranges and habitats used by 24

female Sharp-tailed Grouse (ped.ioecetes phasianelluP-

(Linnaeus) ) brere determined using radio telemetry during
the breeding seasons of L976 and L977, near Chatfield,
Manitoba.

During the pre-incubation period some femares moved

long distances (x- = 1.51 km) from capture arenas and

visited other arenas. These females had signi-ficantly
larger home ranges than presumed non-dispersing birds.
Habitats were not used. at this time relative to their
availability. Forest and shrub habitats were used most

often. Nest sites had taller, denser shrub cover than

rand.omly sampled. sites in the same habitat type.

rncubating females moved short distances (<r50 m) from

nests to feed and used the s¿Ìme feeding sites repeatedly.

Home ranges of brood-rearing females were significantly
larger than broodless females. Females with broods used

mainly grassland,s or grass-shrub areas. Broodless

femares used shrub and forest areas most often. Habitat,s

were not used in proportion to their availability by

either group. There v/as a significant difference in t,he

density of cover used during the day by brood-rearing

femares. open areas were used in mornings and evenings,

.'. :.'



I 
j r:ij..j.lrt!

l- l-

dense cover at mid-day and moderately dense cover at
night roosts. Brood sites seemed to be selected in
relation to cover and site t,eÍrperature.

Dispersal, home range overlap and the effects
of weather on home range, movements, and cover and

habitat selection are also discussed.
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INTRODUCTTON

Animals seek optimal environmental conditions.

This behaviour has been equated to shelter seeking and

is associated with selection of particular cover or

habitat types for different activities (see Leopold.

1933). Studies of habitat use in birds indicate;
selection is based on the structure or physiognamy of
the habitat (MacÂrthur and. MacArthur 1961, Hilden 1965).

Therefore, knowledge of the hei-ght, form and spatial
d.istribution of the vegetat,ion is essential in under-

stand.ing the ecological requirements of a species.

Plasticity in habitat requirements has been

illustrated in several species of birds (Lack Lg72).

The Sharp-tailed Grouse (Pedioecetes phasÍanellus) is
considered an inhabitant of the grasslands, forest-
prairie ecotone, and deciduous forests (Aldrich L963,

Johnsgard and gtood 1968). Vtork over the last 30 years

has provided. general information on the habitat require-
ments of this species in various parts of it,s range

(eldous L943, Grafige L948, Hart, et al. 1953, Amman L957

and others). EVans (1968), in reviewing Sharp-tailed

Grouse habitat requirements, noted that habitats
selected vary with seasonr agê, and sex of the individuals
examined.



In the Canadian Prairie Provinces Sharp-tailed

Grouse are abundant, permanent residents (eldrich and

Duvall 1955, Ald.rich 1963). Most studies of this
species in Canada have been of the behaviour of males

(Lumsden 1965, Evans Lg6g, Rippin and Boag L974 a, b).
Little informat,ion is available on spring and summer

habitat requirements (Pepper L972') . Pepper (op. cit. )

provided data on habitat requirements of Sharp-tailed

Grouse in a grazed. and farmed area of Saskatchewan

which he consid.ered lacked sufficient optimal habitat.
Information on pre-nesting habitat requirements

of females is virtually non-existanÈ (but see Marsha1l

and. Jensen 1937). Furtherr Do published information

relates habitat use to availability in an area. post-

nesting habitat used by broods has been described

(emman L957, Peterle 1954, Hamerstrom 1963) although

the data may be somewhat biased due to searching

techniques and behaviour of broods (see Baumgartner 1939).

The early studies of Sharp-tailed Grouse movements

relied on banding, colour-marking and recapturer of,

re-sightings (Hamsèrstrom and Hamerstrom 1951, Jackson

and Henderson 1965, Schwilling 1961, Robel et al. L9721.

These studies provided limited data and were most, useful

in d.etermining dispersal patterns of particular individuals.
Hamerstrom and Hamerstrom (1951) noted that sunmer move-

ments of Sharp-tailed Grouse are essentially unknown.

i::r:
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Nesting studies indicated that femares moved only short

d,istances from arenas to nest (Hamerstrom 1939, Symington

and Harper 1957). This prompted. Blus and Vüalker (1965)

to suggest that females must use availabre habitat crose

to arenas for nesting even if it was poor in quality.
Robel et al. (1970) showed that female Greater prairie

chicken (Tympanachus cupido) made inter-arena movements

and are therefore not, limited to nesting around a

specific arena. since Hamerstrom and Hamerstrom's (1951)

import,ant study on movements, Artmann (1970) and

christenson (L97L) have provided rimited data on home

ranges and movements of femare sharp-tailed Grouser but
Johnsgard (1973) reported that information on these

aspects is still inadequate.

Animals' home ranges and movement patterns depend

on both behaviourar responses to their oÌÂrn or other species

and on characteristics of the available habitat (tvtoen 1973).

In tetraonids, knowled.ge of habitat requirements, home

range and movement,s is essential to understanding the

ecology of the species and to permit their management

(Archibald 1975).

Hamerstrom et aI. (L952) have indicated that, Sharp-

tailed Grouse flourish in areas of bushy cover undisturbed

by agriculture. With this in mind, it was determined

that in an agriculturarry undisturbed area of Manitoba

studies using radio-telemetry courd contribute information
on many aspects of Sharp-tailed Grouse biology.



The

for female

frorn arenas

during and

home ranges

objectives of this study were to determine

Sharp-ta.iled Grouse: (1) dispersal patterns

to nest sites, (2) habitat use prior to,
after nesting, and (3) daily and seasonal

and movements during the breeding season.



STUDY AREA

Location and Physiography

The study was conducted in a 27 km2 portion of
the Narcisse wildrife Management Area near chatfield,
Manitoba (50047' N, g7os4' w), in the ïnterrake Region,

90 km north of lfinnipeg (Fig. 1). Agricultural history
and. development, of the wild.life management area are

described by Collins (L974).

The centrar rnterlake is a relatively frat remnant

basin of glacial Lake Agassiz (Weir 1960). The study

area lies along the centrar ridge portion of the region
(elevation 275 km) wíth the land sloping gentry east and

west towards Lakes vtinnipeg and Manitoba, respectively.
Lying across the general direction of the landfall is a

ridge and sware topography oriented. in a north-west and

south-east direction resulting in poor drainage (pratt
et aI. 1961).

Geology and Soils

The underlying bedrock of the region is Silurian
dolomitic limestone of the fnterrake Group (Bairlie 1951).

Near chatfield exposed outcrops have been assigned to

l.:. r r:::



Figure 1. Study area (outlined with broken line)
with insert showing location of

Chatfield in southern Manitoba.



the fnwood formaÈion (Stearn 1956). A surface mantle of
water-modified glacial t,ill covers the bedrock. soil
coverage is variable; thin and. stony on ridgetops and

thicker in swales.

Near chatfield soil types have been assigned to the
Garson association and consist of gray wooded, dark grayt
or peaty meadow soils (pratt et ar. 1961). soils are
generally thin (8-30 cm) r stony, high in lime content
and. imperfectly drained.

Climate

The rnterlake has a sub-humid continental climate
with large seasonal temperature ranges (Ìfeir 1960).
Average stunmer temperatures are 15 c for June and 19 c
for July. Mean annual precipitation is 50.g cnrr with
half of this occurring as rain d.uring spring and sunmer.

The. frost free period ranges from 90 to 100 days.

Vgggtat.ion

chatfield is in the Manitoba Lowrands section
of the Boreal Forest Region of canada (Rowe 1973).
Mixed forest predominates on undisturbed sites with
adequate soil depth. The ridge and swale topography
give rise to upland and. lowland vegetation communities.
The most frequently occurring plant species in the

j:;:,:: ]

i . ì :t;: r:; ,: ì'



Narcisse Vfildlife Management Area are described by

Collins (L974) and Rusch et al. (L97Gt L97B). Scientific
names follow Scoggan (1957).

Trembling aspen (Populus tremuloides) is the

dominant tree species. Bur oak (euercus macrocarpa) and

white spruce ('Picea glauca) grow in scatt,ered. stands on

well drained sites or ridgetops. Balsam poplar (pgpg_lg=_

þglsamifefq) is present in low, moist locations. High

lime content of soils and repeated fires have resulted in
stands of stunted aspen over much of the area (pratt et al.
1961). The patchy stands of scrubby aspen give the
chatfield area the appearance of aspen parkrand (Bossenmaier

and. Voge1 L974).

shrub species on upland sites incrude saskatoon

serviceberry (Amelanchier alnfrlie), chokecherry (prunus

virginiana), rose (Rosa spp. ), shrubby cinquefoil (potentilla
fruticosa-), canad.a buffaloberry (shepherd.ia canad,ensis),

western snowberry (symphoricarpcis occidentalis), creeping
juniper (Juniperus horizontalis), and. bearberry (Arctosta-
phylos uva-ursi). fn poorly drained areas or swales the
common shrubs are willow (salix spp. ), high bush cranberry
(viburnum trilobum), dwarf birch (Betula grandurosa), and

red-osier dogwood (golnus stolonifera).
Upland grasses are predominantly needlegrass (Stipa

spp. ), wheat grass (Agropyron spp. ), bluegrass (poa spp. ),
and. big bluestem (Andropogon gerardi). Reed grass

(caramagrostis spp.) and wild rye (Erlzmus canadensis) Ì^rere

t.:a



present in moist meadows and. woodlands. Several

cultivat.ed hayfields and. seeded trails also occur in
the study area. They have been planted to sweet clover
(Medicago satj-va), alsike clover (Trilfo]ium hybridum)

and intermediate ¡¡heat grass (Agropvron intermedium) .

The dominant emergents of marshes are cattairs (Typha spp. ),
and sedges (Carex spp. ).

Fauna

The avifauna of the area has been described by

Taverner (1919), Norman (]g2o) and cuthbert and sexton

(L976). Potential avian pred.ators that occur as migrants

or residents include Goshawk (Accipiter gentilis),
Cooperrs Hawk (â. cooperii), Sharp-shinned Hawk

(ð. straitus), Marsh Hawk (CircuF hudsonius), Rough-

legged Hawk (But,eo l-agopus), Red-tailed Hawk (S. jamaicen-

sis), Broad-winged Hawk (8. pIaÈypterus), BaId Eagle

(Haliaeetus leucocephalus), Great Horned Owl (Bubo

vj-rginianus), and snowy owr (Nyctea scandiaca). potential

egg predators are Crow (Corvus brachyrhyng-hos) and

Black-billed lvtagpie (pica pica) .

Rusch et aI. (L976, L978) report on some of the

predatory mammars in the area. personar observation and

communication with rocar residents accounted for several

others. They include coyote (Canis latrans), fox
(Vu1pes vulpes), short-t,ailed weasel (Mustela erminea),

mink (Mustela vison), badger (Taxidea taxus), and striped
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skunk (Mephitis mephitis). Thirteen-lined ground
squirrels (Spermophilis tridecemlineatus) were also
present and are known predators on grouse eggs (patterson
1952) .

i,,:::.::1-
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METHODS

Seasonal Aspects

The study was conducted. from early April through
mid-August, in L976 and L977. This period incrudes
much of the breeding season of sharp-taired Grouse at this
latitude (Artmann r97o). rn this study r divided the
breedi-ng season into several periods. pre-incubation is
the period from when the femares were released following
capture aË arenas unt,il incubat,ion sÈarted. rt includes
a pre-egg stage, the inÈerval up to raying the first êgg,
and the egg stage, from laying the first egg to the onset
of incubation. These periods were determined for each
individual by backdating from Ëhe first day of i-ncubation,
knowing that eggs are laid approximately each day and
allowing two days for d.ays missed. (Artmann 1970,
Johnsgard 1973, Maxson Lg77). The incubation period
extends from the onset of Íncubation untir the rast egg
of a clutch hatches. post-nesting is from hatching
until late .â,ugust when brood.s begin to disperse (Artmann

L970, christenson 1971).

The post-nesting period was d.ivided into two
stages for comparative purposes. young sharp-taired
Grouse depend on the female for some time after hatching



L2
(Caldwell 1976). Flight is not achieved until they are
about 10 days old (Hart et al. 1953). Christenson (1971)

suggests the first two weeks of life are critical for
young sharp-tailed. Grouse, since most mortality occurs
at this time. r examined movements and habitat use

during the time when chicks were less than two weeks old.

to see if they differed. from the remainder of the brood

rearing period.

Trapping and Banding
,i-. .':.

i-.:,.., .

Locations of arenas (sensu Hjorth LITO) were known

from previous work in the area (rig. 2) (M. Gillespie, :

perS.comm.,McKayand'Carmichaelr97o).Iobserved

arenas 2, 3 and 7 for severar mornings beginning in early
April. Areas where females concentrated, their approaches l

to arenas, and approximat,e rocations of dominant males'
territories on the arenas were recorded. Modified lily-
pad or walk-in traps with short leads ( . 3 m) râ¡ere placed. 

;,,,,.,.across these approaches (Hamerstrom and Traux 193g, 
..., ,:

Liscinsky and, Bailey 1955). T$ro opposed rocket nets ""'i,r

were used on the two largest arenas in the study area.

Each net was 18 m by 12 m, properled by four rockets
charged with solid fuel and activated by a 50 cap blasting i ;i. ,

:: : i ..

machine situated in the blind. The nets h¡ere praced to
cover areas where females concentrated t ot the territories
of dominant males.
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Figure 2. Locations of arenas in the Narcisse

Wildlife Management Area. Numbers

correspond t,o those used in text,.
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Incubating females whose rad.ios v¡ere to be

changed. hrere captured by frushing them into a mist net

erected in a rV' shape five to I0 m from the nest.

Females with brood.s were caught in cloverleaf or lily-
pad traps (Liscinsky and Bailey 1955, Gullion 1969).

Captured Sharp-tailed Grouse were sexed using

crown and. rectrix feather patterns (Amman 1944,

Henderson et aI. L967). Attempts to age birds using

Vtright and Haitt's (1943) primary feather wear technique

were abandoned. early in the study. All bird.s captured

showed worn out,er primaries. Also, trapping method.s,

especially rocket netting, often damaged the tips of
bird.s' primaries. Each grouse was banded with a

numbered. aluminum butt-end leg band (except for very
small chicks) and released where captured.

! ::,:: ::': I ::

Radio Telemetry

Rad.io telemetry has been used for various studies 
:,,,.,i,,.'.':,:,.'.Ì,
':'.'ì.....-.'..of galliforme birds, including sharp-tailed Grouse ;:,,,,,r,r,'¡,,

(Artmann Lg7o, Bernhoft 1969, Brown 1966, christenson l::::.i::::;l

L97L, McBwen and Brown 1966, Moyles Lg77). McEwen and

Brown (gp. cit. ) and Robel (1920 a) suggest that . -

i., 
' 1:tj.,rijr:

instrumented grouse are no more susceptible to predation iì:r'irrir:'i:i:rij::

than unmarked birds. Bowman and Robel (Lg77'), Dumke and

Pils (1973) and Mech (L967) have indicated its usefulness

for stud.ying predation and assumed their results are not
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biased by the affects of the transmitter. Boag (Lg7Z)

found that instrumented and non-instrumented Red. Grouse

(l,agopus lagopus scoticus) made similar use of different
habitat types under captive conditions. He ãoes

indicate the bird,s took up to one week to become con-
,;;,t.,;,t,:'d.itioned. to the transmitter

Twenty-four female Sharp-tailed Grouse were

equipped with continuously emitting rad.io transmitters 
:. .: .:.,:

inthe150-151MHzfrequencyran9e(Appendix1)
:'

Transmitter components of the sM 1 type d.eveloped by AVM 
l,,:.,,..,,,.i
.:t.:.:..i

fnstrument Company, Champaígn, Illinois, lvere used

Mallory RM 640 mercury batteries provided the power source. 
:

Twj.st-f1exstain1essstee1d'enta1wire(variousdiameters)
I

served as antennas. components were assembled., coated in 
.

liquid latex and. given two coats of S-minute epoxy cement
l

Harnessing t,echniques followed Brander (1969) with 
I

some mod.ifications of Dumke and pils (1973). Transmitters
used. in 1977 had the harness modified further by passing

22 gauge copper wire through poly vinyr chroride tubing 
1,,.r,r,,,,, ,

and soldering one end to the positive battery tab. This ' ''
,., .., . .facilitated better attachment to the grouse and improved ':' ' :l

the range of the transmitter (Herzog Lg77). Transmitter
weights ranged from 19.8 to 22.5 g and all were less
than the recommended maximum 4t of the average female,s ..'.r,:'.:::.

body weight (Anon. 1975). Further, the heaviest trans-
mit,ter weighed less than 4È of the lightest female

weighed. during the study. .
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To permit easier hand.Iing of grouse during
instrumentation a d.ark hood made of porous cloth was

placed over the bird's head. This reduced the birdrs
struggring and permi-tted both hands to be used. to fit
the t,ransmitter to the grouse 

t,:,,,
The locat,ions of grouse vrere monitored. using an

LA 12 portable receiver (AW{ Co.). This unit had

LZ channels and three bands permitting up to 36 trans_ 
¡,,,...,mitters to be used. per given area. Three types of ,.,,-,.;'' :

antenna systems vrere employed to track birds. A hand- 
-.,,,,-,:

held three element antenna was used most often. The

invest,igator warks in the d.irection of increasing signal
Istrengthandpinpointsthebird's1ocationwithoutdis-

turbing it. By approaching the site from two directions, 1

approximately 90o apart, the location can be determined. .

I

to within one or two meters. The hand.-herd. antenna i

method provided over 908 of rocations of grouse in this l

study- rts range was about one km for birds on the

; .i;::i.:-.'
gfOUnd. 

_ ,,,1,1,r,j.A triangulation method was also employed (Marshall 
,-i,,,,,,

and. Kupa 1963). A twin four-element directional yagi ,',.'.,'

antenna on a vehicre-mounted., six meter terescoping mast

was used. The intersection of two compass bearings taken
at right angres to the location of the grouse was used to l.i.ri..i

determine position. The range of the directional antenna

was approximately two km.
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once a cessna lg0 aircraft with a four element
antenna attached to each wing strut was used. to locate
grouse (Anon. 1975) . At an altit,ude of 320 m the
maximum range a sígnal could be distinguished. was about
12 km. By making severar passes over an area at rower
alt'it,udes the locat,ion of a grouse was ascertained. .'

Ground checks after Ëhe fright pinpointed the birdsf
positions.

Each grouse was rocated at least twice and up to
four times daily on most d.ays during the study.
Locations were plotted on 6. 13 cm to one km aeri.al
photographs of the study area. These locations were
used to d.etermine home ranges and to relocate sites for
habitat analysis. Home ranges $/ere determined using the
minimum home range method. of Mohr (Lg47). Areas r^/ere

calculated from air photos wit,h a compensating polar
planimeter. Minimum daily distances t,ravelled equalled
the distance in a straight line between daily locations
(nobel et al. 1970). Where several locations hrere made

in a day, the d.aily distances were the sum of the straight
lines that connected. all of these points (God.frey 1975).
several times throughout the study individual femares
v/ere monitored on an hourly basis from dawn-to-dusk to
further elucidate daily movement patterns.



Habitat Use

Each location of a grouser determined l:y radio
telemetry, was assigned to one of eíght habitat types

based on descriptions by Pepper (L972) and. Moyles (L977). ..,i,,,':
These rocations are arso referred to as activity sites.
The habitat types are:

I) hayfield - sov¡n to grasses and forbs suca as 
:;,:,jj,,..,:

alfalfa and srveet clover l:,,,,,'.

2) grassland * dominated by native grasses and ii,.,,.
forbs 

l3) grass-shrub - a mixture of grasses, forbs and.

low shrubs (. I m), grasses and
'

forbs form over 508 of the i
a

vegetative cover

4) shrub - dominated by 1olr shrubs (. I m) 
l

5) tall shrub - woody shrubs or saplings (t I m) l

I

(sapling) Uut (. 3 m) high form over 50å

of the cover at the site ,,,,r.
'6) open forest - trees (t 3 m) high are dominant, ,,;,,,, .,,

canopy crosure (estimat,ed) less ''i''.':""

than 308

7) closed forest - d.ominated by trees, v,'ith a 
iir,irìé;:ìrì

canopy cover (estimated) greater ¡r¡ 1;' .

than 30t

8) marsh - dominated by wetland vegetation, i ,

standing water often present

.:.
i:11:ì,:Tii=

18
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A cover map using the above habitat types was

constructed from a 1:60r000 true-color aerial photograph

of the study area (Sexton and Dixon l97g). Home range

maps in the text are plotted over portions of the cover
map. The cover map hras also used to determine habiÈat
availabitity (Moyles, L977).

rn discussing habitat types with reference to
instrumented femare grouse, r refer to open and crosed
habitat or cover types. open cover is that habit,at with
an open overstory and includes hayfields, grasslands, and

grass-shrub areas. closed cover refers to sites with
closed overstory or canopy where branches touch. This
generally includes shrub, tarr shrub and forest habitat,
types. Marshes are not included in either class but are
referred to directly.

Habitat Analysis

using a two-square meter quad.rat praced at each

activity site, frequency and. density of shrub species
v/ere recorded. Arso, frequency and .Braun-Branquet cover
classes (Kershaw L973) were determined for g,rasses,

sedges and forbs at these sites. The latter vrere ex-
pressed as mean cover values for each species where the
means vrere calculated onry for sit,es with that species
present.

;tl:i' .Ï-:::
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During pre-incubation, five randomly placed quadrats
in the same habitat type as the activity site rrere anarysed
the day forrowing use of the site. At nest sites 15

randomly placed quadrat,s within 10 m of the nest qrere

sampled as above. rn addition, the average height of
grass/f'orb, shrub, and residuar strata were measured. The
nest site exposure accord.ing to card.inal- direction v¡as

d'etermined. Nest sites and, random plots around them lvere
anarysed the day after hatching. post-nest,ing activity
sites were analysed in a similar wây, the day following
use by grouse. (see also Appendj-x 2)

At all activity sites and. nests a modified Jones
(1968) cover board was used to quant,Ífy the vegetative
cover. The board was 3-sid,ed with each side gridded into
36 10 x 10 cm squares arternating brack and white. Jones
(1968) indicated that readings taken at ,,grouse eye Ievelr,
gave the best comparative data for analysing activity sites.
From 15 cm above the ground and 10 cm from the board r
determined the percentage of squares obscured by vegetation
at each site (Fig. 3). Rand.oq6 prots around each nest were
also anarysed in this way. cover board and penetrated light
values are dependent upon the combined structural compon-
ents of sites analysed. They shourd be superior methods of
determining habitat quarity or for comparing microhabitats
chosen at activity sites, based on studies by Jones (196g)
and Vüeins (1969) .
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Figure 3. Cover board used

and. closed cover

J-n an open area

area (below).

(above)

i: r, ',' !.r': ,'.: I
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At all activity sites the percent right penetration
was determined using a Gossen Tri-Lux foot candle meter
modified from Keith (196I) and. Vteins (1969). Two readings
v¡ere taken 15 cm above ground. lever, and above the vege-
tation canopy at the site or i-n the open nearby. The two

values were averaged. for each and. a ratio of the site to
the exposed. reading carcurated. This percentage value
indicated the amount of light that penetrated the vegeta-
tion canopy at the site.

At brood locations the site and. ambient, ground

temperature r,rere recorded. whenever possible. Ambient

ground temperatures v¡ere obtained wíth a mercury thermo-
meter 10 cm above the substrate in an open (sparsely

vegetated) site, shad.ing it and recording the temperature
after about five minutes. site temperature was recorded

in the same fashion at the activity siÈe. These tempera-
tures v¡ere recorded. only when the precise location (within
0.5 m) was known, such as when broods r4/ere flushed. The

temperature readings were then taken immediately.

Fie1d Observations

Direct observations of instrumented birds urere made

only occasionally. The birds were seldom disturbed, during
tracking and monitoring. Nests were visited once or twice
during incubation to determine clutch size. Nest

attentiveness, periods away from nests, and rocations of
birds at these times were determined by monitoring females
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at least 50 m from nest sit,es. The incubation period was

recorded for most nests that hatched successfully. r
asce_rt,ained, where possible, the predators of nests that
hrere destroyed and grouse preyed upon using descriptions
in Einarsen (195G).

Brood size was noted for arl broods flushed in the
study area. Flush sites were searched. carefully to insure
that all young were counted. Locations of unmarked broods
were plotted on air photos to determine their positions
in relation to instrumented grouse

All times are reported as centrar dayright time.

St.atistical Tests

statisticar tests forlow sokar and Rohlf (1969)

or Siegal (1956).- Level of significance in all tests is
0.05 level of probabirity, unress stated otherwise.
Means are expressed as + one standard error.
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RESULTS

Pre-incubation

-

:

Nineteen female sharp-taired Grouse captured at
arenas were equipped. with transmitters and tracked prior ,.r,,,.,,. ;.

:,.'i',"'1:'t"to incubation' Ereven of these provided complete informa- 
¡..,,.,,.,,¡.,,,tion on home ranges in the pre-egg and egg stages. Two ::.:,.i:,::,r::

others permitted. ranges in the pre-egg stage to be carcula_
ted'. Daily distances moved and habitat types used were 

l

determined for all grouse monitored.

Fema1e9rouSetrackedafterthey1eftarenaswhen
re1eased'showedtwotypesofbehaviourandÌâ¡ereassigned

to one of two groups. 
,ï Females that remained within one km of the

capture arena and did not visit oËher arenas.
i: ,:,:-:-,: .:... ., '.

- rr Femares that moved more than one km from the 1',,.',.',,,,','-,,

i.t t,,t't-t, 
r',.,' ,capture arena and/or visited other arenas. ,,:,,,1.1:::r:::.

There hras a significant difference in the mean dairy
distance moved. by these groups in the pre_egg stage
(Table 1). Group II females moved farther each day, begin_ .,,.,,;,.,,.,,,,.,,,

i;i:i i ì :.ii :: ::t:ning immediately af t,er rerease. one f emare did not begin
movements a$ray from the capture arena until four days after
being released.. Irf.ovements d.uring this stage were achieved

24
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Table 1. Mean daily d,istance (m) moved by females

uring pre-incubation.

Females Pre-eggl ngs2

Group I
Group II

277.6 (9)3

3so. 0 (4)

e8.3 (6)

L07 .2 (3 )

lMarrn Whitney IJArg = 3 p<0.05

2M"rrn Whitney U6r3 = l0 p>0.05

3Number of females tracked
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26by a combinatj'on'of walking and flight based on observations ,,, ,, ,,,.

of marked and unmarked birds. Group rr females $¡ere never
observed on or within 25 m of a capture arena after rerease
whereas Group r females were often seen on or near their
respective capture arenas' one femare was seen on the arena 

,, ,,,_,,,,,,-,,,,,.,18 d'ays after she was captured there, and. three days after :.:.::j-: i":'-::

she deserted. her nest,. Two other females hrere locat,ed
lseveral days af ter their release on the edge of their cap_ 
i: rìr!;.,.,.:.i,,:r:ture arenas, but did' not go onto the arenas whire r was rr.,.'iì:¡r:,.

watching ': l

it, ì ,r r;..:-' :,'pre-egg home range size was significantly rarger in i,i:)::r''1::.;::j,:

Group II females (fable 2). Their mean home range was
more than twice as large as Group r birds. pre-egg home

ìranges Írere elongate in both groups. Furthermore, the
rlength:width ratio for Group rr birds was armost twice 
I

that of Group ï females (4.43:2.67, respectively). 
i

The existence of two groups of females is reinforced 
:

tlby the pre-egg and egg ranges of female ALO% a Group ï l ,.
female (Fig. 4). Her original pre-egg home range was , !.,....
adjacent to arena 3 but her nest was destroyed by an unknown l:*'tt',...

i'-t,',t¡,jt,,t,t,',t,t 
tpred'ator earry in the egg stage. Her second pre-egg range :-:--..,::-.::..:,,'::

included much of the first and was arso around arena 3.
she was in the vicinity of her first nest (within 5 m) at
least twice' rler second was rocated 290 ¡n from her first ,,.i,.:,-r-.1,,-,

I ri :iirf.l:lìi )1: -i::1':;

nest.
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Table 2. Mean area (ha) of home ranges during
pre-egg and. egg stages.

Females ere-eggl (t sE) sgg2

Group r L2.s4 ! s.gA (9)3 2.7g t 0.19 (6)

Group Ir 33.71 t 10.10 (4,) 3.51 t 0.96 (3)

lMarrn Vthitney u4rg = O

2M.rrr, !{tritney U6r3 = 6

3Number of females tracked

P <0. 05

P> 0. 05
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Figure 4. Pre-egg ranges prior to first nest
(solid line), renest (broken line)
and egg home range (dotted line) of
renest for female 4L09. Nl and N,

show location of first nest and

renest, and u3' denot,es location
of arena 3.
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Group rr females rÁrere sometimes rocated at more

than one arena during the pre-egg stage. Femare 4101,
instrumented on arena 3, was located. three times during
a four day period along the ed.ge of the fierd in which
arena 5 was located (fig. 5). In one case males were
activery dispraying at the time of the location and the
female was less than 20 m from the arena. Another female
(1-8.4) was tracked to a site withi-n 50 m of an arena in
late morning arthough mares rârere no longer there.

Predation on Group rr femares was greater than on
Group r femares during the pre-incubation period, although
the difference was not statistically significant (rabte 3).
Although avian predators were responsibre for most females
killed during this period, one bird was probabry kilred by
a coyote.

Movements during the egg-laying stage were restricted
in both groups. There r^ras no signif icant dif f erence in
minimum daily distance moved by the females in the two
groups (raute t). During this stage females were rerativery
sedentary from mid-morning untir late afternoon. Movements

usuarry occurred before r0:00 hr and in the evening before
dusk.

There was no significant difference in home range
size of the two groups during egg-laying (Table 2). The

length:width ratios were similar (2.20 Group rzL.74
Group rr) and suggest a more circurar home range during
this stage. Egg-laying home ranges vrere usualry at least
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Figure 5. MoveÍients of female 4101

27 April and 1l May L977.

and 5 are denoted by rr3rr

between

Arenas

and u5tt.

:.:-:'

:J,
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Table 3. Pred.ation on Group r and. Group rr f ernales

d.uring pre-incubation.

Females Survived to
fncubation

Vfere Preyed
Upon

Group f

Group ff
7

4

Fisher Exact Probability Test, p>0.05
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partly contained within the pre-egg range. The female
with the smallest egg-laying range (2.2 ha) Ì^/as a
Group rr femare. Her range was centered around a smarl
open patch of grass-shrub ress than 2 ,,a, in a predom-
inatery forested area. The rargest egg-taying range
(4.8 ha) was of a renestÍng femare and was situated in
an area of scattered clumps of shrub and trees in a
grass-shrub area.

onry once v/as a femare located at her nest during
the egg"laying period. After raying she warked away
from the nest and spent the rest of the day r00 m or
more from the siter ês was typical 0f most females. Nest
sites v/ere most often along one edge rather than centrally
located in the egg-laying home range.

Ho*. R.rg. or"rl.p .rd A="o"i.tior *ith cor=p."ifi." l'

Female 4107 was rocated twice on the same day within 
,the eastern limit of female 4i-ogrs home range during the

pre-egg stage (rig. 6). Fema1e 4LO7 was not located again .. -,.

in this area of overrap. t,emale 4rog continued to use the 
:,;"j":"|"

-..:::.' 
.:.:..:.a 

:,area and eventually nested. immediately adjacent to it. ::..,...::.:

The closest these birds hrere located together by tracking
Ìâ/as approximately 100 m on 2g April Lg77.

After 4L09 rs first nest was destroyed she was ,,,,.,1:.,,,',
ì,i..i.l:: tr.:,i,ì

located three times on 20 May within the egg-raying range
of female 4LO7 (Fig. 7). At this t,ime female 4107 was
incubating. one of three locations hras within 60 m of 4107
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li,:;,¡-::::;I

Figure 6. Pre-egg

(soIid

Hatched

and rr3 x

home range of females 4L07

line) and ALO} (broken line).
portion is area of overlap

d.enotes location of arena 3.

t.. ...;..
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iii.' ''::..l¡.. . ... : ,::::
i'.1.::".:

i,r'i,,:,i',

Figure 7. Pre-egg home range (renest) of female

4L09 (solid line) and egg_laying home

range of female 4L07 (broken line) ¡ ,

N1 is location of nest of female 4LO7

and u3u denotes arena 3.

i:-::r:j: i- ¡:. : !1
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35(on nest) . These observat,ions occurred four days after
the d.estruction of 4109rs first nest. Female 4109 was

not located in the above overlap area after 20 May.

Female 4109 and 6484 hrere within 30 m of each

other on I May L977. Female 6484 had just been

instrumented. about 24 hours previously on arena 3. The

day following the close contact female 6484 was located

350 m west of t,he above nest whereas female 4109 was less

than 100 m from this site. Female 6484 was subsequently

classed. as a Group TI bírd based on her movements.

Close contact was recorded once during the egg

stage. I flushed an unmarked Sharp-tailed Grouse (sex

unknown) about 35-40 m from the site of an instrumented

female I had just tracked. The marked female was about

midway through the egg-laying stage.

From observations away from arenas Group fI
females were seen significant,Iy more often with con-

specifics than Group I birds (Tab1e 4). Group fI females

were seen with more than one ot,her conspecific on three

of eight occasions whereas Group I females were never

seen with more than one Sharp-tailed Grouse. AII of these

observations occurred during the pre-egg stage.

..-": :._....1 .
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Table 4. Locations of femares with conspecifics
during pre-incubation.

Females
Locations

Alone With Conspecj_fics

Group I 22

Group II I0

X2 = 5.795, I d.f., p<0.05

iar:. ::
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pre-incubation Habitat Use

There was no significant difference (x2 = 2.601
4 d.-f., p>0.05) in habitat types used by females during
the pre-incubation period when the two study years were
compared. Table 5 shows that habitat types used ,,,,,..,;,;,

during the pre-egg and egg stages vrere significantry
different. There hras a significant correlation (r = 0.9g,
2 d'-f ., P<0.05) between decreasing use of forest habitat 

,,:.:,,:.,:,,:

and the approach of incubation. That is, as spring t:1:;;';,::'::'

progresses forest, habitat is used ress. There was no con- ir,,.--,,

current significant increase in use of any other one

habitat although shrub was used slightly more

Group r and rr females used similar habitat during 
ithepre-incubat'ionperiod(Tab1e6).AGroupÏÏfema1e

whose home range was confined to a forest,ed area used :

iopen glades (sometimes 100 m apart) and their peripheries
iduring much of the pre-egg stage. f suspect she flew 
)

from one opening to another as locations were never more 
1,.¡¡;..¡,r.: 

,than 20 m from the opening into the forest. simirarly , ., ,,. ,,

females located in forest habitat d.uring this period were :,i .,,.,:',,,

.r 
t:a,::''t:;_':

never more than 25-30 m from some open habitat such as
grass or grass-shrub.

There rÁ/as no significant difference in habitat 
,,..¡,..,.,,¡types used by femares kirred, prior to their death, and i''';"':"::::'::'

those that were not preyed upon (Table 7,). Kil1s were not
restricted to a particurar habitat type and were not found
more often in either open or closed cover

':.....



Table 5. Habitat types used by females during
pre-incubat j_on.

3B

Number of LocationsHabitat Type

Pre-egg (B) Egg (g)

Grassl-and

Grass-shrub

Shrub

Sapling

I'orest (open and

closed combined)

s (s) 6 (10)

16 (14) r8 (30)

L7 (1s) I (13)

7 (6) s (8)

6s (60) 24 (39)

Total Il0 6I

x2 = 11.03, 4 d.f., p<0.05

:.....j:. : . i



Tabre 6- Habitat types used by Group r and Group rr
females during pre-incubation.

LocationsHabitat Type
Group I Group If

39

Grass

Grass-shrub

Shrub

Sapling

Forest (open and

closed combined.)

6

2L

L7

6

39

5

L2

I

6

5t

Total 89 82

X2 = 7.LL, 4 d.f., p>0.05
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Table 7. Habitat types used. by females during pre_

incubation in relation to survival.

Habitat Type
preyed Upon Survived

Grass

Grass-shrub

Shrub

Sapling

Forest

51
13

I

5

26

Total 57

6

20

L7

7

64

LL4

lNumber of locations
X2 = 2.46, 4 d.f., p>0.05
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Grasslands and open forest were used in relat,ion :

to availability whereas grass-shrub and shrub were used.

more often and cl0sed forest marsh and sapling less
(Table 8).

, Females made greatest use of open habitats (grass 
:.,:,:,,,:,,,, ,,:

and grass-shrub) during morning and evening (rig. g).
From mid.-morning to late afternoon habitat types with a

greater proport,ion of woody species were used. over 7oz
ì ;:'::: ':: :t ::,.

of locations at. this time were in shrub, sapling or :,.¡.,-r1r..''.,,,1

forest habitats. Night roosts Ì47ere most often in small ,,,,.i.i,i,,:.,
clumps of dense shrub surrounded by open grass or grass-
shrub.cover, although openings in forests vrere used
occasionally.

''

cover board. varues (Table 9) obtained d.uring the 
:

day indicate there is a significant difference
(F7,46 = 2.79' p <0.05) in cover used. There was arso a i

significant difference (t7,Sg = 4.42, p<0.05) in penetrated. :

llight,. Table 9 indicates that sites with less penetrated
light are used during mid-day and more open sites are used 

,,.,i.r,,,,..,,r,,.

in môrning and evening. ,, ,, '.', ,.,.,

, ,' ,.,.t ' _t t' 
tt

speci-es of ground prants most frequentry found at
activitlr sites are listed in Tabre 10. Residual grass was

present at all sites and was the major element of the
ground cover at these sites. Early spring perennials
(Galium, Fragaria, Thalictrum, Taraxacum) as weII as
grasses comprised most of the ground cover present. lfoody
species most frequently found at sites are presented in
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Table 8. Habitat types

pre-incubation

availability.

used by females d.uring

in relation to habitat

Habitat Type used 1(t) Available x2 Significance
Level

Hayland

Grassland

Grass-shrub

Shrub

Sapling

Open forest
Closed forest
Marsh

0.0

6.4

19.3

L4.6

7.0

46.2

6.4

0.0

2.5

4.9

12.0

8.0

L2.0

42.2

13. 5

4.7

6. 63

1.36

12. 59

15.49

6.26

0.02

10. 3g

13.ls

0 .02

n. s.

0. 001

0.00r

0 .02

n. s.

0. 01

0. 00r

In = 171 locations

r;F f*,s.il3trT0BÂ



Figure 8. Within "day" use of habitat types by

females during pre-incubation.

(n = L7L locations)
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Table 9. Cover and penetratecl 1ight values at
activity sites of females during pre-incubation.

l:r::r..: '.:,.'

Time Mean percent llean percent 
::-;i. ,:.rnterval Cover Board (rs.E. ) penetrat.¿ iigñt ,i ,.:,, ,

<09 00

08 01-1100

1101-1600

1601-dusk

s9.s r 9.3 (B)r s9.e ! s.4 (9)

65.8 ! 5.4 (11) æ.7 ! 6.2 (tl¡ '

s3.8!7.2 (2r) 60.219.6(zt) 
i

I

s8.2 ts.0(23) 78.1 r6.4Qa' 
i

lNo*b.r of locations

L:::. .:

i"':.:::1



Tab1e 10. Frequency anC cover

at activity sit.es of

rating of grasses and forbs

females during pre-incubation.

45

Species Percent Frequency
of Occurrence

Total Cover
Ratingl

Gramineae (residual)

Fragaria spp.

Gramineae (current)

Galium boreale':.

Carex spp.

Pyrola spp.

Taraxacum officianale
Lathyrus spp.

Thalictrum spp.

9olidago spp.

Compositae

100

46

40

26

18

L2

11

329

63

53

30

18

6

2T

6

24

5

1

9

7

7

4

lBraun-Blanquet cover rating

l:. 
"

i::,
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Tabre 11. shrubs typicalry found incrude popurus, Rosa,
and Amelanchier whereas species common to rowrand sites
(Salix, Cornug, Betula) occur less frequently. VüLren

species composition of sites and sample pl0ts are
compared, 10w1and shrubs are present more oft,en in sampre
plots than at sites (Table 11). Shrubs found in dry,
upland sites (SlzmphoricarpOs, Arctostaphylos) are conmon
at activity sites.

Use of Burned Areas

A fire in early April , Lg77 | burned much of the
ground cover in the western part of the study area. ït
eliminated residual grass and forb cover, especiarry on
upland sítes. shrubs and trees hrere usually srightly
affected, but in a few sites stands of popu.lus sapli=ngs
were thinned appreciably by the fire.

The area affected. by the fire was used by females
during the pre-egg and egg stages. Femare 4107 was

located there twice on 2 May and once each on 15 and r-6

May. on 2 May she was in an open area with rittre ground
cover. The site was ress than 10 m from an unburned row-
land area Ínto which she flew after r flushed her. she
was back in this open area about six hours later. on

15 May this femare was rocated arong the edge of a patch
of shrub that had some unburned residuar cover present.
By this time there was some of the present year's grorvth
in t'he burned area. The next day she was about r20 m
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Tabre 11. Frequency of shrubs at 91 activity sites
and 225 sample plots during pre-incubation.

Species

Frequency

Activity Sites Sample plots
(r) (B)

47

Populus tremuloid.es

Rosa spp.

Amelanchier alnifolia
S}lnphoricarpcjs occidentalis
Betula glandulosa

Arctostaphylos uva-ursi

Salix spp.

Potentilla fruticosa
Corylus cornuta

Cornus stolonífera

86

32

28

25

L6

15

L4

6

5

2

(es)

(35 )

(31)

(27',)

(18 )

(17 )

(1s ¡

(6)

(s)

(2)

203 (80)

(37 )

(38 )

(16 )

(24)

(e)

(2e)

(7)

(2)

(4)

94

97

4L

61

23

18

5

10

74
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, , ' , t,'i

from the previous sÍte in an unburned for,.ested area
within the burned portion of the study area. she had
left t,he burned area eight hours later.

Femare 4L0g also spent considerable time in the
burned area (2-5 May, 9-1I May, ZO-2L M"y) . Her ,,,,,,,, ,',,,,;,,;,,

activities Ì^'ere centered around patches of d.ense Bet,ula
during the first two periods and a partly burned 

,,, ,.,,,,forested area for the latter. small patches of residuar ¡,;,:,,.,,,,,,,.,,,,,,.,
:i::::.:: r:.:.::::lcover were present in arl 0f the rowland areas that hTere

missed by the f j-re. ...',",' -",

fncubation

Nests

Fourteennestsv'erefoundbytrackinginstrumented
female Sharp-tailed Grouse (Fig. 9). Twe1ve $rere wiÈhin
1 km of an arena and 11 were within I km of the arena on i

which the female was captured (Table LZ,) . The clutches
:.,-, .; 

j 
; ¡:, ;,: t ,,. ,-.in seven of the nests hatched successfulry, five were .,t.,''',',' ','i'-,r,'i

' -t'.. ,1,::r',,'i,preyed upon by mammars and two were abandoned.. ,,.:'..,1,¡,':,.',,',1,

Clut,ch size averaged 11.6 eggs for all nests
(range "'El-ts) and J,2.L for f irst nests. Th¡o renests r¡¡ere
l0cated with clutches of nine and 10 eggs. Hatching
success of nests producing young was g1g. At one nest
only five of ten eggs raid hatched. For arl nests 72 eggs
of 128 laid (56S) hatched.
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f'

i:

Figure 9. Distribution of nests. Lines connect

nests and. capture arenas.
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Table 12. Distance from arenas to nest sites.

Nests 0. 0-0.5 0. 51-1. O 1. O1_1. 5 >1. 5

fn distance 6
range to near-
est arena

In distance 6
range to
capture arena

11

03
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one instrumented female provided information on 

51

the rate of egg raying. she was rocated at rg:07 hr on

2 June L977 in an area of grass-shrub habitat. By

L8¿40 hr she had. left the area by walking. A search of
the earlier site reveared a nest, containing six eggs.

This bird was not located at or nearer than 60 m to the
nest during the subsequent tracking intervars until
16:45 hr on 6 June L977. Direct observation of the nest
indicated she left the eggs uncovered during her absence
between laying eggs. seven eggs were present in the nest
at 19:51 hr on 3 June L977. The complete crutch contained
9 eggs. This suggests the last two eggs $rere laid over a

three d.ay period. rncubation periods obtained from four
nests r{rere 23 , 23 , 23 , and 24 d,ays.

Nest Site Vegetation

Eleven of the L4 nests hrere in grass-shrub habitat
and three were in smarr grassy openings in open forest.
Eleven nests had a northern exposure (Table 13). Grasses,
Populus and Amelanchier occurred most oft,en at nests and.

in sample plots (Tables L4 and 15). The frequency of
occurrence of most shrubr grâss and forb species was

sinilar at nests and sample plots around nests.
Popu1us, Amelanchier and S)¡mphoricarpos provided

the shrub cover at nests. Native grasses and

formed most of the herbaceous cover. None of the

l'':1

i 
::.:. . r:, .

most of

Galium



ly¡ r..1::¡

Table 13. Orientation of Nests.

52

Direction of
exposure Number

nests
of1

North

South

I1

3

IBinomial test p= O.OZ|
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Table l.4- shrub composition and density at nests
and sample plots.

Species
E Frequencyl Density (/n2)

Nest Plot Nest plot ,.:::,::(14) (51) (fA¡ (Sf¡ i'',i,:,,'i

','..:. :.: .i . :

Populus tremuloides 93 65 8.8 7 .s
Amelanchier alnÍfolia g6 76 9.6 g.6

Symphoricarpqs occidentalis 50 4g S.l 5.6
Rosa spp. 43 56 t.2 I.2
Arctostaphylos uva-ursi 36 25

Potentilla fruticosa 2L 9 t.6 2.2

L4 L7 1.6 0.9

7 LL 1.9 L.7

Salix spp.

Betu1a glandulosa

I.:-species with a frequency of <loE in both columns omitted ,,.
:: .-

i. r:.: ,. . ,.'
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Table 15. Grass and. forb composition and cover-rating
at nests and sample p1ots.

Species
B Frequencyl lv1ean Cover-rating2

Nest Plot Nest plot(14) (sr¡ (la¡ (sl)

Gramineae

Carex spp.

. Galium boreale

Lathvrus spp.

Thalictrum spp.

Solid.ago spp.

Vicia spp.

Achillea spp.

Fragaria spp.

100 100 1.71 1.68

t4 L2 1. OO L.67

64 83 2.46 L.44

36 41 2.30 I.24
28 47 1. O0 1.18

2L 20 L.67 2. 01

L4 20 1.50 1.10

L4 L4 o.5o o.4o

7 L4 1. OO o.7g

lspecies with freguencies <1og in both corumns omÍtted.
)'Mean cover rating : totar cover rating/ptots, wherespecies occur.
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t,nests was in stands of pure vegetat,ion (such as Mgdicago ,'r',,

fields). A1r were in a heterogenous mixture of shrubs,
grasses and forbs.

Density of wood,y stems , the sum of stems of
all species, was significantly greater at. nest sites 

..r.,.,,.(Tabre 16). The mean height of shrubs was arso significantly
greater. All but one nest was l0cated at the base of a
shrub' Height of the current grass and forb growth was not .:..::.
significantly d.ifferent at nest sit,es compared to plots. i,r,.r',.,i.1

Residual grass/forb height was not significantry different 
t.,,,,,i_,,either' current growth of grass and forbs hTere very

sparse when nests r^/ere initiated, throughouË the study
area.Residua1coverwasvariab1e.Someareashadan

abundance of grass and forb growth from the previous year ,

whereas other sites had only scattered patches or very 
,sparSeresid'uaIcover.Resid'ua1grasscoverwasnotpresent

at all nests whereas grass formed the major component of i

residual cover in general in the study area.

cover board values were not signif icantly different ¡ ,..,.,,,
f,:-:,:_:.:-'.:: ::

when nest sites were compared to sample plots. However, i, ,,,,,,,i,'.r

when nests were compared, to sample prots within five met,ers ;"j''"","'

of the nest, nest sites had sigrnificanËry greater (t =
2'08, 30 d'f . ' p o.05) varues than plots. penetrated right

¡...'r;..,,.,:,'..,,varues $7ere significantly lower hence less light penetrated t.,:l!,.,.;.,t

cover or it provided greater overall cover at nests.
Figure 10 shows the marked difference in percent penetrated 

:

light at nests and prots within r0 m of the nest. i



l Table 16' comparison of vegetation characteristics

Characteristics

!ìloody stem dçnsiüy
(stems/m2¡

Height of woody stems
(cm)

Residual cover height
(cm)

Current grass/forb
(cm¡

Cover board value
(8)

Penet,rated light
(8)

NestI
(ra ¡

27.92

75. g

7.5

26 .4

76.0

51.1

Sample sitel
(sr)

lsample

2Errtri""

between nest sites and sample plots.

19.5

55. 2

6.5

23 .9

68.8

64.3

size

in table

rrtrr value

are means of each category.

3. 06

2.89

1. 50

1.10

L.29

2.64

Significance Level

,i ,:
:,': :

:l:.
'-r''-
'ì;:i I ii
-:ì)li 

.f:'

0. 001

0.005

n. s.

n. s.

n. s.

0.005

('r
oì
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ll.:ri1ì'L

Figure 10. Percent penetrated light of vegetaÈion

at different distances from nests.

Horizontal line is the mean, the

vertical bar is 95? C.f. Sample size

is above vertical bar.
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All nests h/ere l0cated cl0se to dense shrub or :..
forest habitat. Most nests were rocated within 20 m

of the nearest dense woody cover (Tab1e i-7).
All incubating females vrere flushed from nests

at least once, and some up to three times. On 27 
,, ,,,,:. :,,,,, ,occasions when femares were flushed, t,hey frew to and -':

landed in the nearest d.ense cover over 70E of the time
(Table 18 ) .

i':.' i.,;:,,.:l-',i 
",'

:..t' 
.

Attentiveness of incubating femares is shown in i:'']:';t;i¡".r"''¡

Table ]-9. Femares $rere rocated off the nest only 10? 
iof the time, based on 219 radio checks of incubating 
l

i
birds. At over half the locations away from the nest 

ithe birds were in close proximity to it but never moving 
r

of1ocationsmadeoffemaIesahIayfromthenesta11buti

one took place in the evening. Five of the locations of 
,

;females near the nest $rere made between 10:00 hr and 16:00 i 
,;,.:

hr and occurred on overcast or rainy days. Females did 
i..,¡:,,i.,,i.";;.,

not cover the eggs with nesting material or ritter during ¡tt,'. 
t 

,-

their absences . :.; .",t',:,,,:i.,.,

Femares tracked to sites arlray from nests hrere
l0cated in grass or grass-shrub cover on eight of the

' l:';::': :'l :',:..t''.:,:¡12 occasions' The other locations $rere made along forest i,....¡i.,;:¡,,,.,:

edges or in stands of dense shrub. Mea¡1 distance from
nests to the 12 sites was 99.6 m (range 45_100 m)



relative to forest
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Table L7. Locat,ions of nests

or shrub cover.

Number of
Nests

Distance from lJest (m)

0-10. 0 I0. 0-20. o >20. o

From nearest cover

From next nearest cover

10

5

0

I
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Table 18. Use of

flushed

forest or shrub cover

from nests.

by females

Proximity of
in relation

cover
to nest

Cover flown to
when flushed (8)

Nearest

Next Nearest

Other

Total

19

5

3

(70)

(rg)

(1r ¡

27

x2= L6.29, I d.f., P<0.05

j..ì:,.-,::.;,
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Table 19. Locations of females when monitored
during incubation.

Relation Ëo Nest
Year

On Near ( .Sm¡ Avray (r Sm¡

L97 6

L977

686
L29 4

5

_7

L2
Total Lg7 I0
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Female 64g9 râras observed. 3 times feeding on ground
vegetation, either grasses or forbs in a grassland area
about 100 m from her nest¡ A check of the site aft,er she
left did not reveal a preponderance of any one type or
species of vegetation that she may have been selecting.
once r saw this femare returning Èo her nest after feeding.
she frew from the feeding site and landed approximatery
10 m from the nest,. A check ten minutes rat,er, using the
radio receiver, indicated she had walked the remaining
d.istance to the nest.

Female 64968 was observed feeding on ground vegeta-
tion in a grassrand area rr5 m from her nest. Two days
later she was accidently frushed from a site about 10 m

from the location described previously, but still within
the same grassland area. A check of the earlier, the
recent and the surrounding areas revealed eight 'clocker
droppings' (sensu Bendell and E1liot 1966).
This female was rocated the next day along the edge of a

stand of shrub that bordered on the grassrand area and
was within 25 m of the above sites. she may have been
going on or returning from a feeding trip on this latter
occasion.



Post-nestincr

Brood-rearing Females

Eleven females were tracked during the post_ 
,,,.,, ,,,,,,.,,,nesting period. Table 20 shows the mean home range sizes ::-:-.:i..:.::::

and dimensions for these birds. Females with broods ress
than two weeks of age had significantry smarrer home

i ::r :..::, .':i :lii:ranges compared to f emales with older broods. Length-to- i:,r,,,i.,,,,,.',.,,.-,
:t ,t'i at.;r-.width ratio suggests they were circular at this time. 
ì.,::.,;.,:.;.,.:::

Their home ranges did not usuarly include the nest site. i'':1':1,,:':::ì';1':

only once was the nest site within the brood range 
l

(female 1-8.4). This femalers home range was the smallest, . 
i

at 3.8 ha. ì l

i

How long femares remained at the nest site after :

hatching was not accurately determined. one female (4107) 
i

r .f,Iushed from a nest at 0g:13 hr on 13 Ju,n_e 1977 was 
'

brooding her young there. The weather was coor (13.5 c) i

with light intermittent rain. She returned to the nest by 
r,i,..,:.r:,,,*.,,,,

13:35 hr and r,ras presumably brooding her young again there. o', t ,,:::':'::': :

: r: :: :.:j: : .. :: :.::..-:Ä'ir temperature was 12 C and it was raining. At 19:35 hr ,,,,:',,,,-,,,-.,,,,,

(ternperature 19 C) the female was 45 m from the nest
brooding her young. Rain had stopped at lg:20 hr.
Another femare (64868) brooded her newry hatched young ii.ir;¡ff

' ¡. . : i 
:about' 5 m from the nest. lveather conditions were arso

cool and rainy at this time.

i+. 1-..i.:. r 'i.
'1i'i1ì ;i:-.r...-¡'1;ri
'.i:j. r:11:.ri :ì _.-.-:- ¡ r.'

;: .

63



Table 20' Home range characteristics of post-nesting
females.

Females À{ean Home Range Length/h.idthSize (ha) Ratio

vtith broods < 2 weeks agel g.3 ! L.26 L.37
vvith broods > 2 weeks agel'2 3o.o + 3.gg z.Lg
Brood.less2 20.7 t 3. 08 3.15

64

lM"rrn Whitney U5 
r 6 = O, p <0. 05

Mann Vlhitney U5r 6 = 3, p<0. 05
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Mean dairy distances moved during the early brood 
:

period ranged from 44 to 234 m (fig. ll). Females
usuarly moved in one direction a!,üay from the nest site
for the f irst f ew days af Èer hatching (f ig. L2) . Brood.s
were more mobiÌe the second r+'eek as compared to the first. 

,,,; ,,,,,,

Female 1-9.4, having the small home range mad.e short
daily movements, usually less than 100 m, between a
forested area and a grassy clearing. Other females did ;,.,,,..,,
not follow such a rigid. pattern and were only occasionally ;,ìr:'.,,

located at the same site twice. From dusk to dawn .,,:r.,,'..'
monitoring, r found. that most movement took place d.uring
mid-morning and late afternoon. During early morning f

:mid-day and near dusk femares with broods were fairly 
isedentary (Fig. 13). During early morning and late evening 
.

females Ìnrere most' often brooding youngr ërs irrustrated by 
i lfemare 64868 that was flushed at 07:25 hr on a cool ea c) l

morning with heavy dev¡. From tracking it appears that 
i

brooding may occrlr at any time, depending on weather
conditions. 

.,., ,;. , :

summer home ranges of femares with broodsorder than 
,',,..'.,r'...ì - 

t:two weeks !ì/ere rarger than the early brood range and more
elongate in shape (Table 20,) . Thêy wère usually centered
around one or more grassy, open areas 

i;,,.'..,,,:i,::.Minimum dairy distances moved by broods two to ','1¡¡:-',;r¡ '

10 weeks of age were not significantly different (F6r3l =
L.78, P>0.05), when brood age $/as compared.



i:.r-',r.'¿ì
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Figure 11. Mean daily distance (m) moved by females

and broods in relation to brood age.

Horizontal line is ti:e mean and vertical
bar is 958 C.I. Sampte size is above

vertical bar.

I :.: .:.- . l .-'
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j i : t:

t::.:-.._

Figure 12. Movements of female 4LO7 and. brood

for d.ays 1-3 post-hatching. Solid
lj.ne is day 1, dotted line day 2 l

and broken line day 3. N marks

nest, site.
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Figure 13. lvlovements of f emale 4107 and brood

( <2 weeks age) tracked hourly.

Solid line is 0800-1000, d.otted line
1001-1600 and. broken line 1601-2100.

Night roosts are marked by R.

. .i y-i:r f,J:.i li-l::,. ::!:-.:1.!=t: -- :71:l-,.4 1 : :.,". : ::



t
t
I

I
,
¡

I
¡

I
I

I
tcl

t\

I
t

s ll s
. Cf

LEGEND
g . grassland
gs'grass.shrub
s .shrub
ts.tatl shrub
of . open f orest

f .t'closed forest
m mars h

h hayfield
--- trait
t-E!@
o meters loocf



69

Maximum distance moved by a brood in one day was L.4 km.
Most movement was done by walking. one female (4L04)
moved over 2 km d.uring two days r all within her summer
range.

From dawn to dusk monitoring I found the daily
movement patterns for broods two to 10 weeks of age
similar to young broods (fig. 14). Morning and evening
feeding areas were not arways the same sites whereas the
same night roost was oft,en reused. Day and nighÈ roosts
were never the same site.

summer home ranges only once included part of the
early brood ranges (Fig. 15). Female 4LO7 used the area
near her nest when her brood was about si-x weeks old.
she was never located at or within 50 m of her ord nest
site. other females used areas adjacent to their early
brood range, but hTere never near their nest sites.

Home Range Overlap

unmarked females with broods !,rere sometimes
seen in the home ranges of marked females. over a four
day period four observations of an unmarked female were
mad.e, presumably the same bird (fig. 16). The first
three 

'nrere 
wiÈhin the home range of femare 4L07. At one

point the broods were less than 100 m apart. The fourth
sighting was made two days after the first observations
and was outside 4L07's summer range. ï suggest the same
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Figure 14. Movements of female 4L07 and brood

(>2 weeks age) tracked hourly.

So1id line is 0700-1000, dotted line
1001-1600, broken line 1601-2100.

Night roosts are marked by R.
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Figure 15. Post-nesting home ranges of female

4L07. Broken line encompasses range

for brood age < 2 weeks and solid. line

range > 2 weeks. NesÈ location is

marked by rrNrr.
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L' .i... -.

Figure 16. Home range of female 4ro7 and. unmarked

female with brood. Locations of
unmarked female referred to in text
are d.esignated. by ,8,,.
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female and brood were invorved in alr cases as the area
was less than one ha in size and the same number of young
v'ere flushed each t'ime. Further, no other females or
broods were located in that area before or after these
observat,ions were made.

unmarked broods r,irere frushed four times in the
suflrmer range of female 4101 but were never cl0ser than
200 m to this femare. These broods may have been passing
through the area (see section on lat,e summer shift) as
the observations were made in mid_July 1976.

Broodless Females

irÍovements and Home Range 
i

Five instrumented broodress femares were ,

monitored d'uring the post-nesting period. There was a .

Isignificant difference (fable 20) in home range size l

between broodless and, brood.ing (summer range) females.
iBroodress females were more sedentary than brooding

femares, especiarly in mid-summer. Figure L7 shows the 
i.,,;,,,:

average daily movements over the 'brood rearing season,, ,,.:,,,.1.

for broodless birds. That is, the correspond.ing period 't".' 1

for weeks rePresents the age the brosds would have been
if the broodless femares had been successfur. There was
no significant difference (F- = 'r 1R D:rì ntr\ i* !r^^ , 

",'

(F g ,27 = 1.7g, p> o. 05) in the i,,.,,:.;::

distance moved when weeks Ì^/ere compared. There hras a
significant difference (t = 3.02¡ g d.f., p<0.05) when 

.:brooding and broodress femares vùere compared on a weekry '.

basis. .,,
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Figure 17. lvlean daily distance moved by broodless

females d.uring post-nesting. Horizontal
line is the mean and vertical bar is 959

C.f. Sample size is indicated above

vertical bar.
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' 

,,',t.'.,''In week 10 a broodless female (6493) exhibited ,,

some unusual movements (fig. 1g). She moved only
short distances dai1y.(mean 102.2 m) on her sunmer range.
Between 9 August and 1l August Lg76 she moved 2.7 km.
she stayed in t'he new area moving only about r00 m each ., ,.,,.,,,,

d'ay until r reft the study area on 15 August. on 
:"

9 october her signar was rerocated and ï found her remains
200 m from her last known location for August. She had ,.,,,

been killed by an avian predator during that period. ::,,'''"r"''

Home Range Overlap

Overlap in home ranges occurred between
brood'ing and. broodless femares. The sunmer brood range
of female 6490 overlapped with the range of broodress
female 6497 bet'ween 13 July and 26 Jury Lg76 (Fig. 19).
Most locations r¡rere arong the northern periphery of 6490,s
sunmer range and the females h¡ere never cl0ser than 200 m.
Although the overlap seems extensive, 64g7 usually
confined her activity to the northern part of her summer
rangre.

unmarked females with broods vrere frushed three
times in the home range of broodress femate 4L02. Arl
sightings hTere mad.e after mid-Jury rg7 6 and may have
been birds undergoing a shift in home range (see below).
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t.. :.'

Figure 18. Shift in home range of broodless

female 6493. Arrows represent move-

ments after shift,. The rr+rr is the I

:Iocation where the female was found 
:

dead

l :.. ,i ,:,r' 
:
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Figure 19. Home range of brood-rearing female

6490 (broken tine) and broodless

female 6487 (solid tine).
Hatched portion is area of overlap.
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Between 23 July and 5 August L976 aLL females
with broods r tracked. rapidly shifÈed their home ranges
(example Fig. 20). Movements by those females were
direct and relativery uni-directionar ar^ray from the
summer range' Mean home range size in late sunmer was
20'07 + 2.56 ha. None returned to her former home range
following the shift. No shift occurred in broodress
females in 1976 nor in brooding or broodress femares in
L977 .

As a result of the shift, home range overlap
occurred. Femares 6490 and 068 occupied adjacent summer
ranges prior t,o the shift. These females shifted to late l

lsummer ranges five days apart. Female 6490 occupied the r
ne's range prior to 06Brs arrivar. The overlap period was
between 6 August and g August; 068,s first two days in the
10w1and' arear but the birds were never cl0ser than 150 m :

(rig. 2L) - on g August female 068 was in the northern part
of her late suntmer range and was never rocated in the 

:,r,,.',,,:,.overlap area again, hrhereas female 6490 continued to use ..,;,,,,,:..

the arga of overlap. '',.,"' '''

overlap also occurred in ho¡r,e* ranges of brooding
and broodless females due to the shift. Female 410I,s 

::,:.;..r:,.:i,:.,:.summer range included part of broodless female 64g7rs fj',',.,i'...',,

summer range but they hrere never located closer than 100 m.
The shift by femare 41or occurred on 4 August. she was
located in the overrap area on 5 and 6 August but not, after
these days :,
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Figure 20. Shift in home range of brood-rearing 
l

:

female G490. Solid lines encompass 
i

home range before shift and broken 
I

lines enclose the home range after i

ithe shift. Arrows denote movements 
i

during shift. I

1: :".-
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1.: ':
;i:j:.r:

Figure 2L. Home ranges (after shift) of
rearing females G4g0 (soIid

and 068 (broken line). Area

overlap is hatched.

brood-

line)

of
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Habitat Use

Habitats used. by females rearing broods $rere
similar during both study years (X2 = 7 .40, 5 d. f . , p> 0. O5).
Females made similar use of habitat types over the course :; .;: :

of brood rearing (rig. 22) and there was no significant
difference (X2 = 4.32, 4 d.f ., p>0.05) in use when
femares with broods less than two weeks of age were compared .r .,,,.,,,,- 

'i 
"''"'

to order broods. During the brood rearing period open hab- i '-: :

)f thg "'...',.',.,r.

time and tall shrub qras rarely used

Habitats used by broodless females virere plotted
over the biweekly periods correspond.ing to projected
'fbrood age" (rig. 23) - There was no significant difference

t(X' = 4.02, 3 d,.f ., p>0.05) in habitat types used between
the two study years. Broodress femares used forest and
shrub habitat extensively but seldom used grassrands.
Habitat use was simirar over the summer and no significant.
difference (X2 = 3.gg, 3 d.f., p>0.05) was found when

I{7efe ,',.:, , .. .

compared

Brooding femares differed in habitat types used
t(xo = 55'2' 5 d'f'¡ p<0.05) compared to broodress birds. ,,.,,;:.,: -,

Brooding females used grasslands, grass-shrub and shrub ...'.:;r....:¡;,:';

more often and talI shrub, forest and marsh ress than
their relätive availability (fable 2L,) . Broodless :

females used shrub habitat greater than its availabirity
and talI shrub and marsh less so (Tab1e Z2).
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Figure 22. Habitat types used by females with
brood.s d.uring post-nesting.

(n = 333 locations)
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:.' ::.; . ..:.
' ... .t

Figure 23. Habitat

females

(n = I70

types used. by broodless

during post-nesting.

locations )
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Table 2L. Habitat È,ypes used by brood-rearing females
in relation to habitat avaÍIabilit,y.

Habitat
Type

titg¿I Available 
" Significance(B) (E) x¿ r,evel

Hayrand I.2 2.7 r.93 n. s.
Grassland. 9.3 4.g 13.18 .001
Grass-shrub 44.7 t2.O 2g7.67 .001
Shrub L7.7 B. O 39. 04 . OOt

TaIl Shrub 2.7 ],2.O 23.98 . OOI

Open Forest 2L.6 42.2 34.00 .OOl
Closed Forest 2.7 13.5 2g.g3 .O0I
Marsh 0. O 4.7 15.69 . OOI

1-n = 333 locations



':' : :.:

otr9J

Habitat Usedl Available -2 SiqnificanceType (E) (s) Ã Level

Table 22- Habitat types used by broodless females

in relation to habitat availability.

Hayland. 0. 0 2.7

Grassland 1.8 4.9 3.42 n. s.
Grass-shrub L2.4 L2.O O.O2 n.s.
Shrub 38.2 g. O 193.6I . O0I

TaIl Shrub 5.3 LZ.O 6.37 .02

Open .forest 34.7 42.2 Z.4O n.s.
Closed forest 7 .L 13. 5 S.2g . 05

Marsh 0. 6 4.7 5.23 . 05

1-n = I70 locations
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Brood-rearing femares used open areas more and
hrere someÈimes found long d.istances. from dense cover.
They regularly crossed. large open areas whereas brood_
less females remained. arong the periphery and traverled
al0ng their edges in d'ense cover. For rocations of
females in open areas, brood_rearing females were
located more often (t = 5.3I, 49 d.f., p<0.05) farther
from forest or shrub cover than broodless females.

Females with broods used open habitaÈs 503 0f
the time before 0g: o0 hr and over 708 of the time af t,er
18:00 hr, with the greatest use of grassrands occurring
in the evening (rig. 24). Mid_day was usually spent in
denser coveri generally with a canopy. Broodless
females used open areas in early morning and from late
afternoon but returned Èo denser cover earlier in the
morning than d,id brooding birds (fig. ZS). Use of forest
and shrub cover at d'awn and dusk suggests that night
roosting occurred there. use of shrub habit,at by brooding
females for night roosts was confirmed by flushing
females at sunrise and sunset from such sites as welr as
locating females at the same site one evening and the
foll0wing morning. cover board readings for ,,averagerr
(sensu Pepper Lg72) days (warm, dry days) (rig . 26) r4¡ere
significantly different (F7rt9g = 4.62, p<0.05) over the
course of the day. The high readings near sunrise
(<06:00 hr) and dusk (r21:00 hr) correspond to the dense
cover used for night roosts (see habitat_tine plot,
Fig' 22) ' open areas used in the early morning and
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Figure 24. Within "day" habitat
brood-rearing females

post,-nesting.

types used

during

by
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Figure 25. I{ithin "day" habitat types used by

broodless females during post-nesting.
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Figure 26. Cover board values at brood locations
on "wam, dry days" compared with
time of observation. Horízontal 1ine

is mean and vertical bar 95t C.f.
Sample size is above vertical bar.
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90
evening and dense cover used. at mid-day are arso apparent.

During rainy or wet days the cover_time picture
is almost the opposite (fig. 27). There is a significant
difference (EZ,45 = 3.99, p<0.05) in cover values recorded
during the day, with dense cover used until mid_day.
cover varues at mid-day were similar to readings taken for
morning (08:00 hr) and evening (19:00 hr) on ,,average,,

days. values for morning and evening on wet days are
comparable to night roost values and 10wer than mid-day
roosË values for average days.

Brood'-rearing femares appeared to serect activity
sites according to the ambient and site Èemperature
(rig. 28). vthen ambient temperature was less than 1g c,
64* of brood sites had temperatures warmer than ambient,
and above 19. c, 'roz had site temperatures coorer than
ambient. Generally, vrarmer sites exposed to sunlight were
selected in early morning, during coor weather or fol-
lowing rainstorms. shaded. or coorer sites hrere most ofËen
used at mid-day.

Shrub species were

used by brood-rearing and

in similar proportions at sites
broodless females (Table 23),

although a few exceptions are evidént such as @,
Salix, and Betula. Densities were similar, however, for
these species at brooding and broodress sites. Arthough
uprand shrubs (popurus, .Ameranchier, Rosa and symphoricarpös)
pred.ominate at sites used by all f emales r greâtêr use of
sites with lowland. shrubs (Salix, Betu1a) and less of
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Figure 27. Cover board values at brood locations

on "rainy or lvet days" compared with

time of observaÈion. Horizontal line

is mean and vertical bar 958 C.I.

Sample size is above vertical bar.

On the time scale each figure

represents a two hour int,erval.
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Figure 28. Variation in brood site temperature

with ambient temPerature. Line

indicates equal ambient and site

temperature. (n = l-54 locations)

r:::.::-:iJ

':\"1:.:

.'.:.::,-.)



. . 1 ..1

O

o¿
L
f
+.
(U
L
o
o.
E2
o
F
+,
c
o

I

-o
E

lr.

7',.a

t5

Brood Sit e Tempêrature (C)

ii::r:,]:l:



Table 23' Frequency and density of shrubs at activity sites of brood-rearÍng and broodress
females.

Shrub Species

Populus

Amelanchier

-

Rosa

Slzmphoricarpo.s

Potentilla

Frequency (g) Mean Density (/^2,1L

Arctostaphylos

SaIix

Prunus

Betula

shepherdia

Lonicera

82.4

69.3

66.5

11. 9

40.8

L6.9

L3.4

9.7

8.1

2.8

1.8

5.5 I 0.5

7.0 t 0.8

4.7 t 0.6

L8.7 t t.I
6.7 t 0.7

Density of shrubs p", 
^2/total

Frequency (E) Mean o"r"itylÇ-

itt:

6.9 t 0.8

2.2 t 0.5

I0.1 t t. I
2.9 t 1.1

1.1 0. B

80.6

6r.2

69.2

7.L

24 .5

15.3

27 .5

7.I
23.s

2.0

1.0

fì':, I

number of sites in which it occurs.

5.1 t 0.4

. t: ì.,
: l:. .i
::..::i.'..''''

7.I

5.6

11. 0

7.9

r 0.5

t 0.4

t 2.4

t 1.2

9.3 r 1.5

2.6 t 0.7

12.8 t 1.4

1.5

4.0
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s'mphoricarpo,s suggest broodless females are in l0wlands
more often' Grass and forb frequency and cover ratings
(Tabte 24) do not, substantiate this suggestion as forbs

common to l0wlands weie in similar frequencies at both
sites

Habitat types used by females before and
after the shift were not significanÈIy different (rable 25).
Greater use was made of sites with 10w1and shrubs (salix,
Betula) and tess of those with upland species (@tgpt¿þg,

horicarpos¡ Shepheridia) but the differences were
slight (Table 26)' rhe shift was in the direction of
lowlands, and' edges of marshy areas were used by three of
the four females tracked. Green, succulent vegetation was
present here whereas the sites shifted from had little
green growth present in late ,July, and became drier by
August.

Ì,r:.1¡',:::i::l
a:.:



Table 24' Frequencl¡ and covêr-râting of grasses and
rearing and broodless females.

Species

vv Y çr r\cr uJ.llg
Graminae gS
Galium
Solidaoo
f'ragaria
<Lathvrus
Aster
Ãffiesia

-

Monarda
Comand.ra--=-v l_ct_a

Frequencyr (g )

ÌFhãïctrum
isõ-õmpositae

Carex
hãETacum

-

Apocynum
=-----ACnl_lIea
Ã-ltñGTus
=-...-:---Þanrcul-airiffiãia

-

PyroIa
Medicaqo
Sonchus

-

I
6
4
3
3
2
2
2
2.
1i
1i

88
68
L4
36
l3
¿8
26
¿5
¿1

.9
_2,
9,
8,
7,
7,
6.
4.
3.
3.
3.
2.
2.

.6

.4

.1

.2

.3

.2

.0

.4
,4
,2
,4
,6
5
9
3
I
5
9
4
4
I
8

Mean 
^Cover Rating¿

t.

).
)

t.

.t

.{

2.93
I. 64
1.50
t. 38
L.42
1. r6
1. 06
0. g5
0. 89
1. 06
0.45
0.7L
L.40
1. 07
L.2L
0.42
0. 05
0.71
0.L7
0.33
2.00
0. 40

forbs at activity sites of brood-

Species with
2M".r,

t 0.07
t 0.07
t 0.08
t
+

I
+

t
+
+
+
+
+
+
+
+
+
+

t
+
+
+

cover = total cover

0.10
0.10
0. 09
0.11
0.10
0. 09
0.10
0.11
0.11
0. 05
0.19
0.20
0.L4
0.18
0.L7
0.15
0.19
0.56
0.22

Broodless (n=9g)
Meañ--Frequency (g) Cover Rating

frequency at

9
6
4
3
3
I

I
I

1:
3:
1:

95
69
40
l6
l3
L2

6
t9
6

_3

13,
.2,
9,
4.
2,
8.
0.
2.
1.
2.
5.
0.

9.
l.
5.
ì.

t.
).
;.
)

I

.:

.t

.:

.(

.1

.(

.(
E

.c

.8

.4

.2

.1
,3
.5
,9
,4
9
9
3
5
7
2
0
1
0
4
0
0
5
0

brood sites i <22
rating/sites where

2.77
L.72
L.52
L.23
1.38
1 .11
0.60
0.78
0. 60
1. 00
0.71
0.89
1. 00
0.33

t 0.14
r 0.09
t 0.14
r 0.11
r 0.1I
I 0.19
t 0.22
t 0.11
! 0.22
r 0.19
+ 0.L2
t 0.10
t 0.20
! 0.27

not recorded.
species occur.

2

0. 00
38 ! 0.L7

68 t 0.12
0. 00
0.00

oo j 0.321.

-,;i.,_.,

r ';, '

\o
(''l
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Table 25' Habitat types used by broods before and
after the shift in summer home ranges in 1g76.

Habitat Type Prior to
shifr After

shifr ì'.'-:'

Hayfield

Grassland

Grass-shrub

Shrub

Tall Shrub

Open Forest

Closed Forest

0

9

28

I2

5

16

2

73

3

15

31

11

3

16

5

83Total

x2ad.justed = 2.44, 3 d..f., P>\0.05

,¡: : :: :::'i:,':



Table 26' Frequency and density of shrubs at brood activity sites
the shift in home range in 1976.

Species

Populus

Amelanchier

Rosa

Symphoricarpos

Arctostaphylos

Betula

Potentilla
Salix

Prunus

Shepherdia

-

Lonicera

-

Frequency (s)1 Mean Density (/n2)

79.3

68.7

61.3

45. 6

24.5

7.0

33.3

12.8

10. s

3.2

2.9

SpecÍes with a frequency

5.5

6.8

5.4

7.9

+

+

0.4

0.5

0.6

L.2

Ereguency (s) Mean Density (/n2)

before and after

9.3

L0.2

6.3

2.4

2.2

1.3

+

+

1.9

1.5

1.0

0.5

L.2

1.0

87 .7

73.6

70.2

41. 0

18. 9

L4.7

L2 .9

20.3

9.2

L.7

1.8
<28 not recorded.

:i !,':i

',ir':i,,,,

.1i ;:'

t

+

4.6

7.3

4.9

6.2

: t... .l

0.4

0.8

0.6

0.7

10. 0

19.1

8.4

t

t

+

2.9

L.4

0.9

1.5

0.6

1.0

4.3 +

1.9 +

1.1 t

\o{
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, 
DISCUSSToN

f found that some female Sharp_t,ai1ed, Grouse
moved 10ng distances from arenas and others remained
near these sites' The existence of two such grouils
within the population is notewort.hy. Early studies of
female Sharp-tailed Grouse by Baumgartner (1939),
Hamerstrom and Hamerstrom (1951) and Kobridger (1965)
indicate they remain c10se to arenas prior to nesting,
and nesting stud'ies seemed to support this idea
(Hamerstrom 1g3g' pepper Lg72) . Artmann (rg7o) t hovrever,
suggests that most females move the l0ngest distances
of the breeding season prior to nesting. This is
supported by Robel et al. (Lg7O) in their work on
Greater prairie Chicken.

ïn Sharp-tailed Grouse f tracked, Group fï
rong daily movements may have been associated rvith
seekingr. Archibald (1975) suggests this occurs in
female Ruffed Grouse (Bonasa umbellus). Group f females
remained around the capture arena and did not move as far.
Group rr females r.iTere never rocated near or on capture
arenas after they were released

females

mate

i .:ì1.., '

¡'"- i''r:::

t 
ì'-: ..\
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Group r females moved, short distances during the
pre-egg stager probably searching for nest sites and
feeding, dustihg and roosting. Long distances moved. by
Group rr females and infrequent re-use of sites suggest
they are dispersing. spring dispersal of femares has been
documented or posÈulated in several grouse species
(Stirling 1968, Zwickel Ig73, Herzog and Boag Lg77). The
rong movements and visits to more than one arena by
Group rr birds are the basis for proposing dispersal in
my study' As aJ-ready indicated most authors suggest
females move tittle from Èhe area around one arena.
Bowman and Robel (rg77) suggest that dispersal 0f prairie
chicken may continue through spri-ng into earry su¡nmer,
and Robel et aI. (Lg7O) have documented inter_arena
movements by females.

Dispersal 0f Group rr femares may be due to their
social position andr/or involvement in aggressive
encounters. Robel (fgZO arb) and Robel and Bal'ard (Lg74)
believe that aggressive interactions between females on
arenas may prevent or delay breeding if subordinate birds
remain at one arena. These encounters could also cause
subordinate females to abandon arenas and seek others or
be attracted to males d,isplaying solitarily (nobel 1970 a,
b' sexton rgTg). The Group rr females r tracked may have
been subordinate birds.

Aggression has been proposed as a spacing mechani.sm
for females in other grouse (Macdonald 196g t L910, Herzog
and Boag Lg77) ' Macdonald (1970) reported overt aggressive
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encounters betvreen feÍ¡aIe Spruce Grouse (Canachites
canadensis). Herzog and Boag (Lg77) suggest audiÈory
cues such as flight sounds or calls are the more conmon
spacing mechanisms. Females vocalize when approaching
arenas (see Lumsden 1965r lljorth L|TO) but birds ï
tracked away from arenas were silent. Caldwell (Ig76)
reports females avray from arenas giving aggressive cal1s.
Therefore, auditory stimuli may act to space female
Sharp-tailed Grouse. Whereas Robel (L970 a, b) and
caldwell (Lg7 6) felt it may space f emales around thej-r
respective arenas r suggest it acts to space females
throughout Èhe availabre habitat and forces them to move
between arenas in search of suitable nest sites as well
as for mating.

Observations of home range overlap support the
spring spacing hypothesis. lrlhere Group ï f emales, home
ranges overlapped., one bird. continued to use the area of
overlap whereas the other avoided this area. The dominant
female may exclude the subordinate. Group ïr females may
have been unabre to establish a home range around a
particular arena and therefore moved to other aÈenas.
Also' there may be a d'ifference in age between groups.
This may affect their aggressive revel and hence dispersar.

Group II females may be less aggressive. They
hrere seen more often with conspecifics. sharp-tailed
Grouse form winter fl0cks (Hamerstrom and Hamerstrom 1g51)
that are sex specific (cardwell Lg76,). Aggressive inter-
actions possibly promote spring dispersar of these fl0cks

ri :.ì.,

!.-...-- .:
i.:. r::'..r':.:trt::,t.:-.frt-: t, __i _:.'t . i':
t.,:- -:.: .;-
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(Cald,well Lg7G, Robel 19ZO b). Therefore the associatj_on
of Group rr females $'ith conspecifics may suggest they
are remnants of winter fl0cks whereas Group ï females may
have dispersed or forced less aggressive birds to disperse
from winter fl0cks. rf winter ranges are c10se1y assoc-
iated with arenas, dominant femares courd establish home
ranges nearby. subord,inates may be forced to disperse
either to other arenas or avray from arenas in search of
nest sites or males with which they can mate. Home ranges
of Group rr females in association with two or more arenas
support this idea.

Robel et al. (Lg7o) tracked. a female Greater prairie
chicken that remained essentially solitary the enËire
winter. rf this occurs in sharp-tailed Grouse and such
females have home ranges cl0se to an arena year round,,
theywou1dbeatanad'vantageduringaggressiveencounters

'with dispersing birds. Group ïï females r captured in
this study may have been dispersing when caught. They 

:wou1dpassthroughanareaifasuitab1ehomeran9ewas

not available and not return to the capture arena. ii'

Dispersal has also been suggested to affecÈ
predation (eor^rman and Robel Lg77l .r,A population regulation
in grouse (Robel 1g7o). Group rï females were preyed upon i
more heavily; alr birds except one were killed during the
Pre-egg stage, the period of greatest movement.

Home ranges were similar in Group ï and rï femares
during the egg stage and were smarrer and dairy movements ,;ti.,
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shorter than those in the pre_egg stage. Artmann (1970)
reports similar results in femare sharp_tailed Grouse he
tracked. Archibald (Lg7S) found the opposite in Ruffed
Grouse' He suggests the larger home ranges correspond to
increased searching for food to meet nutritional d.emands
of egg production. At chatfierd nest sites may have been
selected rerative to an abundant food supply. only short
movements from nest,s to feeding sites would be necessary
duri-ng egg-laying and incubation. The proximity of nest
sites to a supply of high energy food has been recorded
in Spruce Grouse (McCourt et al. Lg73) and Ruffed Grouse
(schladweiler 1g6g). ltaxson (1g7g) showed. that Ruffed

Grouse movements are shorËest, d,uring egg_Iaying.
The spring d.ispersar of females hypothesis is

supported also by comparing home ranges of Groups ï and
ff females. The greatly reduced home range during egg_
laying in Group Ir females (similar in size to Group ï)
suggests that through dispersal they were arr able to
find suiÈable nesting habitat. My observations of egg-
laying females agree with lVatt,s (1969) find.ings in
Greater prairie chicken. The rest of the egg-laying stage
is spent some distance from the nestr ês is also reported
for Ruffed Grouse (Maxson Lg77).

Home range overlap between a renesting female on
her second pre-egg range and an incubating female,s egg-
laying range is noteworthy. After rocating the renester
within 60 m of the incubating female r next rocated her.
over 200 m away. The renester was not l0caÈed in the over_

a-:.::11
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lap area again. McBride et al. (1969) reporË aggressive
encount,ers in feral Domestic Fowl (eallus gallus) between
incubating females and other females approaching these
nest' sit'es- This may have occurred in the above case or
aud'itory spacing mechanisms (Herzog and Boag Lg77) may
have come into play. rnterestingly the renesting femare
includ'ed in her second pre-egg range part of the incubating
f,emale's previous pre-egg range. As this latt,er bird was
incubating no encounters wourd occur between the birds
and the renester courd traver through the area in search of
potential nest sites.

Pre-incubation Habitat Use

Groups r and rr females made similar use of habi-tat
types' This suggest,s females are serecting habitats
according to their requirements and move to areas that will
satisfy these needs. Food, shelÈer, protect,ion from
predators and potential nest sites would be requirements
common to both groups and a similar use pattern would be
expect,ed.

The differences in habitat used d.uring the pre_egg
and egg stages and the decreasing use of forest cover have
been suggested by Marsha1l and Jensen (1937). They found
that sharp-tailed Grouse shifted from woody cover to
grasslands in spring, possibly due to increased use of
arenas at this 'time. ThÍs is probabry true for males bu.
to a lesser extent for females.

i'..J,r:
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changing diet or food availability may cause the

shift ahray from forest areas. A crop from a female
taken in early April c.ontained mainly populus bud.s.
sharp-tailed Grouse at chatfield continued feeding on
Populus bud,s unti-l rate Aprir. A female taken just prior
to egg-laying sÈage had, eaten Lathyrus, Fragaria 1eaves,
grass stems and three populus buds. A laying femare had
eaten Galium, Lathyrus and Arctostaph],Ios berries.

Winter foods are tree buds (Schmidt 1936, Grange
L948) and forbs and green grass are spring foods (Grange

9P. cit., Jones 1966). Svoboda and Gullion (Lg72) noted
t'hat' female Ruffed Grouse shifted their diet from aspen
buds to frost-resistant forbs in early May due to reduced
availability of buds as trees leaf out, and increasing
growth of forbs. Campbell et aI. (1966) report that
Lathyrus contains high protein 1evels in spring. sharp-
tailed Grouse may select it because high energy food is
reguired for egg product,ion (Ricklefs ]*g74). Grasslands
or grass-shrub areas would be free of snoü' earlier than
the forest froor and spring forbs are probably more abun-
dant in these areas during pre-incubation. Females would
probably move to areas of food abundance. Forb species
found in cròps were common at activity sites.

Shrubs common at act,ivity sites (populus, Rosa,
Amelanchier) are typically found in mesic sites arong
forest edges in the aspen parkland (Maini 1969). Compari_
son of activity and. sample sites suggest birds are l0cated
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along an upland-rowrand edge. spring use of this edge
may be an artifact of the shift from winter lowrand
areas (Marsharr and Jensen rg37, Hamerstr,om and

Hamerstrom 1951) to uprand nesting cover (Amman LgsT I
Pepper L972). changing habitat requirements and possibry
more food along the upland-lowland edge may result in
its extensive use. Arso, the edge provides cover from
predators in the form of shrubs whereas in open areas
cover is sparse at this tj-me.

Grasslands and forest vrere used in proportion to
availability, and hayfields were never used. Artmann
(L970) reported ext,ensive use of native grassrands and
little use of hayfierds. preference is arso shown for
mixed rather than pure stands of vegetation; the latter
typifying hayfields (Hamerstrom 1939). Grassland.s used
in this study contained a mixture of native grass species
and forbs. crosed forest, and sapling areas hrere used
less Ëhan their avairabirity and may even have been
avoided. Godfrey (Lg7S) suggests that very dense stands
of shrub which prevent Ruffed Grouse from walking easily
are avoided.

Open areas used in morning and evening probably
correspond to periods of intensive feeding. Heavier
cover, used during mid-day and near dusk, acts as day
resting areas. and night roosts (Marshalr and Jensen 1937).
Prairie chicken night, roosts are usuarry in smarr patches
of closed g.ever surrounded by rarge open grassy areas
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(Jones 196g) ' use of such areas by grouse is probably
related to the screening effectr prêv€nting detection
by predators or ;s_€L\zirt as escape cover when necessary.

cover board results clearly show the difference
in cover provided by the different habitat types used
during the day. open cover is associated with feeding
areas and is used in morning and evening. Mid-day roosts
are always in dense cover. Sites with shrubs or dense
residual cover are probably used due to a lack of current
plant growth. possibly as current growth becomes available
grass and grass-shrub sites would be used more often for
activity other than feeding. ï deÈected no such shift,
but Robel et aI. (Lg7O) found it occurred in Greater
Prairie Chicken.

Daily activity patterns hrere consistent with MaxsonIs
(L977 ) findings for female,Ruffed Grouse in spring.

Greatest activity was in morning and evening corresponding
to feeding period,s with only mini¡nal movement during mid_
day. Movement was not recorded at night roostsr ês birds
moved there near dusk and were still there the folrowing
morning. Christenson (LIZL) and Marshall and ilensen
(rg37) found a simir-ar pattern in sharp-tailed Grouse.
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Use of Burned Areas

r found no nests in the burned area whereas Kirsch
and Kruse (L972) found sharp-tailed Grouse in burned
grasslands nested in such areas successfully. However, :;:,:,,..

Grange (Lg4g) and Amman (1957) state that spring fires
may destroy existing nests or remove residual cover
required for nesting. Residual cover was present only in 

¡i.:..,,:i,:lowland areas the fire missed, whereas sharp-tailed Grouse i.:,'',,1.

i.are typically upland nesters (Amman rgs7, Hamerstrom 1939, i,r.,jï,pepper L972).

rnstrumented females vTere l0cated in the burned :

larea several times feeding there or in immediately ad,jacent 
iunburned residuar or shrub cover. Irïumerous sightings of 
j

unmarked birds occurred in the burned area two or three 
idays after the fire. Fires have been suggested, to have a i

Ifertirizing effect and may induce more ruxurient, prant 
,growth (Amman ]-gS7, Kirsch and Kruse 1970). This may have

attracted grouse observed there in May but wourd not be a .,..,,,r ,,ìì . .;:factor ínfluencing the sightings immediatery following .',.,,,' ,,,,,

::::._l:.: ::.: :the fire.

ï examined siÈes grouse used Ímmediatery after the
fire and' sav¡ no obvious differences in plants avairabre 

[*:.'...for food' current growth was sparse in burned and un- li:;r,i:.'r:';-:-

burned areas. The fire may have increased the avail-
ability or accessibirity of insects. stoddard (1963)
noted that Bobwhite (Colinus virginianus) were attract,ed 

i..ri



108
: ::to insects in areas burned. Large numbers of American , ,,

Robins (Turdus migratorius) foragirlEin the burned, area
i-n the days immed.iately following the fire support this
idea.

Incubation

Nests

Most nests hrere l0cat.ed. within one km of an arena
which is similar to find.ings of others (Hamerst,rom 1939,
Slrmington and Harper Lg57, pepper Ig72). Howeverr they
Ì47ere not always nearest the arena on which the female was
captured. Christenson (Lg7L) reported that an instrumented
female sharp-taired. Grouse nested near an arena other than
the capture site as did Robel et, al. (1970) in the Greater
Prairie Chicken.

Renésts hrere over 200 m from the original nest sites.
one female was located near her first nest site several
times prior to initiation of her second crutch. Femares
may return to sites where first nests h/ere destroyed
because of the availabre nest cover which first attracted
them. However, renests are located. some distance avray due
to the presence of destroyed eggs or flattened cover at
the first nest site.

The mean crutch size of eggs in my study is lower
than Evanrs (1968) mean of L2.0. rf first nests onry are
used to calculate crutch size then my results agree with

i :;.t:..,. -.::. : l

i,i:.:t-:'a...:

1 .. ::.-. :. . ' .:
i l ': ir:a:.'ii
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1,:,Evans (gp. cit. ), as does hatching success (see also
Ilamerstrom 1939, Iiart et al. 1953, pepper Lg72).
Hatchabirity was substantiarly lower (see Hamerstrom
1939' pepper Lg72), due to including a nest where only
five of 10 eggs hatched- rf this nest is excluded ::

.:. . _:-:

then the hatch approaches the lever reported by others.
The rarge number of unhatched eggs in the one crutch

is difficult to explain. Lance and lVatson (Lg77) found 
1,,:,¡;,,,,that two instrumented female Red Grouse hatched only four 
;:;L:,:'-,

ir'..,....,,of seven eggs each and suggest this resulted from instru- 1i..u,,..':

mentation affecting the birds' behavior. Brown (Lg67)
lreported hatchabirity of 9gs in instrumented sharp*taired i

Grouse.As1owhatchingsuccessoccurredatonIyone

nest, r do not berieve instrumentation affected hat,ch- ,,

ability

The femare which hatched harf her crutch was a 
iGroup rr bird and may have mated with a subordinate male 
r,,Such males probably have J-ower sperm counts (see Eng 1963
:,Nitchuk L969) and fertilizat'ion could have been incomprete. iut,,l!

Alternatively, copuratÍon is often interrupted by mares ,.,,,'.1

nales 
': '' :

(Schwartz L94S).

The egg-raying rate r recorded is comparable with i:.:::::::;,:
l.:: :: r:,'.,,;i::,:;ìthatofothertetraonids(Lehmann1941,PaÈterson1g52).

rt is not known for sharp-tailed Grouse alÈhough Johnsgard
(L973) suggests it is about one a day. The incubation 

:

period has been reported ranging from 21 to 25 days (Bent



L932, McEwen and Brown Lg6g,
and my results (23-24 days)
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Lembury in Johnsgard Ig73)
are within this range.

Nest Site llabitat
All nests hrere beneath overhead cover. fn

brushland and. forest, overhead cover (shrub, tree, Iog)
is present at. most nests (Hamerstrom I g3g, Ed,minster
L954, pepper Lg72), whereas in grassrands dense residual
cover is selected. (elus and Walker I 965, Christenson 1971,
sisson l9z5). plant species composition at nests and
sample plots was similar. Evans (196g) conclud.ed t,hat,

" structure raÈher than species composition influences
site selection. Recent studies support this idea (pepper
L972, Ca1dwe1l Lg76, Sisson 1975). Hamerstrom (I939)
noted that a mixture of plant. species was serected for
nest sites when available and such was Ëhe case in this
study' species composition may be an indicator of micro-
habitat selected and possibly required for successful
nesting.

Residual cover height was simirar at nests and
sample plotsr although others (see above) have suggested
it is significant in nest site rocation. At sites where.
it was absent 1eaf litter Ìâ/as present, especially at
nests in open forest glades. The presence and depth of
litter is important to some ground nesting prairie birds
(Tester and Marshall 196I). r only noted its presence or
absence and generally found it only at woodland sites.
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Presence of tall residual cover
most, significant factor in nest
area.

or litter is not the
site selection in this

Height of thé current seasonrs grass and forb
growth was similar at nests and sample p10ts. Hovrever,
nests did have greater densities of woody stems, and
shrubs were taller there. lvhen nest sites were first
selected (in mid-M.y) shrub stems would be one of the
few forms of cover present. pepper (L972) believed
woody stems were an important component of nesting habitat.,
and Caldwell (L976) found glg of nests rtrere in low shrub
cover.

rn grassrands the height of the major plant species
at nests is important (Christ,enson Lg7I, walleitad and
Pyrah L974) - At chatfield the row density and height of
residual cover and lack of current growth when nests are
initiated resurts in femares choosing woody stems as an
alternate screening mechanism against predators. sharp-
tailed Grouse in grasslands serecÈ woody nesting cover
when residual grass cover is inadequate (Kohn Lg76l.
Grass and forb production is low in parkrands as compared to
grasslands (Bai1ey and Wroe Lg74) and the residual cover
they provide the forrowing year wourd be ress than that
of grasslands. Females, therefore, probably select sites
in shrubs as they offer the best cover avairable. Most
nests had a northern exposure as suggested by Brus and
9üalker (1965) - Bobwhite orient their nests as a negative

;;ii:¡ir:,.1 r::tìi' . ir:
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reaction to prevairing winds or the sunrs location
during the hottest part of the day (Krimstra and
Roseberry 1975). sharp-taired Grouse negis with a north
exposure, and hence overhead. cover on the remaining sides
would be shaded most of the afternoon. overhead cover
arso protects them from predators and may be especialry
important in screening eggs when nests are unattended
(Dwernychuk and Boag Lg72).

cover board and. percent penetrated light, quantified
cover afforded by vegetat,ion at nests. Measurements hTere

taken after hatching and. vegetation had changed greatry
since nests were initiated., giving greatry inflat,ed cover
readings. However, pepper (Lg72) suggested they are
stiIl ind.icative of the quarity of sites and therefore
useful for comparing areas. Nest sites are probably
serected for the cover the site provides at the time of
site selection. The proximate stimurus is rikely the
density of low shrub cover. such sites are bound to have
greater cover than other sites once the leaves appear on
shrubs.

Little is known about movements of femare sharp-
tailed Grouse during the incubation period. ï found. them
very attentive with most absences from nests occurring in
the evening. catdwert (1975) found females spent over 95t
of the d'ay on the nest. Females usuarly leave the nest,

-- .-: ' .: : '_.: '



113

for a morning and evening period to feed. (Hart et al.
1950' Artmann 1g70) although Maxson (Lg77) noted that
female Ruffed Grouse were absent two to five times each
day. McCourt et al. (Lg73) suggest that the differences
in nest attentiveness may be related to the proxirnity,
quality and quantity of food during incubation. Femares
r l0cated away from nests were always within 150 m of
them (see also Artmann 1970). Amman (1957) and S¡rmington
and Harper (L957) suggest that nest sites may be selected
init'ially near an abundant supply of food. a point, ï
have already discussed,.

Females were often l0cated 3-5 m from nesËs and
may have been birds returning to nests or leaving to forage.
However, monitoring showed these birds were usualry
sedentary, and such observations mainly occurred. near mid_
day on rainy days. Femares may travel onry short distances
d.uring inclement weather to feedr possibly reducing the
time spent ariiay from the nest. Also, by feeding at mid_
day on such days, the eggs would be exposed to ot,herwise
cool temperatures d.uring the warmest part of the day.

Nests situated near stands of dense cover have been
reported by Bent (Lg3zr, Bernhoft (1969), pepper (Lg72)
and in this study. Femares r frushed from nests "feigned
injury" or performed distraction disprays (see arso
Mccourt et gl. 1973). This probably serves to draw
mammalian predators away from the nest and the nearby
d'ense cover acts as escape cover for the female. Ìn

l.
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grasslands, prairie chickens frushed from nests ,feigned
injury" for a short distance and then frew 0.5 km or more
from the nest (Schwartz L94S). By nesting near dense
cover female sharp-taired Grouse wourd require only short
flights that conserve energy, a varuabre commodity d,uring
incubation. Cald.well (1976) has shown that females
operate at, an energy deficit during incubation.

various habitats are used by femares when away from
their nests- However, ar1 feeding birds were observed in
grassland's or grass-shrub areas. crop contents of an
incubating female contained mainly Lathyrus, Tharictrum,
and' Taraxacum, alr of which are common to ,,prairie,, areas
in spring (Budd and, Best, 1969). Taraxacum and Lathyrus
are known spring foods (Grange ]-g4g, Jones Lg66) and the
leaves of Lathyrus are high in protein in spring
(Campbell et aI. 1966).

ïncubating females appear to feed selectively on
high energy foods. The short foraging periods each d.ay
demand abundant food crose to the nest. Numerous clocker
droppings and observations of birds in the same areas
repeatedly suggest use of the same feeding site. This
is supported by McCourt et al. (1973) and Maxson (197g)
in other tetraonid,s. Therefore nest, sites appear to be
placed, near a supply of high energy foodr good escape
cover and where the nest itself is suitably protected by
the cover provided by vegetation.

iir:!t{'iìiji:;ì:'.,1l1ì

i i : r.
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Brood-rearing Females

Home ranges of females with broods were smarler
during the first tv¡o weeks of brood-rearing. This agrees
with Artman (1970) and Kohn (Lg76), but christenson (r97r)
reports ranges more than twice the size r found. Depend-
ence on females for brooding may result in the small home

ranges r observed at, thÍs time. Femares with broods did
not use the same sites in their home range repeatedry,
but remained in an apparentry defined area. schradweiler
(f965) and. Godfrey (Lg7S) suggest Ruffed, crouse broods of
a similar age have no welr defined range and undergo

"preliminary wandering" in search of a suitable area.
Early workers suggest broods move only short

distances from the nest for a week or two after hatching
(Hamerstrom and Hamerstrom 195r, uhlig and Hamor Lg64l
Kohridger 1965). r found, movements hrere short, but the
birds moved aviray quickly from the area near the nest,
after hatching. Christenson (1971) also reported short
daily movements in young broods.

The movements r recorded are probably infruenced
by several factors incruding the avaitabirity of food,
shelter, and weather. periodic brooding of young grouse
chicks is required. (Koskimies Lg62) and. cool or wet
weather may increase the ti¡ne spent brooding (cartwright
L944, Boag 1966). This would reduce foraging time per

115
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day and. therefore the d,istances moved. Zwickel (Lg67)
suggested brooding period.s are rhythmic and ind.epend.ent
of weather in Blue Grouse. Hovrever, this species lives
in areas of abund.ant rainfall and popurations rnay have
adapted to wet conditions.

coo', wet weather in both years of this study
may have affected movement patterns. such weather has
been impricated in reducing movements and foraging time
(see above). The evid,ence avairabre on the affects of

weÈ weather on brood's is crearly controversiar and,
incomplete' Horvever, r suggest wet weather red.uced. daily
distances moved. by young broods in this study.

The female r observed. remai-ning at the nest after
hatching and brood,ing chicks there is unusuar and was
probably induced. by cool rainy weather. schwartz (1945)
noted' that Greater prairie chicken leave the nesÈ eight,
to 24 hours after hatching whereas Lesser prairie chicken
remain less than four hours (l,ehmann Lg4L). Caldwe1l
(L976) found that young sharp-taired Grouse did not
develop a good, metaboric response to cold untir rg hours
after hatching. Brooding the young near the nest afÈer
leaving it may have resurted from the chicks becoming
wet from moving through wet, vegetation.

ï found the dairy movement, pattern of broods ress
than two weeks ord. simirar to christ,enson,s (r97r) study,
except for the ages of young involved. Broods ress than
two weeks old did not move to open areas untir werl after
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,'sunrise, with femares brooding young at night roosts

until this t,ime. Maxson (Lg77) found that Ruffed Grouse
broods d'id not reach a peak of activity until one to
three hours after sunrise and. suggests this is due to
cool morning temperatures and. wet vegetation caused by ,,,,,,
dew.

Home ranges Ì'rrere rarger for females with chicks
older than two weeks. Grassland Sharp_tailed Grouse home 

i,:1,*ranges for this period are larger (christenson rgTr i'.,,,,,¡

LKohn L976) whereas in brushrands my results are comparable l.,'.,,r.',

to Artmannrs (1970). fhe smalrer ranges used in brushlands 
lmay be i-nfluenced by the diversity of habitats avairable 
,

overasma11area.Distancesmovedbetweenfeedingand

resting sites may therefore be reduced. :

:Females moving broods to their su,nmer range probably 
iprod'ucedthelongdaiIymovementsinbroodsthreeweeks

ord'' God'frey (1975) suggests that long dairy movements of 
j

Ruffed Grouse broods take prace when broods are ,'rearning,,

their home range. rn sharp-taired Grouse this and changing ,,-.,,.,',ì.'

food requirements of the young as well as possible changes .'.,,,1
: .: .:i:::in availability (see Bernhoft 1969, pepper Lg72) may affect

movements. As broods become established on sùmmer ranges
and. become familiar with dusting, feeding and roosting 

;:,,1, jareas, dairy dist,ances moved decrease. Home ranges ir'',,.',.,,

consist of severar preferred sites that are used repeatedly.
These sites may be come distance apart and, are interspersed
with areas only used, occasionally or that serve as travel

I ..,: :r.ri:;,:¡:'
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routes.

f found that early brood home ranges are rarely
included in the sunmer range r ârd this is support,ed by
Vtallestad's (Lg7L) study of Sage Grouse broods. In my
study' the abandonment, of the early brood range may be
rerated to increased mobility of the chicks as they
mature as well as changing diet.

l'::-::: -:r'

Broodless Females ,,,,,,,,

Broodress females used home ranges smaller than the ,,:.¡,;,',;:',;,':'

stunmer rangles of brood.ing birds. Broodless f emales could
probably meet their food requirements in a smaller area 

,

than females with broods, that must find food for several .

ichicks as well as themselves. The changing diet of the l

youngcomparedtothere1at,ive1yconstantdietoffema1es
i(Grange Lg4g, Jones Lg66) would affect home range size and 
i

movements. Schladweiler (1965) an¿ Maxson (I97g) found I

that brood.less femare Ruffed Grouse had smalr.er home ranges
than brood-rearing birds. ,, ,,,r , ,,

HoIRe Ranrra ôrzarl -^

ontry slight overlap in brood home ranges occurred
in this stud'y, and where it occurred there was no mutual
occupation of sPace. Aggressive encounters r,¡ere not
observed. overlap has been reported in Ruffed Grouse
(Godfrey 1975, Maxson LgTg) but Godfrey (op. cit.) found
no mutual 0ccupation of space and suggest,s behavioral
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mechanisms produce this separation. Keppie (Lg77)

found. that brood mixing sometimes occurs in grouse,

inferring that, spatial separation j-s not always maintained.
Home ranges established. during pre-incubation when ag-
gressive levels are probably higher (see Herzog and

Boag L977) distribute females throughout availabre habitat
and. during brood-rearing arl should have a home range.
Therefore, if the same range is used throughout the breeding
season overlaps should be rare. Fig. 29 suggests that
although the pre- and post-incubation ranges overlap they
are not identical. Thus, other facËors must maintain the
mutual exclusion and low incidence of home range overlap.

r observed onry one broodless female with another
broodless sharp-tailed Grouse. christenson (1971) noted
brood.less females togeÈher several times. Hart et al. (1953)

suggests females without broods begin flocking in late
sunmer. The frequency of flocking or forming groups may be

greater than r recorded as r attempted to locate birds
without flushing them.

rf broodress females do not aggregate, as suggested

by others (nobel et al. Lg7o, Zwickel 1973), and brooding
and broodless females do not come in contact, then some

mechanism must maintain the separation; aggression has

been questioned. (Herzog and Boag Lg77). The hypothesis
put forward above, that home ranges established during
pre-incubation are maintained, was tested. Fig. 30 shows

that onry a very smarl part, of the pre-incubation range
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Figure 29. Pre-incubation (broken line) and

post-nesting (sotid line) home ranges

of a brood-rearing female (4107).
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Figure 30. Pre-incubation (broken line) and

post-nesting (solid line) home ranges

of a broodless female (4109).
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falls in the sunmer range. Therefore mutual occupation is ', ,,
prevented by some other means and aggressive interactions
should not be completely ruled out.

Late Sur¡ner Shift in liome Range

The shift in home range r recorded in 1976 probabry
refrects the deterioration of habitat due to unusualry dry

'weather that year' Brown (1966) and Hart et al. (1953) 
, .-,i.,, .::;,

record'ed' shif ts in home ranges of broods in late summer. t ,,.-.-;,..:r.,,,'..:,
The new home ranges r^¡ere smarrerr âs suggested by vtallestad 

,¡r,.,¡:.ir..,;.t ..:: - ..."(197r). This may be reLated to reduced areas of quality
habitat that remained or changing brood reguirements. rt 

'may also reflect compression of home ranges as several 
ì

broods move into the same area or into areas arready being 
;

used. by other broods.

The overlapping ranges in the nehr area used by two
of the brood rearing females is int,eresting. The female :

which first established her new home range in the area
continued using the overrap area whereas the femare that 

i;i;i;:.:=r.i.arrived there severar days later did not, after the initiar 
l,:,.,;.r,:,,:ir,.-:.

overrap. The first femare by being estabtished there would 
r::::': :i'::ì:;':

have an advantage in any aggressive encounters, although
none were observed. Aggression may increase when severar
broods are forced into small tracts of suitable habitat. i.,,.'; ,,:,r.',
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Post-nesting Habitat Use

At Chatfield the grass_shrub habitat, used
,

extensively by broods, contained a variety of grasses,
forbs and shrubs and wourd provide broods with food and
cover in c10se proximity. This habitat is therefore pre-
ferred. Bawrgartner (1939), Hamerstrom (1963) and Uhlig
and rlamor (L966) report use of simirar habitat by broods.

Use of grasslands was not substantial but was
greater than its availability. Hamerstrom (1963) found
only 14* of broods observed Ìvere in grasslands. use of
hayfields is reported (xobridger 1965, pepper Lg72) but
ï found they hrere rarely used. This may be due to their
scarcity in the study area and the greater availability
of sites with native grasses and forbs. Reduction of
native grass stands can affect distribution and habitat
use of broods and increase use of hayfields (pepper Lg72,
sisson 1975). Broods often use brushy draws in grasslands
(aldous 1943, Bernhoft 1969) and Hart et aI. (1953) found
increased use of such areas as summer progressed. f
found that the same habitat types were used throughout
the summer. This rnay indicate that females with broods
have availabre to them food and sherter in abundance and
no change in habitats selected is required to meet the
needs of the developing young.

Forest habitat was used 20E of the time during
brood rearing. rts use has received much attention but
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result,s are controversial. peterle (LgS4) and Amman
(L957) noted extensive use of wooded areas by broods.
Alternately, Hamerstrom (1963) noted it is only
occasionally used by broods, as did Moy1es (Lg77). ft
is known that broods are more difficult to 10cate and
flush in dense vegetation (eaumgartner 1939) and this
may bias earlier studies that !î/ere dependent on flushed
birds to denote habitat use.

r observed broodress females using forest and
shrub habitats most often and seldom using grasslands.
Habitats used by broodless femares are poorly documenËed.
Baumgartner (1939) suggests they use dense shrub thickets
and Moyles (L977) found that those without brood.s (mares
and females) used dense shrub or forest most often. Forest
and shrub habitats were abundant, in the stud.y area and
probably not li¡niting in most home ranges. Therefore no
change in distribution of broodless females wourd be
expecÈed once birds were on summer home ranges and
therefore no aggregation of females as suggested by some
authors occurred.

Non-use and possible avoidance of the sapling
habitat by brooding and broodress femares is notabre.
Artmann (L970) and Godfrey (lg7l) suggest that habitats
may be serected or avoided depending on the ease with
which grouse can move through them. The sapring habitat
in this study was mainry aspen saplings which were very
dense in most stands. Brooding females may avoid these
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areas as maintaining the brood's integrity whire
passing through them could. be a probrem. All females
likely avoid these areas due to difficulty in walking
through them in spite of the protective cover they may
afford.

The marked difference between habitats used by
brooding and broodress femares may arso be rerated to
differences in their food requirements. rnsect,s, mainly
grasshoppers are the main food of chicks (criddle 1930,
Pepper 1972, Sisson L}TS) and are most abundant in
grasses (Uvarov 1963). Adults feed mainly on forbs
(Grange 1948, Jones 1966). The diet, requirements of
broodless females may be met more efficiently in denser
cover where forbs are abund.ant and less likery to dry out
in summer. Brood,ress females make onry occasionar excursions
for short periods into open areas whereas broods use them
extensively and remain there longer. Broods wourd require
more foraging ti¡ne because chicks are inexperienced and
also, must pursue active prey. A femare with a brood may
have to move through a variety of habitat types to meet
the reguirements of the chicks as well as herself.

The difference in habitats used, during the day is
probably related to changing food availabirity and cover
requirements. Microenvironment may be important in
selection of habitats as temperature and humidity can
determine the distribution and behavior of insects
(Patton, 1963r Uvarov 1966). Jones (1963) and Stiven

':::_
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(1961) suggest that, presence of insects does not mean
they are accessible. Therefore, energy derived from
foraging may not exceed energy expended. Foraging periods
are probably determined to some degree by the availabirity
of insects at 1east for broods.

cover board readings substantiate the hypothesis
that there is a variation in cover serected over Èhe d.ay.
use of dense mid-day cover has been documented by severar
authors (Baumgartner 1939, Hart et al. 1953, Evans 196g).
Of interest is cover at night roosts; sites used repeatedly.
They are usually in cover d.enser than found at feeding
sites lsee also ,.Sisson 1975) or mid-day rest,ing areas.
High cover varues of sites used at sunrise and near sunset
are the result of females brooding young at night roosts
at these times. These resurts are contrary to pepperfs
(L972) conclusions. He suggests open areas are used at

dawn and dusk arthough his data shown greatest use of open
areas at 1&00 hr - lgoo hr in evening and higher cover
values from 2OOO hr on.

The difference in temperature at brood l0cations
and ambient temperature is noteworthy. Hunt (Lg74) founa
that temperature affected the use of shaded and unshaded
sites by Gray partridge (perdix perdix). Temperature of
brood sites serected may directry affect the survivar of
young (Lehmann 1941). The moderating effect of tall vegeËa-
tion on ground temperature beneath it has been documented
(wolfe et al. r-949). Femares rearing broods seem to select
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mid-day resting sites in particular in relation to the
site temperature as welr as the cover available.

Brooding behavior is important in maintaining body
temperature of young Galliformes (Ricklefs Lg74).
Femares r studied seem to choose habitats which will offer
protection for themserves and broods, from the elements
as well as predators during periods of brooding. Also,
these habitats may function as moderating factors on
environment'al extremes at such times. Although sharp-
tailed Grouse order than two weeks probabry require rittle
brooding, (Caldwel1 Lg76) tt¡is behavior may still be
important in drying chicks or helping them retain body
heat under wet cond.itions. This is verified by observa_ l

,tions of females brood.ing order chicks d.uring rainstorms
and on mornings with heavy dew.

species composition of sites .,r".¿ by brood rearing
and broodless femares show only sright differences in
sites selected'. use of denser shrub areas by broodless
females confirm Baumgartnerrs (1939) suggestions. Shrub
species at sit.es ind,icate brood,less females use some
rowland sites although this was not confirmed by grass
and forb composition. Brooding females use sites with
more upland. speciesr or those common to edges (Maini
1968, Moyles Lg77). pepper (LglZ) found broods used
edges also. The d'ifferences in species composition may
reflect the different habitat requirements of the two
groups of females.

:1.:3.1:- ..'

::., ':-.., l:'fr l:



t28
Habitat types used during post-nesting seem to be

related to the status and therefore requirements of the
birds' Broodress females appear to meet thei:: food and
cover requirements in relatively dense cover and rarely
use open areas. Females with broods must meeù the
changing requirements of the young as well as themselves.
This results in a more variable habitat use pattern.

Late Summer Shift and Habitat Use

The late summer shift in home range by brood
rearing females was probably the resurÈ of extremely dry
conditions and their affect on vegetation. young grouse
and femares feed on forbs during rate summer (Bernhoft
L969, pepper L972) as werl as insects. rnsecÈs especialry
grasshoppers require gre'en grass for food (Dadd 1963)
and are severery affected by combinationscf high tempera-
ture and. row humidity (uvarov 1966). The dry conditions
present would reduce the avairability of required food
items in uprand sites. They would arso reduce the cover
provided by forbs, which may be important (see Mussehr
1963). Femares with broods wourd have to seek alternate
feeding areas in their- home ranges or move to new ranges
where habitat conditions are more suitabre for rearing
broods.

Forested areas and J.owlands had succurent vegetation
present well into late August. Broodless females had such
habitats present in rarge tracts in their home ranges and
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d'id not have to move i-n search of food or cover. The
new home ranges of brood rearing females were associated
with denser cover and rowrand areas in some cases marshes
viTere present. Brown (1966) reported a change in habitats
used by sharp-taired Grouse under simirar conditions.
He found they moved from grasslands to shrubby areas as
the vegetation at the former sites became desÌccated (see
also ltallestad 1971).

summer habitat use is probably related to the
requirements of the female and brood or female al0ne in
broodress birds. These include food and shelter from
environmental extremes or pred.ation. lfhereas these are
usually avairable within the home ranges of each bird or
brood, unusual situations may result in changes in home
range location to meet these requirements.
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CONCLUSTONS

pre_nesting home range and moverrlêr¡t pêtterns 
,,.r. .indicated that two groups of females existed.. Tr.ie ,..;-

movement patterns of one group suggest that a segment
of the ¡;opulation dÍsperses at or near the onset of the 

i,r ,., ,,breeding season. !'Ihether these femares are less aggressive ¡.,,,..i.ì
or are )zoung birds was not concrusi_ve'y determined. The 

i:::ì:.1
movemenÈ patterns did show that fernar_es are not nembers of i.':':'it"

discret'e subvopulations situated around one parËicular ,

:

arena- The shift in habitat preferences shown by all .

fema1esduringpreenestin9isprobab1ytheresu1tof
changingdietorfoodavai1abi1ity.Ïtmaya1sobe

related to nest seeking activity. 
i

Analysis of nesting habitat showed the sites are 
i
Iselected in dense stands of shrubs in'otherwise open 
l

habitats (grass-shrub). Nests were rocated near forest
or d.ense shrub areas, which acted as escape cover for 

:':': 
"':'': '

t 
.. , ,fentales flushed from nests. Movement patterns of femares ,, i,',:.,'

during incubation ind.icated that nests are rocated near
feeding areas. Tire proximity of a high quality food supply
may be more significant in nest, site serection than iì.,,..'',..i-.
previously suspected.
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The difference in home range, movement patterns
and habitat use by femares with broods less than two
weeks old, compared to older broods is probably the
result of the changing diet. of chicks as they mature.
Differences in home range size and habitat use by brood-
rearing versus broodless females also reflects the
difference in food requirements of the tvro groups.
Larger home ranges of brood.-rearing femares would be
required. to feed the brood consisting of several birds,
whereas a lone femare can meet her requirements in a

smaller area. Also, the more varied. and. changing diet
of an adurt with a number of chicks compared to the more
constant diet of a rone female wourd require different
habitat use by the two groups.

ïn general, home range and movement patterns
indicate females space t,hemselves, throughout, preferred
habitats, during the entire breeding season with rittle
overlap in home range- Habitat types hrere not used in
proportion to availabirityr ât any Ëime during the
breeding season, suggesting females are select,ing
particurar habitats for different activities.
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RECOMMENDATTONS

(1) A year-round' study of habitat use by males and
females should be undertaken. rt should extend
over several years to account for atypical
aspects of weather or vegetation that could occur
in one year (example 1976). A complete knowledge
of habitat use is essential before any habitat

. 
management program can be initiated.

(2) The home range movement study should. be cont,inued
to determine the significance of dispersal, which
segment of the population is involved and if it
occurs annually or as a result of population 1evels.
AIso, knowledge of the area (home ranges) reguired
by ind'ivid'uals throughout the year is essential
in order to d.etermine the size of land units that
can successfully be used to manage a population of
Sharp-tailed Grouse.
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APPENDIX 1. Female Sharp-tailed Grouse instrumenÈed
d,uring Ig76 anð, L977, Chatfield, Manitoba.

Transmitter
Number

Period Tracked
(Days)

Status (on Last
Day Tracked)

I 911
L9L2
6489
4L02
6487
-06

6493
4LOL
6490
1933
-068

4L04
4L06
41018
L-8 .4
4107
4105
41068
4109
6492
4103
6486
6484
64868

(40)
(3)

(3e)
(es)
(7 6)
(6)

(øt ¡
(oo)
(4zl
(33 )
(22',)

L97 6

24April- 3June
l! aprij- 27 ApriL
24 April 2 ,¡úne
19 ¡t"v F 13 August
?9 ¡t"V 13 Augusr
31 May 6 ,¡uñe
7 June - 13 AugustI June 13 August

_ 
2 July 13 Aufust

11 July 13 AugusÈ
21 July 12 August

L977

24 April 31 May
25 April - 27 Ap;iI
26 April L  Mày
26 Aprit - 2L June
26 April l0 August
27 April 12 AugusÈ
28 April 9 May
28 April - 26 JulyI May t3 Juné
I ¡t.y 13 May
1 !t.y 17 May

_1 ¡¿uy 6 May
22 May t2 August

(38)
(2',)

(18 )
(se )

(106)
(107 )
(1r ¡
(8e)
(43 )
(10 )
(1a ¡

(2't
(82)

Signal 1oqtl
Predationz
Predation2
Study ended
Study endedpredãtion2
Study ended
Study ended
SÈudy ended
Study ended-
Signal lostr

Predation2
Predation2
Predation2
Predation2
Signal l-ostr
Study ended
Predation2
Signa1 tosrl
Signal lostf
Predation2
Predation2
Signal lostl
Study ended

't-After ext,ensive
located.

searching, the radio signal could not be
2Remains of bird 1ocated.



APPENDTX 2. Principle plant species fotrnd in habitat
types in the Chatfield study area.

149

HAYFIELD

ffii#$,ffiË(L,Lam
9W.s¡-Fièss-sHRgÈ.r-smuè,H.":åi 

;ffii::) are presenr

#n:e' Håi*tÊ-li s Moench'
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SchïzacEnã r
F-ffi=-ffi (ro:r' ) 

'"¡alie:r
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¡tarte
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Appendix 2. Continued

lotg!t!$a_ans.erina L.
5' ry Pursh
P. fruticosa L.l,:-r<u.ous l_daeus L.

-
ïrunug virgi+iana L.E. pensylvanica L.t..

Nutt.
=---
H off icinalis (r,. ) r.aî.

ffiffiffiisirrçaa americana ¡¿uli1.

-
lalnyrus achroleucus Hook.1,. venosus ¡tu-fl vãE intonsus Butt + St. Johntinl4 ii pursh

-
+%Y9a.ra _ çenega L.
{+us pradicans L.
jj*919nu! commutata Bernh.
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-

.rr 
sprens.

rJr-cnospermum canescens (Uictrx. ¡ Lehm.M-õna.;aä-Ïiluffi \¿¿r
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j:""', Butters
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ffiåffiuuffi.fIuo'
F=t++lify" -"t min""i schrad.

ffi'ffi#,*"I:=nArtenesia-_ffiîrra.
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3.*+?ov+clana Nutt. var qnaphalodes (Nutt.) T. + c.Þenec]-o sÞÞ.

-aum 
arYgnse (L. ) Scop.ri. orummondi T. + G.:'l'araxacum officinale !{eber

Fnchu? aryens
ffi g1agca (Nutt. ) Greene

Butt + St. John

(Nutt.) T. + c.

i,,1,

-

flreracJ_um umbell_atum L.
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Appendix 2. Continued

(Not r1l species present
P-icea glauca (Moench) vos= tn each habitat type)

",üã"r,"r,

E. pergans (Torr. )'swallen
t,oa pratensis L.
Agrgpyron repens (L. ) Beauv.
å: t.rachycaulum (Link) Ma1te
È;rymuq canadensis L.

-

-Ei. rnËerruptus Buckl .
¡tunrenberqia_ glomerata (Willd. ) Trin.

J" (*i"rr*) uutt.@'ffi
@. lBeauv.çarex spp.
Lilium philadelphicum L.mffEiffi to."r.l
ææi:-ffi"mræ=Ënxl'-:r+i, " s;;;. '
ùiaJ_J_x spp.
S americana walt.
9. cornuËa l,larsh.
Betul_a glandulosa Michx.
!?uercus macrocarpa Michx.
gnemone canadensis L.
Tha-fü-trum venuñ-sum tref .@.ndffix:---'
Rosa acicularis Lind1.

-n{ffit ffiF".T;. X3'"P Po r te r
P.-ffis îfte-eus !irigo=,r= (Michx. ) Maxim.5@nar.---Prunus virgj_niana L.
t. pensytvan j_ca L. f .

ffi+årffiiËffH
rc venosus Muh1.
I4us radrcans L.

-
Rnamnus alnifolia LrHeÉ.ñE-sÞõ-
ffi.ffir.
uanl_cu1a marilandica L.
Cornus stõIóãTffiTichx.

-

Evro +a a sãifrõfE-uichx .centiana Eiffi-rroel.
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Appendix 2. Continued

+pocvlum_ andros+emifolium L.
uonvofvulus sepium L.
#i9 coccinea (L.) Spreng.
r:edl_cularis canadensis L.
Garl_um þoreal_e L.
F_=]@ it var glaucescens (Rydb. )

-

Viburnum IenEõ l.J_enE.ago
v. ratLnesguianumv. ratLnesguianum. Schultes
v. trl_tobum Marsh.

Butters

Aster spp.
Petasites
Taraxacum
Effirm
MARSH

umbellatum L

palmatus (a:_t. ) Gray
õFffile weber

Typha latifolia L.
W festuçacea (I^IiIld. ) Linkvnragml-tes communis Trin.
Hordeum jubatum L.
ga+amagrostis neglecta (Ehrh. ) Gaertn.,
scJ_rpus acutus }luhl..-s. paludosus Nels.
Carex spp.

t{ey. + Scherb.

l,lentha arvensis L.




