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Abstract:

Ferruginous hawks (Buteo regalis) were studied on 492 km of public land in southeastern Montana
during the 1981 and 1982 nesting seasons. Nest sites were significantly removed from roads and areas
of continual human activity. Ninety-one nests were located, 97% were situated on the ground in
association with hills and ridges encompassing broad, flat valleys. Sixty-seven percent of all nests were
located on the ends of side-ridges, knobs on ridgetops or lone knolls. Eighty-three percent of all nests
were on slopes which were oriented in a 180° arc from southwest through north to northeast with 24%
possessing a southwest orientation. Nests which were occupied in the 2 years possessed significantly
more vantage from the nest than unoccupied nests. Bare ground and grass-forb cover within a 5 m
radius of all nests differed significantly between the years while big sagebrush (Artemisia tridentata)
cover averaged 15% in both years. Occupied nests in both years had similar levels of grass-forb cover
(32.7 and 36.8%, respectively) adjacent to the nest, in spite of the significant differences noted at all
nests. Increases in grass-forb cover measured at a nest were accompanied by decreases in sagebrush
cover. Twelve and 11 nest territories were occupied during the 2 years of study, out of a potential of
25. Two-year average clutch size was 2.69, and 26% of all occupied nests were successful. Five
juveniles were fledged each year, for an average of 1.67 juveniles per successful nest and 0.34 per nest
attempt. Predation and sibling fratricide were the major causes of nestling mortality, accounting for 34
and 27%, respectively, of the total progeny loss. White-tailed jackrabbits (Lepus townsendii)
represented the greatest frequency (24.4%) and biomass of prey items collected from nests. Other
important prey items and their frequency of occurrence included western meadowlarks (Sturnella
neglecta) 18.3%, thirteen-lined ground squirrels (Spermophilus trideoemtineatus) 12.7%, and northern
pocket gophers (Thomomys tatpoides) 11.7%. Low prey densities and decreased prey vulnerability are
implicated as major factors contributing to the dearth of nesting pairs and poor reproductive output.
Notes are included concerning relative abundances of potential prey, the raptor community, and the
behavior of adult and juvenile ferruginous hawks.
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ABSTRACT

Ferruginous hawks (Buteo regalis) were studied on 492 km2 of
public land in southeastern Montana during the 1981 and 1982 nesting
seasons. Nest sites were significantly removed from roads and areas
of continual human activity. Ninety-one nests were located, 97%
were situated on the ground in association with hills and ridges
encompassing broad, flat valleys. Sixty-seven percent of all nests
were located on the ends of side-ridges, knobs on ridgetops or lone
knolls. Eighty-three percent of all nests were on slopes which were
oriented in a 180° arc from southwest through north to northeast with
24% possessing a southwest orientation. Nests which were occupied
-in the 2 years possessed significantly more vantage from the nest
than unoccupied nests. Bare ground and grass-forb cover within a
5'm radius of all nests differed significantly between the years
while big sagebrush (Artemisia tridentata) cover averaged 15% in both
years. Occupied nests in both years had similar levels of grass-forb
cover (32.7 and 36.8%, respectively) adjacent to the nest, in spite
‘of the significant differences noted at all nests. Increases in
grass-forb cover measured at a nest were accompanied by decreases in

sagebrush cover. Twelve and.1ll nest territories were occupied during -

the 2 years of study, out of a potential of.25. Two-year average
clutch size was 2.69, and 267 of all occupied nests were successful.
Five juveniles were fledged each year, for an average of 1.67 juve-
niles per successful nest and 0.34 per nest attempt. Predation and
sibling fratricide were the major causes of nestling mortality,
accounting for 34 and 27%, respectively, of the total progeny loss.
White-tailed jackrabbits (Lepus townsendii) represented the greatest
frequency (24.47) and biomass of prey items collected from nests.
Other important prey items and their frequency of occurrence included
western meadowlarks (Sturnella neglecta) 18.3%, thirteen-lined ground
squirrels (Spermophilus tridecemlineatus) 12.7%, and northern pocket
gophers (Thomomys talpoides) 11.7%. Low prey densities and decreased
prey vulnerability are implicated as major factors contributing

. to the dearth of nesting pairs and poor reproductive output. Notes
are included concerning relative abundances of potential prey, the
raptor community, and. the ‘behavior of. adult and juvenile ferruginous
hawks. - : : :




INTRODUCTION

fhroughout its.breeding range populations of ferruginous hawks
(Buteo regalis) are stable or declining slowly, ‘with habitat loss
posing a serious threat to any stability (Evans l9é2). In 1973-the
U.S. Fish and Wildlife Service (USFWS) classified the ferruginous hawk
as "status undetermined" (USFWS 1973). This bird has been listed on
Audubon's Blue List as a species that displays noneyclical population
declines or range contractions either locally:or on.a more widespread
level (Iate 1981)

The present status of breeding populations of" ferruginous hawks

" in Montana is uncertain. Nesting concentrations occur in the extreme -

southwest in Beaverhead County and in the extreme southeast in Carter
' County (D. Fiath pers. comm.). in addition, scattered‘nesting'has
been reported along the northern tier of counties‘east of the town of
Havre.

My study was established in 1981 on a iarge, neariy contiguous-
block of public lands in the Carter County area. -Preliminary recon—’
naissance of this area in 1977 and 1979 by personnel of the U.S.
Bureau of Land Management indicated a substantial nesting population
of ferruginous hawks..- My study obJectives were to investigate the
distribution and habitat use of all raptors, with special cons1dera—

tion given to characterlstics of nest sites, food habits, productivity

and behavior of ferruginous hawks. The field season in 1981 began in




.early April and terminated in'mid-Septembéf‘and éxténded’from ﬁid'q

'April to mid-August in 1982. N

2 .




' STUDY AREA

The study area was 1ocatéd in the:southeéstern corner of Monténa
beginning approximately 21 km (13 mi) %outh of FEkalaka and continuing
in a soﬁtherly direction for 24.km (15 mi) (Figure 1). At its
gréatgst east-west width the area sfanned 34 km (21 mi), extending
roughly from‘Bbx Elder"Creek on the east'té.the éhélk Bﬁttes Road on:
the west. 'Land ownership of the 492'km2 (190 miz) stu&y area was 847
federal (BLM), 5% state, and 11% private. " The private lénduﬁ5571af§éf§:
located along Cabin Créek.which traverséd éhe stﬁdy area ffom ﬁorth—

west 'to southeast. Studies were concentrated north of Cabin Creek

‘ in an area encompassing the Buffalo, Lone Tree, Dead Boy,znﬁiChifo

Creek drainages., This segment was approximatély 240 ka;Aof roughly.
half of the entire study area. . ‘

The study area is . located at the north end of a broad relatively

flat horseshoe“shaﬁed basin, ' Virtually treeless, this sagebrush-

grassland basin is- confined on three sides by sandstone buttes and
hills that Tise appfdximately 200 m (650 ft) above the surfounding

landscape. The basin includes broad gentle drainages which gradually

slope up towards narrow, bare shale ridges that finally rise ab:ﬁptly

15-30 m (50-100 ft) from the surrounding landscape. Although all
drainages are ephémeral, pccasionallf heavy runoff from spfing thaws
or local ;hunderstérms has éut and furrowed the stéep ridgesides ‘and’

valley  bottoms.
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The lowest ‘elevations on the study area occﬁr in the southeastern
corner on Timber Creek (945 m above MSL) and along the eastern perim—
eter adjacent to.Box Elder -Creek (975 m). The highést elevations
range from 1082 m in the northwest to 1097.ﬁ'along Ridge Road in-the

soufheast.
. Geology and Soils

The study area was part of an inland oscillating"sea_dufing the
late Cretaceous Period at which time sediﬁents of varying thickpesses
accumulated. Interspersed within these sediments were déposited lenses
of light colored volcanic ash. Today these ancient sediﬁents'result in
extensive beds of thick (610-820 m), éoft, grey~black Pierre shales
with thin lenses of bentonitic material interspersed thrbuéhout.

Pierre shale consists of 65-80% clay particles and has a sodium rich
montmorillonite component (Vesefh and Montagne 1980). 1In areas where
ancient seﬁshbres oécufred, accumulations of sand prodﬁced formations
known as Fox Hills sandstone (Bauer 1924, Veseth and Montagne 1950,
Roger‘Coiton pérs. comm.). Pierre shale‘eierts by fér the gfeatest
influence upon the areé's soils. The Fox Hi;ls sahdstbne is
associated only with alluvially-colluvially derived soils in the
northern reaches of the study aréa (Bauer 1924).

Inherent in thgir bentoﬁitic-montmorillonitic(mineralogy, seils
derived from Pierre shales characteristically have a high shrink-swell
potential and high.exchangeable sodium pefcentage. The heavy clay

consistency, high sodium content, and low organic content of the soils,

.
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together with the lack of available moisture makes the study area
best suited for rangeland with little if any potential for agficultufe.

‘There are no springs on the study area and small accumulations of
precipitat;on slowly percolate into the soil or are evaporated. Large
accumulations of precipitation that cannot be absorbed into the soil
flow over the groundlsurface to be caught as surface runoff in
de?reésed areas along drainage ways or accumulate in numerous stock-

ﬁonds that dot the landscape.

Climate and Weather
A

The study area is characterized by wide seaéonal and annual
fluctuations in temperature and precipitation. Summers are generally
hot and short while winters are cold and long. Annually an averaée of
39 cm (15 in) of precipitation falls oﬁ Ekalaka, slightly more than
half of which accumulates from May through July (Tablé 1). ‘Widé
spatial and temporal variations in precipita?ioﬁ, chérécteristic of
central Carter County, are a result of orographic differences and
the vagaries of localized summer thunderstorms.v As a result, the
. studf area probably receiveé less moistpre than Ekalaka and would
have moisture and temperatu?eg more‘similar to.Ridgway (Table 1).

July, with a mean temperature of 21.4 C, is the warmeét monfh
with temperatures frequently exceeding 38 C. January is the qoldgst
month with an average temperature of -8.1 €. Record high and low tem-
peratures recorded at Ekalaka are 42 C and -42 C (NOAA 1981, 1982).

-Prevéiling northwesterly winds are a dominant climatic factor

throughout the year and are especially strong and frequent in the
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Table 1. Monthly precipitation totals in centimeters.

Station Year Apfil May June July August Yearly

E-k_alakal 1980 - 0.66 7.39 7.52 6.27 4.55 34.65

: 1982 3.96 19.61 8.10 3.53 - 3.56 62.00

Ave. 3.30 5.72 . 9.32 4.80- 3.81 38.66,

Ridgwayl' 1981 0.74  6.65°  5.82 3.10 1.55 24,28

1982 . 2.06 18.01 8.51 4.45  5.75 55.92

Research, 1981  0.84 5.33  6.55  8.64 - S
~station 1982 - 12,57 . 8.89 6.53 - -

lNOAA fecording stations
Collected by the author.

spring. Seyéral consecutive days of high winds are not uncommon and
the rolling treeless landscape offers little shelter.

Weather conditions differed between the 1981 and 1982
field seasons. frior to the spring of 1981, the area had suffered
several years of drought. Spring.1981 saw some alleyiation but ™
neither the timing nor the amounts of precipitation was sufficiént to
totally revefse the drought conditions. Localized thunderstorms iﬁ
the summer of 1981 provided rainfall both in:excess and far short of
normal levels in differént 1ocg1es on ihe ;tu&y area. The areg‘around~
the field station at the head of Lone Tree Créek received above normal
rainfall while areas 8.km‘distant received little or none.

In the spring of 1982, the WQather was unseasonably coldland'wef:
Several substantial snows fgll in iate April -and precipitation<in M;y
greatly exceedgd the normal. -Previously dry stockponds filled, barren
shale ridges became carpeted with rillscéle (Atriplex dioica)'énd hiil—

sides became covered with sweetclover (Melilotis officinalis). The

Y
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summer of 1982 was hot with below-normal precipitation, lacking/both

the number and the intensity of thunderstorms characteristic of 1981.
Vegetation

The study area can be categorizeéd as a mixed grass prairie with
big sagebrush (Artemisia.trideﬂtata) or gréasewood (Sarcobatus
vermiculatus) communities occurring on alluvial séils of drainagéways
éndjxxrolling uplands. Big sagebfush%was the ﬁreaominant sﬁrub ghfoﬁgh—
out the area. Greasewood Was‘virtually absent nérth of Tipber'Creek.
Table 12 lists the &ominant-plant species\found on the study area.

Small clumps of juniper (Juniperus scopulorum and J. horizéntalis)
and stunted ponderosa pine (Pinus ponderosa) occurred in thé steep,.
narrow canyons of some Timﬁer Creek tribﬁtaries. A feW iarge singular
cottonwoods (Populus deZtoides).and mature box elder (Aéer Negundé)
trees were found aloﬁg some of the major dfainages. Groves of these
species provided a riparian aspect to private inholdings aléng Cabin
Creék. Spindly willows (Salix épp.) lined somé water impoundments in
the Dead Boy and Lone Tree drainages. |

Ground cover on shale ridgetops and adjacent steep slopes was
sparse, confined primarily to small widely disper;ed cluméé of alkaii
sacaton (Sporobolus airoides) and Nuttall saltbrush (Atriplex
nuttallii). Mats of rillscale covered washes and the swales of steep
slopes. Erosion resistant knolls and singular ﬁiils that occur on
the perimeter of and subtend the ridée systems were often rocky or

gravel capped and supported growths of junegrass (Koelera cristata), .
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whéatgrass (Agropyron sp.); phlox (Pthx hoodii), fringed sagewort
(Artemisia frigida), cactus (Opuntia poZyéan#ha) and Saéebrusﬁ"at
their apexes. ..Ground covér on these sites averaged 20-50% and
. declined rapidly downslope. On the more gentle midslopes, vegetative
cover increased an&'was dominated by a grass—forb complex. On flat
areas where erosion has resulted in & braided drainage pattern of
islands of topsoil interspersed between hardpan areas, lbémy hummocks'
supported dense growths of big sageb?ush'withaa moss (Selaginella - )
densa)-blue gramma (éouteloua gracilis)-green needlegrass (Stipa
vir{dula) underétory. B , a , -

~Mammals and Birds

Fifteen mammalian species were observed on the_study area, 11
'of‘which'were.considered residents (Tabie 13). The remaining 4-
(striped skunk, longtail,weaéél, raccoon an& beaver) were cﬁaracter—
istic of éhe more mesic habitats along Box Elder Creek and thé wooded
draws off the study areéa ‘and thus were.consideted tfansients whenever.
observed on the study area.

Thirty-eight avian spe;ies were éithgr regular users of or resi;
dent breeders on the étudy area; at ieggt 12 additional'speéies were
transients (Table 14). Fiye species of'dabbiing ducks wefel
known to utilize étockpond; and sheetwater areas as quod rearing
and loafing afeés in the spfing and 3 speéies of diving:ducks‘plqs
Canada geese used deeper stockponds during migration. Eight species

of wetland birds bred and/or were commonly sighted. ﬁpland'sénd- .

pipers were occasionally seen in shortgrass habitats on geéntly"
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sloping sidehills of the narrower drainages. Mourning doves were

residents of the study area in the spring and summer and were espe-

cially ﬁfevalent during 1982. Sage grouse were yearlong residents;

sharp~tailed grouse, Merriam's turkey,and Hungarian partridge which
more commonly -are associated with forested, brushy, or agricultural
areas were seen in such habitats peripheral to the study '

:

area.

Human Impacts

The region is spareséiy populated, the 1980 Federél ceﬁsus
reporting only 1800 people as residents of Carter County (USDOC
1982); Approximately one third of these reside in'EkalakaJ Excluding
the residents of Ekalaka, Carter County, which encompasses 8580 km2 |
(3313 miz), had a population density of roughly one person per 7.41 °
km2 (1/2.86 miz) in 1980. The economy of Fhe county is dominated by

cattle and sheep ranching and small grain farming. In 1974, roughly

73% of the total county landmass was farmland of which 9% was crop--

" land and 917% rangeland. The remaining 177 of the county was largely

national forest laqd (uspoc 1977).

The study area currently is subdiﬁided'into‘grazing allotmentssl
managed as five-—pasture rest rotation grazing systems. Owing to the
inherently poor quality soils and thé lack and/or irregular aistribu— _
tion of moisture, the rangelandslcan support only moderate levels

of grazing.
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Some small-scale wheat farming and grass—alfalfa hay cropfing
are practiced on deeded land along Cabin Creek and adjacént to the
boundaries of)the study aréa.

Past attempts by the BLM to bolster range condition and rehabili-
tate frail lands on the area have included extensive diking in low
1ying areas along_Lgne T?ee and Dead Boy Creeks to retard runoff and
increase water infiltration. .Mos; drainages north of Cabin Creek
include some-areas thch have been contour furréwed to impede runoff
and break up impervious sodium caps. Several experimental areas have
been reseeded to creste& wheatgrass (Agropyroﬁ'cfistatum) and alfalfa
(Medicago sativa). Success of these pfactices has varied. |

Drill hole caps and effluent holding ponds attest to past
exploratgry d?iliing for gas and oil. The area has no produging we;ls.
Seams of bentonite on the‘study area are geperally too thin and dis-=
continuous to be economically mineéd and no strippab1? reserves of coél
underlie the area (Roger Colton pers, comm.).,'Séme-ufaniuﬁ explora-'
tién has occurred in the Long Pine Hills to the east.gf the.study area.
but large scale recovery has not been attempted.

Recreational activities in the area, including sport hunting and
shooting, fossii digging, and dirt biking, have been limitea by the

area's remoteness from urban centers and the sparse resident popula-

tion.
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- ' METHODS

Initial investigations centered on reconnaissanég of the study
area to locate as many ferruginous hawk nests as pogsible; Raptor
nests‘found in 1979 by BLM personnel were relocated. A mo;orcycle
was employed to systemétically search potential nest habitat. Heli-
copter searches suppleﬁented ground searches but were of little value
in locating new nests, Nest, locations were-individually coded and'
plotted on 1:24000 scale topographic maps. Isolated nésts were
_ discovered throughout the course of study. |

When a nest was lécated, the general area and the physiog?aphy
of the site were described. Measurements included aspect, exposure,
élevation and percent slope of the terrain subtending the‘nest, and
long distance exposure (LDﬁi or the degreés of sight-line from the
nest that is unobstructe& within a 200 m radius. The elevatiohal risé
was measured from the adjacent valley floor to the nest and from the
nest to the'highest point of land in the vicinity of thé nest.. I also
made linear measurements from the nest to the nearest neighbor nest,
road and area of continual human activity.

The matérial qompoéition, substrate type and linear dimensions
1of each nest were glso recorde&.

Nest condition was determined for both yeafs and assighed one of -

five classes:
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New -~ A.hest completely constructed auring tﬁe present qesting
season. Nest‘appeared héphazérdly thrown-togeﬁhér with
litfle bulk-or accuﬁulated ﬁéterial;.the bottom of the.

. nest bowl was directly in contact with the grouﬁa.

Remnant - Nest aﬁpeared to have béen unoccupied fof several nest-
ing seasons. Only slight indiéation'of a nest remaiﬁed;
e.g,?eﬁlaccumulation of circularly placed sagebrush sticks
at a typical nest locapion.

Poor - Definite nest, large accumul;tion of nest material but
rather amorphous in structure; eiﬁensive rquilding,Qbﬁld
be required before nest could be used.

Fair -~ Nest usable but in disrepair of flat—topped aﬁ& frampléd.
from use in previous years.

Good - Nest well constructed with a definite nest bowl; showed
signs of repair and new material.

Peréent ground cover was determined for végetatioﬂ within a 5
meter radius of the nest. Méasprements employed line transeét methods
similar to those outlined by Canfield (1941). Four line transects;
each 5 meters long, were established at right angles from the nest.
Linear intexsectioné of various cover t&pes with these fouf iines were’
recorded and converted to a percentage oﬁ ground covered. :Sagebrush
cover adjacent to the nest was measured taking the height- of each
plant, summing them énd deriving an average value,

The habitat in which a nest was loéated’was described within a
100 m radius of each nest.by estimating the percent of ground that’ was -

covered by grass—forbs, sagebrush or was bare. -
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Observations of occupied territories began with the sighting of
the first ferruginous hawk each spring. Subséquent observations of
éingie or Raired birds in the same vicinity and defensive activities by’
these birds towards intruders were téken as indications of occupied
territories. Further observations plus the presence of a hawk or pairs
of hawks perched on oé in the vicinity ofla nest or a hawk in iﬁgubat—
ing posture on a nest were taken as poéitive signs of territdry,occﬁ—
pancy. Nests were considered active if eggs were laid, an adult bird
was observed in an incubating posture on a neét,or if young were
raised. A nest was considered succeésful if at least one young.
fledged. These terms (oécupied, active, and successful) are similar to
those proposed by Postqpélsky(l974) for describing raptor nest status.

Clutch sizes and dates when eggs were first observed were obtained
from nests either by helicopter reconnaissance or by finding active
nests early in incubation when both adults were absent. Dafes of
hatching were determined by éystematic observation of active nests,
noting‘chénges in adult behavior from incubating to broodiﬁg and shad-
ing. Determination of hatching success was delayed 5 to 10 days-pbst—
hatching to minimize exposure of newly hatched chicks that:héd not |
gained full thermoregulatory abilities. Active nests werelthen
revisited every 2 to 4 days to obser&e nesélings, detefmine thg cause
of nestling loss and. to collect prey remains.

Prey items, prey remains and cast ﬁellets_were:collected or t?eir
presence recorded at nest and per;h sites. Feeding debris femqved
from nests and perches wés air drieé and étoréd,in él;ssine bags.

Whole prey items and prey remains that could constitute a meal were
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recorded as present and left at the nest. Prey remains collected on
subsequent visi?s‘to‘é nest were checked againsf previousiy collected
%teps Fq m%qiﬁizg duplica;ion. Wgere ?osgible, weights and ages of
&hoie or partiél prey items were procured. A reference collection of
potential prey items was' assembled.

Relative densities o£ white-tailed jaqkrabbits.weré compéred
between the 2 years of study using a series of headlight surveys
. similar to those described by Flinders and Haﬁsen (1973). Numbérs of
jackrabbits visible in thg héadlights‘of a vehicle were tallied along
three 16 km roﬁtes driven at speéds of 32-40 km/hr beginning 45‘
minutes after sundown. Each route was travelled 3 times'from
mid-April into Jume.

To survey relative abﬁndance of potential prey species, 15 tran-
sects, each 1.6 km long, weré establishe& through fepreséntative
"habitats on the study area during the spring of }982. All s#rvéys
were conduc;ed'bétween déwn and 9:00 a.m. Techniques éimilar to those
described by Reid et al. (1966) were used to census pécket gophers and
thirteen-lined ground squirrels. I counted the number of active
pocket gopher mounds within a 6 m belt and active thirteen-lined
ground squirrel burrows withiﬂ a 3 m belt along the 1.6 km transects.
Passerine bird abundance was estimated by making 2 minute stops
every 79 m along transects where I tallied individual songs and the
éctual sightings of passerine birds in a 180° arc éﬁead 6f’thélline
of travel. |

Small mammal populationé were censused with traplines consisting

of 25 livetraps spaced at 10 m intervals. From June through
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mid-August 10, traplines were set out in representative hab%tats and
monitored for 3 day periods. In 1981, 20 active northern pgcket
gopher mounds were survéyed and ﬁeasurements made of physiogréphy,
slope and aspect.

Individuals of a nesting pair of ferruginpus hawks could be
sexed and distinguished from each other on the.basis ofrthe.size and
the degree of melanism. During visits to specific nests, thé bghavior
and habits of both-sexes-of a mated pair Wére differentiated and noted’
with respect to the stage of nesting.

Prior to flédéing, juvenile ferruginous'haéks were banded witﬁ
USFWS lock—tight leg bands. Two fledglings from 2 different nests in

1982 were outfitted with backpack radios (Dﬁnstan 1972) and tracked_up -

to 4.5 weeks postfledging to observe their daily activity patterns;,

“the progression‘df their range expansioﬁ, and their habitat usage.

1

Records on the observations 6f all raptors enéounteréd'on or in
the vicinity 6f the study érea included the time of day, date,
location and activity of each bird sighted. 'The océurrencg and nature
of intersgecific rapfor interactions was also noted.

The effects.of human intrusion and diéturbénee on néstiﬁg birds
were quantified by recording a bird's reaction, flushing distance and
any éftermath effects of‘human—raptor-%nteractions in felafion to the
stage of nestingé

.Unless specifically noted, all statistical analyses herein
reported are two-tailed t-tests (Snmedecor and Cochran 1980). Testé

were considered significant at P<0.05.
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RESULTS AND DISCUSSION
"Nest Site Locations and Characteristics:

Ninety-one ferruginous hawk nests were located during the study
represen;ing an estimated 95% of all nests present on thé study area
(Figure 2 and Table 11). Four—fifthé of these weré considered

. supernumerary (Weston 1969, Fitzner et al. 1977), while the remaining
one-fifth were within single nest territories. Whére two or more nests
occurred within a single territory, only one was used for incubation
and brooding purposes; the others (supernumerary nests) may be refur-
bished and/or utilized as feeding and loafing parches: Supérnhmerary
nest complexes on the study area included up to 6 nests, with groups

of 3 being‘the most common.

In 3 years of observa;ion, the number of territories occﬁpied
ranged from 11 to 13. During this time no individﬁal nesg.was actiQe
and successful more than 1 nesting.season. Seven nestltérritories were
occupied 2 out oé 3 seasons and 1 all 3 years. Supernumerary nests were
occupied in the same ratio as their océurrence on the study area.

The mean observed distance between all neété (Clark and Evans
1954) was 0,634 km.or about half the distance expegtéd if nests Were'
randomly located (R=0.54, P<0;001). nRt valué equéls the ratio of
observed to expected distance as a measure of distancg from réndom—
ness. Nests fend to be aggregated in hilly areas; only 5 nests were

located in areas with less than 15% slbpe‘(Figure 3).
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Several aspects of nest density are préseﬁted in Table 2. Crude
densities were based on the entire 492‘km2 study area thle ecological
densities relate to omnly Fhe 202 km2 of the study area that was hilly
and thus considered suitable nesting hébitat. I hgd difficﬁlty,
classifying  several nests into-supernumerary or siﬁgular.nést cate-
gories. If considered.supernumerary, densities .and the numbér of
territories would decrease.
Table 2. Crude and ecological density for all nests, maximum ﬁossible

nest territories and occupied nests on the study area, 1979,
1981 and 1982, ' '

Crude density 'Ecological,density
km2/nest miglnest kmz/hest miZ/nest

Individual nests : )
(N=91) . 5.41 2.09 2.22 0.86

Maximum possible nest . - .
territories (N=37-42) 11.71-13.3 4.52-5.14 4.80-5.45 1.85-211x

1979 occupied nests

(N=13) : 37.85 14.62 15.52 5.99
1981 occupied nests _ _

(N=12) 41.00 15.83 16.81 6.49
1982 occupied nests o

(N=11) 44,73 . 17.27 18.34 7.08

Crude densities derived for occupied nests on this study area
were similar to‘éhose noted by Weston (1969) in'centfgl Utah and by_
Howard and Wolfe (1976) in northérn'Utah. Bléi? (1978)&found a much
lower density for ground nesting ferruginous haﬁks in.northwestern
South Dakota roughly 60 km due east of my'study area. On that area,
crude density ranged from 292-412 km2 per pair and ecologial density

2
ranged from 99-104 km /pair.
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Distinct differences became'apparent Vhen sevéral characteristics
of all 91 nests were compared to similar features fgr 99 randomly
selected points. Nests were located an avefage of 4060-m (gange=

. .- ' 4 :

112-11220 m, SD=2798 m) from roadways where traffié was greater than
3 vehicles per week. 1In compafison,_randbm points éveragéd 1366 m
closer to such roads (P<0.061)ﬂ . |

When the siopé of terrain on:which nests were located was ;elatéd
to comparable data from random poiﬁts, Highly significént differences’
Qere revealed (P<0.001). The slope at‘neSt sites éveféged’21.3%
. compared.to 6.1% at random pointsl o

A preference fo? direction appeared to be associated with negt
site selection (Tasle 3. Eighty;two perceﬁt Qf gil nests had aspects
directed within a 180° arc .from 225° SW through 0° N.to'45° NE. Whén

o ) .

nest aspect was éoﬁpared to the aspects at random points and to aﬁ .
even distribution of aspécts at all 8 compass poinfs,_actiVe choice
and preference for éertain aspects was indicated (¥2=29.44, af=7,
P<0.005; x2=l9.64, df=7, P<0.01,Irespectively). Other researchers

(Weston 1969, Lokemoen and Duebbert 1976,'Léfdy 1980, Smith and Murphy

1982, Gilmer and Stewart 1983, Woffinden and Murphy 1983) have indi-

cated that nesting ferruginous hawks have preferential and ‘often quite -

specific slope aspects to their nesté.'

Areas of continual human activitj-andyhabitation wére, in
general, located peripherai to the,study:aréa and thus héd iittle
direct influence upon nést sité selection. Né_significant sfétis-

tical differences were found between the distance that nests and

/
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Table 3. Orientation of all nests located on the study area.-

All nests ' _Occupied nests
Direction of orientation : A 4 N . %
North 14 15.4 8 . 22.2
Northeast . ‘ c- 12 13.2 6 16.7
East ' 2. 2.2 S0 0
Southeast - : 6 6.6 1 2.8
South ' 8. 8,8 2. 5.6
Southwest . 22 24,2 9 25.0
West , 13 = 14.3 & 11.1
Northwest - ‘14 15.4 _6 16.7
Total 91 36

statistical differences were found between the distance that nests

and random points were located from these areas. Nests averaged 5100

m (range=122~11220 m, SD=2657 m) from areas of human habitation and

activity while random points.averaged 4995 m.
All nests were located:on.some Aiécoptinuity bf landform
(Table 4); 88 nests were on the ground and 3 were lbcated atop
rock cbimne?s that rose 1—2.m above the surrouﬁdiﬁg térrain.
Selection for nest site was indicated from comparisons of actual loca-

tions with random points and an even distribution of nests at the 8

described locales (x2=78.59, df=7, P<0.005; x2=26159, df=7, P<0.005,

respectively)., Nest placement at a particular phygiogréphic locale
appears to be an active process in nest site selection.

| The'preferred'topography for nest sites appeared to-be the ends
of side-ridges and knobs on ridgetops. Conversely, the ieast pre- '

ferred seemed to be long, .slight rises and midslope positions. The




23

Table 4. Physiographic location of nests located on the study area.

_ . All nests ‘Occupied nests
?pysiograppic location . N % N h
End of side-ridge - 24 26.7 9 25.0
Knob on ridgetop 16  17.8 . 7 19.4
Lone knoll at basin head .9 10.0 6 16.7
Lone knoll subtending ridge 11 12.2 5 13.9
Lone hilltop 12 13.3 3 8.3
Long, slight rise ’ -7 7.8 3 8.3
Rock chimney 3. 3.3 2 5.6
Mid slope ’ _8 8.9 1 2.8,
Total 90 36

paucity of nests on rock cﬁimqeys-éan pfobably be attributed to’ the
1ack.of such. structures on the study area.
Nest sites were easily accessible from at least 3 and often 4
sides. The 4 slopes radiating away from the nest were downhill at
all but 14 nests. At these nests, the slgpe opposite the direcéio;
of nest aspect often was directed uphill at a.1-17% slope (mean=9.4%,
SD=5.5%). At 3 of these nests,'2:slopeé‘were difectgd uphill. During
the 3 years of study,,9ne§ts with uphill siopes were occuéied.
Severai,differeﬁcés were detected betweén nests océupied at'leaét
once and those that showed no use during the 3 years .of observation,
Although the difference was nét sighificant (P=0Li03),.6ccuﬁied nests
‘tended to be located af higher.elevations than ﬁnoccupied-nests
relative to the next highest point of land?y Oécupied_qests averaggd

4.1 m lower than the highest point while unoccupied nests averaged'

5.9 m lower.
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| Also, though not statlstlcally s1gn1f1cant, occupled nests tended.
to be located higher above valley floors than nnoccup1ed nests..
0ccup1ed nests averaged 12 6 m (SD 6.4 m) above adjacent valley floors
while nnoccupied nests averaged 10.5 m (SD=6.3 m).
| Long distance exposure (LDE) was greater (P=0.014) for_occupied

than for unoccupied nests. LDE for occupied nests'averaged 231 6°

(SD 100°) whlle unoccup1ed nests averaged 169. 8° (SD—105 7). At"

phys1ograph1c locales w1th low LDE (ends of s1de-r1dges .and mldslope

‘ p031t10ns), occupied nests hadeuummere from 33-97° more LDE than their

unoccupied counterparts. Locations with greater LDE (1one hllltOpS '

"~ and knobs on ridgetops) showed little d1fference between occup1ed,and”

unoccupied nests.

Occupied nests, wére located an average of ﬁ164 m.(SD=2le m) from .-

major roads and 5210 m' (SD 2660 m) from areas of human act1v1ty.

Unoccupied nests averaged-l60 m closer to such.featdres. These dlffer—

ences were not statistically significant.

Distante to nearest neighbor nest, distance to néarest occupied

‘nest, LDE, neight above valley, distance to roads.and distancerto areas

‘of human activity for occupied nests .are presented in Table 5. The

average distance between occupied nests and their nearest neighbor nest

.in l981'was.signlficantly less than in'l982»(P=0.023); This‘Suggested

that in.l981 nesting‘hawks may have chosen territ:rdes that encompassed“

alargerarea(e.g.,neSts witnin‘a territoryuwereglocated‘fdrtherapart);
The average{distance‘between occnpled nests in lgdllwas slgnifif"

cantly less than comparable data gathered in 1979 or‘l9SZ (Pﬁ0;03§).

This occurred with no substantial incnease‘in population density;




Table 5. A summary of nest site parameters for ferruginous hawk nests occupied during 1979, 1981,
and 1982 in southeastern Montana.

Nearest neighbor

.Nearest occupied LDE Height above Dist. to Dist. to

nest (meters) " nest (meters) (degrees) valley (meters) road (m)  human (m)

Year  mean min. max. SD mean min. max. SD mean. SD mean SD mean SD mean SD

1979 808 91 4175 1071 5420 1935 10210 2870 220 114 13.7 7.0 4250 I2677 5360 3054

1981 449 109 1119 279 3418 1076 5020 2373 . 241 89 11.2 5.5 4315 2732 4717 2592
}982 5460_3657 9394 2034 235 100 13.7 5.9 3905 2598 -

. 956 182 2316 602

5384 2406

Y4
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Minor differences, none.of which were statistically significént,‘
’were noted between years in,LDE, heights abéve valley fldors and
distance to roads ahd/or areas of hgman acfivity. Slope of terrain
and height of oécupied nests relative to the highest point of land.
were similar in all 3 years.

Relationships between nest.characéerisfics and nest condition
were examined to detect any differences between reéently dtiliéed
nests and those left unused for several yea?s (femnant qests).
~ Remnant nests were located an aﬁeragefof 846 m from neareét neighbor
nests while all other nests were located approximately 300 m cioser.
This suggested that reﬁnaﬁt nests were more likely to be singular
rather than part of a supérnumeraryicomplex; Also, remmnant nests were
found at significantly different physiographic locations than would be
expected (x2=l6.08, df=7, P<0.025). Fewer remnant mnests than expecfed
were found on the ends of side-ridges and knélis at basin heads, while
more than expected were found oﬁ knobs on ridgetops and lone hilltops.
Remnant nests tendéd to be located 600 m closer to major roads than
all other nests, but this differeﬁce‘was not_significaht7‘ Remnant
and néwe; nests were similar with respect to LDE, nest orientation;
slope of terrain, height above valley and elevational differeﬁce from
the highest boint.

Study area veéetation varied greatly between 1981 and 1982.
Measurements of vegetation within a 100 m radius around .53 nests in
1981 showed the average grass-forb covef as 50.8%, sagebrush 21,07,
and gare ground 31.5%.- Measurements afound 78 nests in 1982 showed

average cover to be 64,6% grass—forb covef, 19.0% sagebrpsh,andi6.0%
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bare ground. The‘diffefences in grass—forb.cover and bare groﬁnd
betweén the 2 yéars were highly significant (P<0,001yf6r both) while
;he difference in sagebrush cover was not. | l

Grass-forb cover around occupied neéts avér;ged"46;8 and 64.1%
in 1981 and 1982, respectiveiy. This difference ‘was sigﬁifipané
(P<0.05). Nésts chosen for occupancy in 1982 averaged 7.5%Alesé
sagebrush cover than'the 25.2% noted around nests inl1981. The amount
of bare ground cover decreased from 52.7% in 1981 to.17.5% in 1982.

The differences in sagebrush and baré groﬁndrwere not significantr The
differences in grass-forb and bare ground cover probably were én arti-
fact of weather variation bétween the 2.yéars, whereas the,ﬂifference
in sagebrush cover was probably real. When all nests were considered;
sagebrush cover differences betweeﬁ thé two years were smalll(Z.OZ)
while differences between'occupied nests were more measurable.

Vegetativé trends within a 5 m ra&ius of the nesé were similar to
those noted within. the larger 100 - m radiué. At 48 nests where vegeta-
tion was measured in both yéars, average grags—forb'cover increased
from 26.0% in 1981 to 42.5% in 1982. Bare ground-decreased_ffoml60.9
to 46.5% and saggbrﬁsh increased from 15.5% to 15.97 between 1981 and
1982. The annual changes in grass-forb aﬁ& bare groundeére”signifi-"
cant (P<0.001), changes in sagebrush were not.

In spite of the 16.5% incréase in grass-forb cover at-all nest
sites from 1981 to 1952,'occupied nests had similar grassfférB cover
each year, 32.7 and 36.8%, respeptivel&. ~Also,: though Saéebrusﬁ cover
at all nest sites increased 0.4%, the amount of sagebrush at occupied

nests-declined from 19.1% in 1981 to 13.47 in 1982.:
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Shrub height was measured immediatély adjacent to 21 nests at
which shrubs occurred. Skunkbush sumac (Fhus trilob;ta)~was-the
dominant shrub at one site; the rémaining 20 éites\were dominafed by
big sagebrush. Shrubs obstructed view from the nest at 9 of thé 21
nests, 7 of which were occupied.' Shrub height avéraged 19 cm (SD=
7.7 cm) at the 21 nests and 21 cm (SD§6.7 cm) at the 9'obstrﬁéfedil'
nests. At 4 of thé obstructed nests, shrubs were 1-14 cm (X=7 cm,

SD=7.16 cm) taller. than the highest side of the nest; 3 of these were
occupied. At the 9 obstructed nests, shrub yegetation ranged from
2-22 cm (§;10 cm, SD=6.9 cm) tgller than the lowest sidé of the nest;
6 of these were occupied.

Ngsts weré primarily constructed of dead sagebrush, greasewood or
green rabbiﬁbrush branchesl‘ ﬁngulate boﬁes, antle;g and 1umber'scrab;
were occasionally incorporated into the nest. Nest bowls Qere lined
with grass culms and cluﬁps.and céw chips.while in several bpwls were
found bits of paper, plastic and deer hide.

Morphologically, nesté consisted of 3 parts: a base, the main
nest, ang.a bowl. The‘base portion was‘relétively flat and sprawling,
averaging 124 X’lzo cm (SD=§3.0 X 33.5 pm> across. The main nest
was, circular, of more distinct dimepsibns and showed a vertical
buildup éf matefial.' Main nests averaged 94 XllOS cm (Sﬁ=23.6 X 22.6
cm) across; 30 cm (SD=16.0 cm) tall on their hiéﬁ‘éide and.ZO cm
(SD=11.4 cm) on ;heir low side. Nest bowls:averaged 35 X 39 em
(SD=9.1 X 9.6 cm) across and 6.1 cm (SD=5.5'cm) deep; Nest bowls
as deep as 15Acm:at the dinitiation of iﬁcubation'were érémpled flat

by the end of the nestling period.
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Nest refurbishing involved reconstructiné a bowllon a flattened
main nest. ' At 2 nests completely new main nestsIWere‘constructed on.
.top of older nests. These "double" nests rose to 71-cﬁ. At several
sites remnant nests Qere adjacent to better structured nests that héd
a different aépect. Nests on the study area were generélly broader
~and lower in stature than those ground nests described by other
investigators (Weston 1969, Lokemoen and Duebbert 1976, Fitzner et al.

1977).
Réproduction

Adult ferruginous hawks were fresent on the study area at the.
initiation of each field season in early April. "Thei? date of arrival
probably corresﬁonded wifh the late March arriﬁai reportgd by Biair
and Schitoskey (1952) for ferruginous hawks in northwestern South
Dakota. Eggs were'first observed early in the third week'of April in
1981 and at the end of April in 1982, 1In 1981 hatching peaked the
first week in June; in 1982 incubation was'ﬁrotracted‘lo days
and hatching occurred approximately June iStﬁ. Fledging
occurred in early July;'l9él and mid-July in‘1982. Adulfs and
juveniles were regularly observed on the areé in late August ana
probably remained past';his time. Thé lateness of the initiation of
egg laying and the -extension 6f'the incubation period noted ih.1982
was probably a resuit of the relatively cool; wet spring (Table 1).

Thé number of occﬁpied nests observed on the étudy area declined
slightly from 1979 to l9él and 1982. BLM raptof files indicated 13

occupied ferruginous hawk nests were present on the study area in

.
L




30
1979, compared with 12 and 11 in 1981 and ‘1982, respectively. It -is
possible that more than 13 nests wefe occupied in 1979 as data were
gathered late in the nesting season after some é;rlier‘occupied
territories may have been abandoned. Neét locations recorded in 1979
represented 497 of the number of nests located througﬂ 19é2;

In 1981, 83%lof the pairs iﬁitially occupying territoéies remained
to egg laying stage (Table 6); in 1982, 737 remained. One territory
in 1981 aﬁd 2 in 1982 were occup&éd by paired‘ferruginous hawks early = .
in the season but vacated before eggs‘Were laid. One nesttﬂin\BOth
years, was occupied for several weeks,eafly in the seaéon; buf noA
effort was made either yéar to refurbish the nest or lay eégs. ‘In
1982, one additional nest was refurbished but vacated before eégs
Weré laid. Here, the pair continued to defend the area for sgveral
weeks after other pairs had begun incubatiop.

During each of the 2 years, 1 territary was.occupied and
maintained by unpaired birds Ehroughodt‘the(nesting period. In
neither case was any effort méde to construct. or refurbish a nest.
The territory occupied by a single bird inhi981 was oécupied by a
pair in 1982 and a chick was fledged. The unpaired bird Qccﬁpying
a territory in 1982 was joined late iﬁ the ﬁest season by anothér
‘ferruginous hawk -and both exerted defensive postures around thenest
éfter chicks from other nests had fiedged gn& ndrmai'parentai nest
defense had waned.

In 1981, 2 hastily construcféd nesté were found to contain
single, infertile eggs. Although single ferrugipous hawks were

observed perched in the vicinity of both nests, incubation posture’
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Productivity data for occupied territories and active nests

of ferruginous hawks in southeastern Montana; 1981 and 1982.

I) Nests 1981 1982
. Total occupied territories . 12 11
Territories abandoned pre-laying 1 2
Territories occupied but no eggs laid 1 -1
~ Total nests with eggs laid 10 8
"Laid" nests abandoned pre-incubation 2 0
"Laid" nests abandoned or destroyed dur1ng
incubation 2 1
Total nests hatching 6 7
Nests abandoned pre-fledging . 3 4
Total nests fledging (successful nests) "3 3
II) Eggs*
Total eggs laid* 26 19
Total eggs incubated¥® 24 19
Eggs lost pre-hatching 7 2
Infertile eggs 3 1
Infertile eggs brought to term i 1-
Total hatchlings# 16 16
Hatchling lost pre-fledging#* 11, 11
Total fledglings 5-. 5
Fledglings dying I 2
Possible recruitment 4y 3
Statistics ,
% nests w/clutch that hatched 75.0 87.5
% of eccupied nests successful 25.0 27.3
Average clutch size#®* 2.78 2.57
Average hateh (of nests that hatched)#*#* 3.00 2.50
Average fledge per successful nest®* 1.67 1.67
Eggs per occupied territory* 0 2.17 1.73
Hatchlings per occupied terrltory* 1.33 1.45
Fledglings per occupied territory 0,42 0.45
Percent of eggs laid that hatched¥ 62 84
Percent of eggs laid that fledged 19° 26
Percent of eggs hatched that fledged . 31 31
*Numbers represent minimal values, 1 nest each -year disrupted

before counts could be made

**From nests with known clutch size
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was not observed nor was the nest defended. These eggs were probably
laid by suba&ult hawks. In 1982, one of these nests was reoccupied
aﬁd 2 chicks fledged.

In 1981, all clutches (except the aforementiéned ﬁests,with |
single infertile eggs) contained either 3 or 4 eggs. Omitting the
2 single egg nests, the‘ayerage clutch size was 3.29. 1In l982; all.
" clutches comprised either 2 or 3 eggs'an&:averaged.2.57; ZThfee egg
clutches predominated in both years, and ghe 2 year avépage clutch
size was 2.69 eggs per active nest. |

Smith and Murfhy (1978) found average clutch sizeé of 2.5 and
2.9 for 1967 and 1970, respectively, in central Utah. ‘Théir 4 year
(1967-1970) average clutch size was 3.2 with a high of 3.8 iﬁ 1969.
The 2 years of lowest average clﬁtch size'were those whep the number
of breeding pairs was the lowest and nest desertion and'faildre gere
highest. Olendorff (1973) reportéd an average clutch size ﬁf'2.5 in
northeastern Colorado during 1970, a yeér when nest success was poor
and clutch size adveréely affected by cool, wet épring Qeatﬁer;‘the
3-year average clutch size for Fhat area_wéé.3.14. Woffinden and
Murphy (1977) reported minimum clutch sizes of 2.1 and 2.? in north-
central Utah during 1973 and 1974,. years charaqtériéed by low prey
numbers. They stated that 1 and é égg.clgtches were prevalent in
areas of low prey numbers and tha; average clutch sizes were larger
in years of high jaékrabbit»nﬁmbérs. )

Caution should be exercised in making direct compérisons_of
clutch sizes between my study and those cited above as clutch size

. data are not directly comparablé. Gilmer and Stewart (1983) found




33
clutcheé of ground nesting ferruginous hawks to be élightly larger
(0.5 egg/clutch) than clupches in elevated nests. ‘Nearly all (972)
of the nests on my study area were ground nésts.. In contrast, Smith
and Murphy (1978) reported only 19.4% ground nests. Averagé élutch
sizes for ground nesting ferruginous hawks in northWestérn South
Dakota were 3.4 (1976) and 3.3 (1977) (Bléir'l978). Ground nesting
hawks in east-central Oregon averaged 3.2 eggs per clutch (Lardy
1980). Nest success exceeded 72% during both of those studies.

The percentage of nests which hatched eggs during my study was
~more than double the 33% reported by Lokemoen and Duebbert (i976)‘for
ground nesting hawks in South Dakota. I compared productivity-param;-
eters between my study and 2 other studies in which similar average

4 .
clutch sizes were observed (Table 7)., My data indicated a greater
number of chicks hatched per nest,;nd a comparable number.of fledg-
lings per successful nest. Discrepanciés are apparent in the number
fledged per nest attempt and the peréentéges'of nests that success-
fully fledged at least 1 chick. In both cases, valugs from m& gtudy
were lower. Individual nest success in sou?heastefn Montana was at
least comparable to thaf found in'Utah‘énd Colorado during years.of
similar clutch size but nest failufe,[desertion and hatchling
mortality were greater. The percent nest success reported in this
study is the lowest yet reported in the literature. |

In 1981, the greatest loss of eégs resulted from nest desertion-
precipitated by human disturbance at the nest site while predafion

was the major cause of nestling loss (Table 8). 1In 1982, predation

was the major cause of egg loss while sibling fratricide (and -




Table 7. Productivity data for ferruginous hawks nesting in southeastern Montana, central Utah, and
northeastern Colorado. (Similar average clutch sizes.)

" Eggs hatched per nest Young fledged per Young fledged % nests
Area Year where eggs were laid successful nest per nest attempt successful
Montana® 1981 1.60 167 _ 0.30 25
1982 2.00 . 1.67 0.38 " 27
Utah? 1967 1.30 1.20 0.80 67
1970 1.00 : 1.40 0.70 54

Colorado3 1970 : 1.22 : 1.83 . 1.22 67

lPrésent study-
2Smith and Murphy, 1978
30lendorff, 1973

7€




Table 8. Egg and nestling losses of ferruginous hawké nesting in southeastern Montana,
1981 and 1982,
E Total % Total % Total Z  Total %
1981 eggs loss 1982 eggs Jloss
Pre hatching ‘
nests abandoned - human caused 2 , 0
eggs lost - human caused 7 26.9 33.3 0
nests abéndoned-—predator 0 . 1 .
eggs lost - predator 0 2 11.1 12,5
nests - subadult abandonment 2 1 1 0
- .eggs lost - subadult abandonment 2 8.0 9.5 0
infertile eggs 3 12,0 14.3 1 5.6 6.3
" Post hatching 0
nests abandoned - human caused 0 1 hd
‘hatchlings lost-- human caused 0 2 11.1 12.5
nests abandoned - predator caused 3 2 9 1 ' 9
hatchlings lost - predator caused 9 32.0 38.1 1 5.6 6.3
- nests abandoned - cause unknown 0 1 .
hatchlings lost ~ cause unknown 0 2 11.1 12.5
hatchlings lost - fratricide 2 8.0 9.5 6 33.3 * 37.5
Post fledging .
fledglings lost - fratricide 0 1 5.6 6.3
fledglings lost - predator 1 4.0 4.8 I 5.6 6.3 .

lEggs infertile, also tallied under infertile eggs

2One'nest diérupted each year before counts could be ascertained, values. given are minimal values
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related losses due to starvation and exposure) ‘was implicated in the
majority of hatchling loss. Fratricide and predation accounted‘for
43.8 and 25.1%, respectively, of the total progeny loéé in 1982.

Two major periods of predation were identified, one durihg the °
week following hatching aqd thé other in the week preceding and
following fledging. Isolated cases of predation occurred throughout
thé nesting period. The prgdatoré reéﬁpnsible were nof'aséerQained
Eut badger, red fox and golden eagle were suspect.

The peak of hatéhling loss due to fratricide occurred approxi--
mately 2-3 weeks pdsthatching in 1981 and 12week earlier in 1982.

In 1982, a second minor peak occurred jﬁst prior to fledging. A
castiﬁg from an adult hawk suggested that hatchling carcasses.Were
cannibalized.

In 5 of 10 cases of nestling mortality resulting from fratricide,
there was evidence to indicate that prior to offspring death the adult
male had abandoned the nest and left the female to féed and fend the
progeny., In one instance of abandonment, an qdult male left approgi—
.mately one-third through the nestling period followed by the femalé 10
days later, leaving 1 chick dead frém expoéureand the other neér death.
The live chick was t?ansferred to a surrogate nest whefe 3 chicks had
hatched but 1 disappeared 2 weeks after hatching. The érphan chick
was accepted at the surrogate nest and within 6'days had usurfed the
smallest original chick's position in the-peck and feediﬁg order. 'The:
latter died shortly thereafter presumab}y from starvation and injury
inflicted upon iF by its nest mates. In the 2 weekg prior to fledg-

iﬁg the adult male of this surrogate nest abandoned the nest, leaving
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oply the female to care for the young. Within 5 days of the timé the
male was last seen, 'the orphan chick was foupd dead at the . nest, pre—h
suﬁably dying from équsure and/o; malnutrition, leaving only 1 chick
to fledge.

In another uniqhe case' of hatchling loss, a fully feathered
chic¢k approaching fledging digd at the nes#_severai'&ays after its
siblings had moved from the nest and were being fed by the. adults
ét a perch site approximately 20 m from the nest. The dead chick
showed no sign of abuse and appeared to have simply failed to leave
the nest when its nest mafe; did and died of exposure and/or sfarvé—
tion while waiting for adults to b;iﬁg féod. |

A 30% loss of juveniles occurred within 2 weeks postflédgingl
Two losses Qere‘attributed to predation aﬁd one to fratricide.
The carcass of oné predator loss, a radioed juveﬁile, was fouqd
180 m from the nest. It had been plucked at the base of a greasewood
bush, where presumably i£ was perched when killed. Other remains
from which a leg and breast muscles had been removed were found 6 m
away near the den of a badger which was presumed to haye ﬁeen fhe
predator. |

In the fratricide loss, the unmoléstéd carcasé was found 40 m
from the nest. This juvenile was a sibling~of.the fully feathered
chick that was found dead at the nest after presumably failing to move
to a feeding perch at thé time its nest mates did. Apparentlf both of
these chicks failed to make critical shifts in feeding behévior Qith

N

exposure or starvation the result.




38

Food Habits

A total of 149 prey items and 131 pellets were coliected from 14
active nests and associated perch sites. Identified froﬁ this col-
lection were 504 individuals, representing 8 mammalian and 11 avian
prey species (Table 9). TIn 1981, 3 mammalian and 1 avian species
occurred regularly in collected debris; an additional 2 mammalian
"and 5 avian species were common in 1982.

Glading et al. (1943) found pellets East by hawks to be unreliable
quantitative and questionablé qualitative indicatoré of fbod habiés.
The osseous structures of passerine birdé and mice are sﬁall, deliﬁéte,
easily digested and less apt to accumulate in a casting than the
heavier bones of larger mammals such as tﬁe white-tailed jackfabbit,
northern pocket gopher, and thirteeﬁ—lined ground sqpirrel. Prey:
specimens-in the former category tend to be underestimated relative to
the latter. The effects of this bias on the tally of small mammals
and passerines may not be as great as sometimes stated because the
lack of osseoué remains'may be counterbalanced by the presence of hair-
and feéthers iﬁ cast pellets; |

Remains of small mammal carcasses were conspiéuoqsly absent at
nests and perch sites. The.only‘evidence of small mamméls as prey
occurred in cast pellets. This may introduce élight additiohal.ﬁnder—:
estimation of the numbers of small mammals preyed upon. The lack of
remains at nests could result from hawks taking small mamﬁals oppor-
tunistically rather than froﬁ active search. Aiso; §mall mammals may

be .immediately injested and not carried .back to the nest. In terms
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Table 9. Prey items collected at ferruglnous hawk  nests and perch
sites 1n southeastern Montana, 1981 and 1982,

1981 1982 Total
Species N -7 N % N Z
Mammals
White-tailed jackrabbit o :
(Lepus townsendii) 32 19.3 91 26.9 123 24.4
Thirteen~lined ground squirrel . .
(Spermophilus tridecemlineatus) 29 17.5 35 10.4 64 12.7°
Northern pocket gopher . . ‘ : '
(Thomomys talpoides) 41 24.7 - 18 5.3 59 11.7
Sagebrush vole o .
(Lagurus curtatus) .- 0 0 16 4.7 16 3.2
Deer mouse . : N
. (Peromyscus maniculatus) 1 0.6 5 1.5 6 1.2°
Northern grasshopper mouse - ‘
(Onychomys leucogaster) 1 0.6 1 0.3 2 0.4 -
Black-tailed prairie dog . i .
(Cynomys ludoviecianus) 0 0 1 0.3 1 0.2
Bat . |
(Myotis sp.) . . -0 0 1 0.3 -.1 0.2
Unidentified small mammals 8 4.8 14 4.1 22 4.4
Total mammals 112 67.5 ‘182 53.8 294 58.3
Birds ‘
Western meadowlark .o _ .
(Sturnella negZecta) . 35 21.1 57 16.9 92 18.3"
Sage grouse - : : i B
(Centrocercus urophaswanus) 2 1.2 11 3.2 .13 2.6
Horned lark . \ -
(Eremophila alpestris) . 0 -0 13 3.8 13 2.6
-Lark bunting . -
(Calamospiza melanocorys) 1 0.6 4 1.2 5- 1.0
Mallard . R
(4dnas platyrhynchos) 0 0 5 1.5 5 1.0
Blue-winged teal ‘ :
~ (Anas discors) 0 0 3 0.9 3 0.6
Brewer's sparrow : ) )
(Sptzella brewerti) 1 1 0.3 2 0.4

0.6
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Table 9. Continued;

1982 Total
Species N % N Z N %
Birds (Continued)
Short-eared owl T
(Asio flammeus) 0 0 2 0.6 2 0.4
Mourning dove ‘
(Zenaidura macroura) 0. o 1 0.3 1 0.2
Wilson's phalarope : B
(Steganopus tricolor) 0 0 1 0.3 1 0.2
Ferruginous hawk _
(Buteo regalis) 1 0.6 0 0 1 0.2
Unidentified passerines : 12 7.3 33 9.8 45 8.9 .
Unidentified Anatidae 0 0 9 2.7 9 1.8
Other unidentified birds 2 1.2 16 _4.7 18 3.6
Total birds 54 32.5 156 46.1 210 41.7
Total prey items 166 . 338 504

of biomass, small mammals appeared to represent only a trace fraction

of the total hawk diet.

White~tailed jackrabbits, which constituted 41.8% of the total

mammalian prey frequency, represented the greatest source of prey

biomass for nesting hawks. About 75% (N=49) of the jackrabbit remains
. . - ;

| on which age determination could be made (Bear 1966, Woffinden and

| . Murphy 1982) were from individuals less than 1 month old and 6% were

| from individuals older than 4 months (édults). Woffinden and Murphy

(1977) found that 447% of the black-tailed jackrabbitS'(Lepus

! 2-6 weeks old while only 10% were greatér.thap 13 weeks old.-

californicus) taken by ferruginous hawks in westcentral.Utah were. -
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A definite shift in mammalién prey frequency was apparent between
the 2 years (Table 9). Thirteen~lined éround squirrels and porthern
pocket gophers collectively represented 62.5% of.the mammalian prey
frequency in 1981 but declined to 29.1% freqﬁency in 1982, The bulk
of this change can be aptributed to the decline in the nuﬁbér and
.frequency of use of the ﬁorthern pockét gopher; Coﬁversely sagébfush
voles, white-tailed jackrébbits and dger.mice'prey numbers'showéd
increased use in 1982. These yearly trends may indicate changes in
prey population densities aﬁd/or the vulnérability of prey to foraging
hawks. Such interpretations, however, are confounded by the apparent
tendency of ferruginous h;%ks to be locally opportunistic-in exploit-
ing available prey. The bulk of northerp pocket gopher remains in
1981 were recovered from 2 nests; birds at the remaining neéts showed
little utilization of this spégies. The increased'use of .sagebrush
voles in 1982 was appafent at all.active nests.

Passerine birds accounted for 90.7% of the total avian component
in 1981 and 69.27% in 1982 (Tablé 9). Western meadowlérks were the most
frequently taken avian species, comprising 82.1% of all identified
passerines, 57.9% of all passerines and 43.8% of all birds taken as
prey. The frequency of western meadowlgrk femains exceeded the
combined frequency of all other avian prey'iden;ifie&‘té sﬁecieg.

| Juveniles represented 78% of all meadowlarks fér ﬁhich age could’
be determined (N=18). Blaif and Schitoskey (1982) found juvenilé‘
western meadowlarks accounted for 82% of all meadowlark'remaiﬁs

recovered during their study in northwestern South Dakota.
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The number of birds larger than passerines increased notably’
among prey rgmgins found in 1982. 1In 1981, sage -grouse were thé 6nl§'
large birds known to be taken: 1In 1982, ﬁhe remains of tﬁ& spécies
of dabbling ducks plus sage grouse were regulayly found at nests.

“The frequency of large birds identifiedkincreased from 9.37 of ail
avian prey in 1981 to 30.7% in 1982, Gilmer and Stewart (1983)
reported that 3 species of dabbling ducks were regularly taken as
prey by fer?uginous hawks in North Dakota dufing a year when a largé
inérease in the utilization of avian prey was apparent. Lokemoen and
Duebbert (1976) found 1 unidentified.Anas in prey remains in éouth
Dakota.

Insect remains, primarily Hymenopterons qnd Coieoptefoﬁs, were
common components of regurgitated pellets and probably reflected food
habits of other prey species.or items injestéd'incidenfally to ﬁrey
consumption‘rather than food sought by the hawks.

Overall, the frequency of occurrence of mammalian préy was 16W
and that of avian prey high when compared Qith otﬁer studies (Weston.
1969, Smith and Murphy i973, Howard and Wolfe 1976, Lokemoen and
Duebbert 1976, Blair and Schitéskey 1982, Gilmer and Stewart 1983).
The major mammalian prey species in southeastefn Monfana'weré similér
to thbse reported by other researchers ip‘North and South Dakéta but .
the relative importance of individual species Yariéd. ABlair and -
Schitoskey (1982) found thirteen-lined gréund squirrels oégurring .
more frequently tﬁan white-tailed jackrébbits, which in turn were
found more frequently than northern pocket gophers. Blair also s£atéd

that western meadowlarks were the greatest componént ofridentifiéd
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avian prey in South Dakota. .Gilmer and Stewart (1983) found
Richardson's ground squirrels (Spermophilus richardsoni) the most
frequently encountered prey item in North Dakoté, féllowed-in decreas-
ing order of frequency by northern pocket gophers, thirteen—lined
ground squirrels and white-tailed jackrabbitsf ‘Lokémoeh and Duebbert
(1976) found white-tailed jackrabbits to be unimportant in f?equency‘

of occurrence as prey for ferruginous hawks in central South Dakota.
_Prey Populations

White-tailed jackrabbit population indices suggest that
jackrabbit numbers were 30% greater in l981_thap in 1982 (Figure 4).
During May, the initial stages of ferruginous hawk né;ting, jackrabbit
numbers were a significant (P<0.025) 68% greater in 1981 than in 1982.
Indices for June, during.the hatchling stage show the opposite trend;

At least 2 factors influenced the results of headlight surveyé
and the jackrabbit population indices, First, in early May jack—'
rabbits tended to congregate in the vicinity of culverts and barrow
pits where succulent vegetation first appeared. As greenupeprogressed
jaékrabbits dispersed and were more .evenly distributed throuéhbut\the
study area. As a result, the May indices Were-infl;ted relativg to
those derived during Jume. Secondly, May hgadlight rogtesA -
were conducted before vegetagive growth waé sufficient to réduce jack—
rabbit visibility. Increased vegetation along routes in Jung 1982
probably resulted in a decrease in jackrabbit visibility during that

period as compared with June 1981 routes. Thus, Figure 4 underesti-
. [ _

mates jackrabbit numbers.for all routes and June routes for 1982,
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Figure 4. White-tailed jackrabbits observed per kilometer of head-
light survey in southeastern Montana, 1981 and 1982,
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In 1981, 145. small mamﬁals were trapped in 719‘trépnights
(Figure 5). During 1982, 114'sma11 mammals were captured in'742
trapnights. Sample sizes for ail speciés excepf Peromyscus maniculafus
were too small to make valid statistical comparisons between relative ‘
numbers trapped in each year. There Were'no‘sfatisticall? significant
differences between 1981 and 1982 in total small mammals or .deéf mice
captures per 100-trapnights.

Four mammal species were captured on the study area. Deer mice,
common in all habitats, represented a composite total of'91.1Z of all
small mammals trapped. Thirteen-lined ground squirréls; trapped
predominantly in shortgrass areas with less than 15%“éaéebfdsh over-
story, reﬁresentgd 5.0% of all small mammals captured. Northern.
grasshopper mice, trapped predominant}y where the groﬁnd was exten-
sively bare and sagebrush cerr was less than 10%, representéd 3.1%.
ngebrush voles, found where sagebrush -cover excéedéd 207, repre-
septed 0.8%. | A

Numbers of deef ;ice trapped declined 21.2% from 1981 to 1982;
captures of northern grasshofpe; mice declined §6.3% for tﬁé'same
" period. The number of thirteen—liﬁed groupd sqﬁirrels caéﬁuréd
increésed 4.6%Ifrom 1981 to 1982, No sagebrush:voles were trépped.s
in 1981; 2 were .caught in 1982, |

An average of 0.63 active pocket gopher mounds and 8.83 active |
thirteen-lined ground.squirrel burrows.wege 1dcated'per‘ha‘of survey
route traversed in 1982, Northern pocket gopher mounds were‘pre—
dominantly rest?icted to swale area; in roliing hilis. In these

habitats an average of 12 active mounds per ha of survey route were
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Figure 5. Number and species of small mammals trapped per 100 trapnights in southeastern Montana,

1981 and 1982.
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located. The only other habitat where pdcket gopher mounds were
found in abundance was in association with ioamy hummocks that dot
hardpan areas along creek Bottoms. In those locations, 2-5 active
mounds per ha were observed, With the exception of hdmmocky areaé,
pocket gopher mound sites were located in areas_whe¥é ﬁhe slope
ranged from 10-45%, averaging 30%. Pocket gopher mounds displéyed
orientations similar to those noted for ferruginous hawk pests:,90%'
of all active pocket gopher moﬁndg had aspects directed towards
5.equidistant compass points frbm 225° SW through 0° N to 45° NE.
Southwest origntation Qas the most common; 307% of all éurveyed
mounds possessed this aspect. |

Thirteen-lined ground squirrels were present in all habitaps
except unvegetated mud hillé and upland hills where sagebrush cover
excéeded 70%.‘ The greatest densities were found‘in shortgrass areaé
adjacent to grassy creek bottoms (38 burrows/ha) and in aésbciation
with shogtgrass— sagebrush cover (20 burrows/ha).

Five species of passerine birds Qere abundant (Figure 6). Red-
winged blackbirds, killdeer, mourning doves and upland sandpipers were
also observed, but'sightings of these species were few and thus not
included in tabulation.

Western meadowlarks were the largest and most Qiéible_passerines
'on the study area. Meadowlarks were‘cdmmon_iﬁ all habitats exéept
extensively bare areas or those on which sagebrush covér'exceéded
80%. Ihe most preferred habitat for this species appeared to bg mid-

slope hills with 60-80% grass—forb cover understory and 15-25% sage-

brush overstory.
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Lark buntings, vesper sparrowé and Brewé?'s sparrows’appeared
similar in their habitat prefefences. These épecies were abundant
in rolling hill and hilltop habitéts with a grass-forb understory’
that averaged less than 70% ground cover an& sagébrush overstory with
greater than 20% ground cover. As the ségebrush Sverstory_incfe;sed'
above 20% and the grass-forb understory &ecreased below 70%, the
habitat gradient appearea to favor these passgrines in this order:
lark buntings, Gesper sparrows and Brewer's sparrows.

Horned larks were mést-prevalentnin shortgrass/bare ground

habitats where sagebrush cover was less' than 10%.
‘'The Raptor Community

Five species of diurnal and 2 species.of nocturnal raptors were
observed regularly on the study area during the field .season; an
additional 4 diurnal species were occasionally 6r rarely sighted
(Table 10). |

Two and possibly three species of'raﬁtors,inaddition to tﬁg‘
ferruginous hawk, nested on the study area. Two Swainson's hawk |
nests were located, one in a singular box elder tree on Cabi& Creek,
the other, which waé active din 1982, iﬁ one of a group of 3 mature
cottonwoods along TimBer Creek, Singulér.and pairs of Swainson's
hawks were often sighte& in the junipe% breaks nortb of Timber Creek.

No short-eared owl nests were located during Fhe study and only
single bi?ds weré sighted, However, prey reﬁains of ferruginous

hawks indicated that this species did nest in the area.
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Table 10. Raptors observed, their abtndance based on average numbef
of sightings per day of observation, and their status in

southeastern Montana, 1981 and 1982.

Species

Number sighted per
day ‘of observation

Status on-
study area

Golden Eagle
(Aquila chrysaetos)

Ferruginous hawk
(Buteo regalis)

Swainson's hawk
(Buteo swainsont)

Marsh hawk
(Circus cyaneus)

American kestrel
(Faleco sparvarius)

Great horned owl
(Bubo virginianus)

Short-eared owl
(Asio flammeus)

Red—tailed hawk
(Buteo Jamaicensis)

Prairie falcon
Faleco mexicanus)

Merlin
(Falco columbarius)

_Cooper's hawk
(Accipiter cooperit)

Burrowing owl

(Athene cunicularis) .

1981 1982 ° Total

0.67 0.45 0.57

0.28 0.32 0.30

0.07 0.26 0.16

0.05 0.19 0.15

0.05 0.19 0.11

0.02 0.07  0.04
0.00 0.07  0.04

0.02 0.10 - 0.06

0.00 0.05 0.03"

0.02 0.03 0.03

0.01 0.02 0.01

0.00 .0.00 0.00

common-nonnester

" common-nester

comﬁon*nester
commonéneéter?
common-nonnester
common-nonnester
commonfnester
uﬁcommon—transient

uncommon—-transient

“rare—transient

rare—-transient

rare

Recurrent observations of paired marsh hawks at specific loca-

tions indicated that this species may nest on the study area although

this was not substantiated.

Golden eagles were the most common and visible raptor to inhabit

v

the study area. Perched and soaring individuals and groups were

prevalent over the entire study area. The most frequent sightings
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occurred in aésociation with the steep narrow canyons of thé juniper
breaks north of Timber Creek. Observations of golden eagles increased
through the spring, peaked in June, ané declined in July. Mbst'birds
appeared transient and not attached tO'an§ specific area. Several
nest territories abandoned by ferruginous anks at various étages'

of nesting were occupied by golden eagles within several dayé.of the
hawk's departure.  Eighty-one percent of ail golden eagles for Which

age was determined were considered subadults. American kestrels were

_ common in early April, decreased in early May and increased in mid- to

late. July after ferruginous hawk juveniies had fledged.

Direct observations of nocturnal rapfors (Table 13) were not
representative of true great-horned owl and:short—eared 0&1 popula~
tion levels. The frequency of crepuscular and nocturnal calliﬁg by

-

these species suggested that these birds were more common than indi-

cated by direct:observations.  The sighting of a single burrowing

owl on the study area in 1980 (D. Goldan_pers. comm. ) an&.rére
sightings of this species in surrounding areas in 1978 énd 1979
(Begker 1980) have been reported. No bufrowing owls were observed
during the course of my study.

Becker (1980).reported.£hat golden eagles, marsh héwks, Américan
kestrels, great horned owls, red-tailed hawks, prairie falgons and

merlins were common nesters in the forested hills and sandstone

.cliffs located peripherally to my study area. He also reported

Cooper's hawks rarely nest in these areas.
Three interspecific contacts were observed between ferruginous

hawks and'golden eagles. 1In all cases, the hawk initiated. the
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interaction, appareptlf to e#pulse the éagle from the ha&k's
territory. These altercations occurred in April or.early Méy during
the early stéges of ferruginoug hawk nesting. In bhé éase, a golden
eagle was perched 3600 m frém the nearest active ferruginous hawk
nest. The ferruginods hawk stooped on the eagle and appareptiy
caﬁsed the eagle to take flight. At this pbin#,'the hawk again dove
at the eagle, the eagle flipped and presented its-t%}ons to the
oncoming héwk aﬁd after a brief contact the eagle flew off and the
hawk perched on a nearby hill, 1In another'incident, a golden eaéle
was flying 500 m from the nearest active ferruginous hawk nest, the
méle ferrﬁginous hawk, which was originally perched within 200 m of
the nest, flew toward and then aboﬁe the pncoming eagle. :After'
stooping on the eagle several times, coming closer at each stoop,
the eagle diverted flight to one perpéndicular to its original coﬁrse;
and the hawk continued soaring for several minutes'before returning
to its perch. Soon after the male hawk had taken pursuit~of the
eagle, the female hawk flew from the nest. and circled above the alter-
cating birds but never joined the conflict. .Similér behavior Qés
noted in relation to another altercation except that it occurred
roughly 4000 m from the nearest active nest aﬁd oniy a single hawk
was observed.. Upon the hawk's third dive, Fhe'éagle rolled énd pre-
sented its taloms go the hawk and‘briéf coﬁtact wés méde between"the'

2 birds.

AN
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Ferruginous Hawk Behavior

The bqpavior'of_adult fer{U&iqus hawks appeared to change in
relation to preeding chronoiogy. Adult ﬁegruginous hawks.demanstfated
little affinity to the nest site‘upon'arfivél and in thé inifial
stages of courtship. Observations of férruginous hawks were of single
birds aﬁd all were at some distance from the‘évenfuél nest’sites. As
the season progressed, single Eirds were noted in’ the Vicinity of
- a nest, often perched on a prominence and on occasion were observed.
to evert or billow their chests. As egg laying approached pairs
rather than single hawks were-observed perchéd in the nest areas;
Members of a.pair perched alomne, choésing adjacent perch sites
. separated by tens of meters. Little activity was épparent;in the

vicinity of occupied nests from early morning until mid-afternoon.

After this time, paired birds perched for long periods in the
vicinity of a nest, apparently loafing. Such activity was
especially prevalent as duék apprdaghed; Adults were not observed
to perch on the nest prior to incubation. This is contrary to the
findings of Fyfe and Olendorff (1976). Such activity cquid have .
occurred but-the lack of constant ﬁest observation during the period
precluded verification. A lack of twilight movéments by adults indi-
cated that adults chose to roost néar their;last.daylight perch.. Ih;
inability to observe adult movements after dark leaves the possibility
of roost shifting open to question, Roost sites were on the.grouﬁd.
Adult attentiééness at the Qest incréaséd as incubation pro-

gressed. During the 10-14 days after egg 1aying; adults were abSedt
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from the nest for 15-30 minute intervals and possibly longer. These

periods of absence were prevalent in the ldte afternoons of temperate

days. After the first 2 weeks of incubation, an adult was present

on the nest during all periods of observation.. Stints on the nest

k lasting several hours were interrupted with breaks from incubation

of less than 5 minutes, during which the adult wodld.fly and/or perch
within 200 m of the nest before_returning to incubate. Feeding énd
defecation occurred away from the nest during incubation; nests were
neat and orderly and harbored little evidence of whitéwash, préy
remains, or cast pellets,

The female was the only bird observed to incubate. However; the
lack of constant nest observation and an 1nébility to sex incubating
birds precludes definite staﬁements,

- Lone incubating birds crouched as 1 approached to about 450 m .
of the nest on foot. Birds allowed me to approach to about 170 m
(N=9) when I was on foot and about 95 m when I was oﬁ a motoréycle
(N=10). Two approaches by pickup truck élicited flushing responses
at 75 and 200 m.  Helicopter approacﬁes as close as 30 m above the
nest with stationary hévering for 10~20 seconds resulted in.little

apparent adverse reaction from incubating birds. In three such

. approaches, 10 days after.egg laying, no birds were flushed and all

eggs were éarried to term.

Motorized approaches that were chaéacterized by starting and
stopping elicited a fiushing response at a distapcg.further froﬁ the
nest (X=140 m) thaﬁ nonstop approachgs (§¥§O.m). For indirec;

7

motorized approaches, the incubating bird flushed at an average -
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distance of 65 m, direct approaches prompted flushiné at an average
of 144 m.

Aﬁfroaches from below the nest wére less disturbing to an incu-
bating bird than those from the same leﬁel or.above. Approaches
below the nest resulted in flushes at an avérage of 100 m while
approaches from level with or above the nest an a&éragé ofnl42 m.

When flushed, the lone incubating bird would rise from the nesf;
fly briefly before settling-within 200 m-of thé‘nest,:and demonstraté
no defensive postures. Upon my departure from the area the bird
would return.to incubate Qithin 5 ‘minutes. When an incubating bird
and hér mate were present, the female would again fly off the nest
and her mate Qould either ciréié and call atithe ihtruder.or join
‘his mate. On 1 occasion as a nest was approached closely, the male
circled,-éalled and stooped once. I immediately left the'area, In
several cases where only the‘incubating bird was apparently present,
the rise of this bira from'the nest seemed to act as a signal'to tﬁe
mate which appeared within 2—3 minutééﬁ |

With 2 exceptions, all approachés to nests from the ground
occurred within thg first 2 weeks after egg laying and were 1imitéd
to 1 or 2 approaches per nest; no abandonmeqfs resulted. The first
exception elicitéd the defensive ;tpop bf the‘mgle related aboée and
occurred about 5 weeks into incubation. This.Was-the'bnly known
human disturbance to the nest and may have been ;hé direct. cause -for
the abandonment.

The second exception related to a nest that was disturbed a.

total of 7 times, twice ﬁeekly, to set out and retreive a time lapse
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camera. Disturbance was 1imited to crepuscular hours and the nest
was never approached closer than 100 m. My. approach to the nest was
concealed up to the point where the bird flushed. In'all 7 insfances
the only reaction was flushing, even when botﬁ adults were present.
Abandonment of this nest occurred after the seventh intrusion, 1.5
weeks prior to the anticipated hatching.

Constant presence of an adult at the nest waned approximately 1
week after hatching. After this point-aduitslwefé pPresent at the nest

only to supply food or to brood or shade the offspring during adverée

weather.

The fémales role éppeared to shift after the eggs hatched.”
Previously pgssive and secretive, she became more aggresive.'_The male
was less intense in nest defense and would often-only cirgle above the
female as she initiated and carried out defemsive postures. Ironi-~ .
cally, the ﬁale was the only bifd observed tO'StOOp on me.

During all nest visitations, tﬁe femaie was observed hunting,
soaring or perched in the vicinity of the nest. Shé ﬁould nearly
always escort me, circling-énd screaming as I proceeded towards the
nest. The male was generaliy away from the nest and came into visual
or auditory range within 5 minutes after I distﬁrbeq the female.

After 5-10 minutes of harassing me, thg male typicélly'lost interest
and flew off while the female either continued circling.and calling
or perched a short distance away-and continued calling weakly.‘ Peréh
sites were defénded as adamantly as the nest. - |

In most cases, nest defense by the male waned as the nestling

period progressed; defense by the female remained high. " Towards the

. . N . . N
! . ——J
H . .
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termination of the nestling period, several males failed to appear
rggularly or they‘made their presence known only by weakly‘Calling
from distant points.

On several visits to a particular nest, a single ferfuginous
hawk soared above the defending pair but this bird ﬁas never observed
to directly participate in defense. This bird was probably the saﬁe
individual that inhabited a territofy centered.1830 m from tge active
nest. ‘

Defense in the area qf the nest waned postfledging as family
groups moved their centers of activity away from the nést area.
Defensive postures were elicited at several active Hesfs ub to 2.5
weeks after the young had fledged, but displays were weak and . incon-
sistent. At nests abandoned or disfupted prior to hatching, defenséj
of'the nest site terminated immediately, At nests disrupted after
hatching, adults remained defensive of the nest site up to a week
after nest destrucfion.

Definite family groups wereréommonly obserﬁed up £o 3 weeks
after fledging. These groups consisted of the femaie an@ pffspring,
thch hunted and perched together. In some cases the male remained
in the vicinity of the family group buf was néver obser&ed to hunt
or perch with them. Two adult and one juvenile ferruginous hawk
were obégrved flying together 2 months after fledging.

One paired male, whose mate was inadvertently killed in a trap- .

ping accident midpoint in the hatchling stage, succeésfully raised

-the 2 offspring produced by the pair. The chicks fledged and I sub- -

sequently foilowed them for 4.5 weeks after fledging.‘ No behavioral
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changes were noted in the male as a result of the loss of its mate.
In successive visits to the nest after the female was killed,‘the
male was present in the vicinity of the nest only on rare occasions.
Defense of the nest and young by this single adult was virtually
absent, limited to weak calling from avdistance. Fresh food iteﬁs
. were alwayslpresent at the nesg and/or feeding perches through éhe
remainder of the nestling period into the first 10 &ays agter fledg--
ing. The adult.maie was never observed to directly interact_ﬁithithe
offspring and was last observed in the vicinity of thg juveniles é
weeks postfledging.

Juvenile attachment to. the nest deélined at approximatély 10
days before fledging about the same time jujeniles became. aggressive.
During this period j;veniles,were found at adult feeding perches-or
hunkered in thick stands of sweet clover orysagebfush up go 40 m from
the nest; juveniles demdnstrated:greaﬁ édeptness at running and hop-
ping as a means of escape.

The first observed flights consisted of downslope glides from
stationary positions. As young birds became more agi}e, flight was
initiated by a short run and simultaneous wing flapping until enough
lift was gainéd fo become airborne. These early flights‘wéfé ﬁobbly,
labored; and direct from 1 point to another and the bird seldom rose
more than 2 m off the ground.

During the first week after fledging, juveniles reméined in the
vicinity of the nest, making only 40-200 mlfiights, either dqwnsiope

or across slopes. No uphill flights were observed. Landings were
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crude, shaky,.and generally overshot with birds losing balance and
appearing to stﬁmble upon landing.

Flight was mastered in the second weei. Take-off frbﬁ flaf
surfaces was accomplished with only 2-3 éreliminary hops. TFlight
articulation improved to the point that juveniles could éasily gain -
altitude, wheel and turn and'demonstrafe aspects characteristic of
buteo:soaring. Flights up to 500 m long'wgre aécompiished. Landing
technique became refined and graceful, birds would’alight upon ;
perch rather than crash into it.

A radioed juvenile and its sibling nest mate provided informa-

tion on post fledgling behavior and movements. During the latter half

of the second week, juveniles demonstrated a major shift ‘away from the -

nest site and were often obsérved at distances up to 1000 m fromvthe‘
nest, During this period, these birds inhabited an area that was -
extensively bare,/bfoken only by patchés of cactus, shortgraés aﬂd_
stﬁnted sagebrush plants; sagébrush or bare ground were used és
perchés. The last observation of the single méie parent was made
during this period as he perched‘on a fencepéstMSO'm'frdﬁ the off-
spring. |

Duriﬁg the third week,'activity shifted to an area roﬁghly 1600
m from the nest where, for the next 10 days, they'océupigd an ecotone
between the previously used bare area and a lush, grassy creekbottom.
Perching shifted from the ground and sagebrush plants to fenceposts.

Major periods of activity, flight;and hunting by the juveniles
occu?red in the early morning and declined substantially 3 hours

after sunrise. During the remainder of the day, the hawks perched
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on fenceposts alternating short flights or hunting forays between
" extensive periods of perching. Folloﬁing these f;ights ﬁhe‘juveniles
frequently shifted perch sites.‘

Activity.increased near dusk when the“birQS demonstrétedlwhat
can best be termed uneasyness; they flew briefly, perched for several
minutes, then resumed flying. No hunting was observed to occur
during this ;ime. Fifteen minutes to onevhaif hour after sunéet, the
birds would roost on the ground in moderéte to heavy stands of sage-
brush on level ground. Little shifting occurred at ﬁight as the
first observations of the birds before da&break were similar to the
last obse?ved location of the previous evening. Siblings roosted
alone.

Food items collected from the juveniles during this period
consisted of 2 juvénile jaqkrabbits, 1 thirteen—lined'éround squirrel,
1 juvenile sage gfouse, 1 horned lark and‘the remaing of 4 unidenti-
fied birds.

Four and one<half weeks after fledging, the juvenilés moved up
the creek approximately 3400 m from the nest. Large shifts ip the
area of 'daily activity were qoted; Juveniles continued peréhing'
together. At this time, the.radioed ju&enile was recaptured by

night-lighting and the radio was removed.
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CONCLUSTIONS

Ferruginous hawks select a wide variet& of natufal and ﬁan—made
nest sites (Olgﬁdorfﬁ and Stbddart.1974). Natural sites include
cliffs, rock outcrops, cutbanks, ground,aﬁd trees (Weston 1969,
Olepdorff and Stoddart 1974, Smith and Murphy 1982). Man-made
structures include haystacks, power poles, ﬁtility liné towers, and
artificial nest platforms (L&kemoen and Duebbert 19%6, Gilﬁer and
Wiehe 1977, Call 1979, Howard and Hilliard 1980).

Nest sites on my study aréa were limited largely to ground and
rock outcrops. Although mature box elder and cottonwoods occu;rihg
along several drainages have potential as ﬁest sites,.thesg-prgdomi-
nantly singular trees would be sites vulnerable to Qind damage. In
addition, nest sites along nearby ridges offer_a more commanding view
than those in trees along creek bottoms. Since ferruginous hawks
select nest sites with greater vantage, this factor aéparently out-
weighs the loss of securipy inherent in ground nestiﬁg.

Juniper trees found along the steep—sided canyohs north of Iimﬁer
Creek offer potential nest sites. However, I found no nesés nor hid
I see any ferruginou; hawks utilizing this area probably becéuse as
a plains buteo, they cannot efficiently utilize habitats charactérized_
by steep narrbw-canyoﬁs. | |

Many variables, including nest security, pfey availabilif& and

past nesting experience of individual hawks, act in concert to
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influence ferruginous hawk nest site selection. Nest site parameters
assessed in this study can only give indications as to which of these
variables, among others, may have selective influence upon nestipg
hawks. Information gathered in this study can be used to.ascertain
Eroad habitat preferénces of ferruginoué hawks in southeastern Montana,
but actual selective pressﬁres that may influence nest éitefselECtipn
are léss tangible .and can only be inferred.

Ferruginous hawks select nest éites associated with‘hills and
ridge systems that separate broad, flat valleyé. Nests,Agenerally
located on the periphery of these ele&ated‘areas, are”exposed'to
expanses of prairie. Nests tended to be more prevalent at drainage
heads rather,than'further downstream. The landscape here was more
broken and varied than that found further downstream and bossessed
more potential nest sites, more "edge', interspersion,énd possibly
higher prey densities. o

Local thermals are more readily spawned on the periphefy of
elevated areas, as a result of differential heating of'flét valleys
and adjacent hills and ridges. These thermals increase ;ift caﬁabili—
ties giving large soaring buteos greater efficiency_at'bécoming air-
borne, allowing these birds to devote less energy to flying and more
to prey’'search (Pennycuick 1980, Smith and Murphy 1982). -Nests in .
elevated areas would éllow incubating‘aduits and ol&er juveniles a
downslope means of escape when confronted by’predatbrs.

The lack of consensﬁs concerning preferréd.slope aspgéts of
ferruginous hawk nests in any 2 studies in the 1iteréture indicate

.

that nest orientation is dictated by vagaries of a given geographic
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area. Smith and Murﬁhy (1982) stated "raptors tend toiéelect expo-
sures that offer optimum microclimate within reasoﬁable variatibﬁs."
Lokemoen and Duebbert (1976) felt nest o;ientationiwaé directed
towards aspects that allowed nesting hawks to riseheasily into the
wind. Lardy (1980) felt orientation was directed towards:the most
xeric and vegetatively barren direction,‘thus increasiﬁg vantége from
the nest. In my study, preferred aspects of ferruginous“haﬁk nests
are similar to the aspects of areas utilized by northern pocket
gophers. This similarity could be a response by both spéciés to a
common environméntal'variable, probably inéideﬁt,solar rédiatién:
Ferruginous hawks'may select nest aspects that allow optimum exfosure
to a potential prey population (pocket gophers). 'Néstiﬁg ferruginous

/ .

hawks in southern Montana appear to select aépects that provide great¥

est LDE from the nest proper, thereby increasing vantage from the nest.

Ferruginous hawks in southeastern Montaﬁa apparently pfefer a
1evel,6f vegetation growth at nest sites that does not pfe&ent éur—
veillance from the nest, yet provides adequate security. Even though
there was a substantial increase in grass—-forb cover at all nests in
'1982, nests selected for occupancy showedllevels of vegetative cover
similar to those levels ﬁound at occupied nesté in 1981. Nest sites
selected by ferruginous hawks in 1982 ha&’less ségébfush cover than
those selected in 1981, possibly compensating for the increase in
grass—forb cover in 1982:

Selection of nests with adjacent shrﬁb cover indiqates the‘
desirability 6f such growth. Shrub growth ﬁay help conceal incubat-

ing birds or chicks from potential pfedatofs. Although such shrub
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. . ‘ /-
growth may limit short range vision from the nest, it would ‘not
necessarily detract from an incubating bird's long range ﬁantage.

Olendorff and Stoddart (1974) report that active fefruginous"x
hawk nests were more frequently located in remofe‘and pbsted‘areas |
than in areas of free access; hawks occupying remote nests fledged
more young thaq their free access counterparts. My fihdings indicate
that ferruginous hawks selected nest siges thét~were remoﬁed from
areas of vehicular traffié.and/or‘constant humaﬁ activity. No‘nests
were located in potential nest habitats adjacent té the study are; ghat
are close to areas of human-aétivity.

Vehicle trails are present on nearly all ridgetops and prominent
points on the study areé{ These trails, used by rgnchers and BLM
personpel, are. ‘often located within 100 m of ferruginous hawk nests;
several are within 10 m.” Although these trails are ﬁsed less than
onée weekly, such disturbance could be disruptive if occurring ét.a
critical point in the nesting'sequence. Fyfe‘anq\OIendorff (1976)
indicate that ferruginous hawks are prone to desert the nest if dis;
turbed in early stages of nesting. |

Restricfed use of trails from March through mid—July would
benefit nesting ferruginous hawks and is highly recomménded.. An
alternative would be for competeﬁt personnel to aerially reconnoiter
identified nest areas sometime before grazipg commences‘iﬁ mid-Méy.
Areas utilized by incubating ferruginous hawks shoﬁld be‘posféd and

human activity within 450 m (point at which nest approaches gliciped

response from hawks) of the nest restricted.
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More than expected numbers of remnant nests have been found on
knobs on ridgetops gnd lone hilltops. These th physiograbhic loca-
tions were observation points used by humans;‘as.evidénced by the
truck trails that lead uﬁ and over them. In the past, such lbcaleé -
were probably prime nest sités, but an increase in-Vebicdlar traffic
over these areas forced ferruginous hawks to §hift from éhese fo
more secure nest sites.

The optimum ferruginous hawk habitat i; unbroken p?airie grass-
land that is ungrazed or siightly grazed (Olendo;ff and Stoddart 1974,
Lokemoen and Duebbert 1976, Gilmer and Stewart 1983). This habitat |
is felt to provide sanctuary for groun& nesting hawks ﬁnd thg relative
stability of these areas foé;ers populations of jackrabbits‘and ground
squirreis that are important prey sources. My study-area has remainéd
unbroken prairie as a result of its poor quaiity soilé, related lack
of intensive agriéulture and pubiic ownership. Grazing intensity is
moderate, Range improvement practicgs such as contour fur;owing and
crested wheatgrass seedings have been practiced on the stu&y area,
but these activities were conducted over limited areas and wefg not
consistently iﬁplemehted‘oq a yearly basis. . Several years af;er
their implementation,'any'impacts from tﬁese-practices become leésenéd
as the area reverts back to native conditiqn.l Howard and Wolfe (1976)
emphasize the nged,to maximize edge and interspersion in vegetétioﬁ
management, to optimize the prey base fo& ferruéinous hawks and other
réptors. They indicate thé deéifabiiity of'tfeating small tracts of.
land, crea#ing more interspersion, rather than trégfments that

encompass large tracts of land with relatively less edge and
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interspersion., I feel the size of vegetation treatments on my study

area are of proper size (generally less than 10 ha) but future treat-

. ments should incorporate an irregular boundary to increase inter-

spersion, ) . S |

Call (;979) indiqates'that méderaée‘£o heavy leveléAof grazing
remove rodenf cover, thereby benefiting birds of prey during tﬁe
nesting season by increasing prey vulnerability. _This.ghoft-term
increase in prey availability must be weighed against a'possible long;
term decrease in prey density that may resu%; from c6§er and habitat
loss. |

Grazing levels on the frail laqu of the étudy area afe moderété
and have left.the range in fair condition. Sustained ievels-of gfaz—
ing during the drought yéars previous to and including thé'first.§éar
of this study may have increased the sgvefity of prey declines on
the area and thus-heiped to depress numbers of nesting ferruginous
hawks.

+ Lower levels of grazing, under presently implemented'rest-
rotation systems should benefit nesting feyruginous.ﬁawké by bolster-
ing food and covef for‘prey species, éséecially'during dry years of
low vegetation production. Rotation of pastures, whether within or

between grazing management units, should provide for a checkeﬁ—board '

‘distribution of heavy, moderate, light, and ungrazed pastures.

Moderate and heavily grazed. areas increase prey availability for
hawks while prey populations increase in édjacent;ungrazed and
lightly grazed areas and disperée into more heavily grazed areas.

This juxtaposition of heavy and lightly grazed p&éfures around nest

~
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areas may allow more constant prey densities to occur within the
foraging range of nesting hawks. -

I observed 2 cases of nest territory reoccﬁpaﬁcy that suggest
mechanisms involved in recruitment of'birds into'ﬁreediﬁg population.
Two territories in 1981, 1 bccupied by a single, unpéired'ﬁird and’
another with a nest in which a single infertile égg was laidibﬁt not
incubated, were both reoccupied in 1982 and were éuccessful.'_Assuming '
that the bir&s occupying these territories in 1981 returned in.l982,
this behavior may represent prenest "probing"'of a potential terri-
tory by subadult hawks to ascertain the adequacy and availability of
the territory before actually attempting to nest the following year.

Certain ﬁests within territories seem to be ﬁreferred and showed
repeated use, as indicated by the amount of accumulated nest material;
other nests within thg territory appear to be less preferred aﬁd
detériorated Fhrough several séasons of non—usel .Prenesfiné assess—
ment of the territory and its potential nest éites by ferruginous
hawks is apparent. Hawks may refurbish several ﬁesté-withiﬁ a particu-
lar territory and thereby assess each nest in felation to its security,
vantage, and exposure to hunting areas:

Statisticai anaiysis indicates that remnant nests are more apt
to be singular rather than supernumerary nests. The presence of
supernumerary nests suggesté traditional territories that are of
higher quality fhaﬁ territories wigh only l‘nest.- Coﬁveféely, the
pfesence of singular, rémnant nests indiéates that these territories
occur in marginal habitat and are used only in years when conditions

for nesting are best and/or when the nesfing population is high.
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Adequate ground nesting sites were availéble fbr ferruginous
hawks during the 2 years of study. Based on relative numbers on
supernumerary and singular nests used in l98l-aﬁd 1982, I beliéye'
the area could potentially support appréximatély 25 nesting pairé of
ferruginous hawks. Only half of this potential was realized during
the 3 years of obse;vation. |

Nest site and prey aﬁailability'are the two basic factors limit-
ing the number of diurnal faptors within a given area.(Newtbn 1979).
Since adequate nest sites were available on this area dufing the
years of study, density.and vulnerability of potential prey prevented
increase in the number of breeding pairs of ferruginous hawks.
Unusual prey items, numerous unogcupied territories,'lowlaverage,
clutch size, nest desertion and failure, pobr nest suc?eés, predation
and sibling fratricide implicate low préy'availability as the major -
limiting factor.

Mobile, nomadic raptor species can adjust their nﬁmbers in
accordance with densities of available pre§ (Gélushin 1974). Such
behavior would be advantageous, if not essen£ial, to the well;beiné
of a species such as the ferruginous hawk,thaflinhabits arid,
sagebrusﬁ—grassland, and grassland areaé that are reiatively poor in
prey species diQersify. This‘hawk frequently deﬁendé upon a limited
number of prey épecies (Bent 1937, EQané 1982) that-demonstra£e |
wide annual fluctﬁationé in population densities.

In comparison to other studies, the freéuéncy bf'mammaliad prey -
items was low in this study, perhaps because densities and avail-

ability of staple prey populations (jackrabbits, ground squirrels and
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pocket gophers) were low during 1981 and ‘1982, This paucity of usual

prey items?forced nesting hawks to respond functionally by shifting

!
L1

their foraging efforts to alternate more available prey (i.e.,.

N

birds). Ip addition, ferruginéus hawks that normally nest on this
area probably demonstrated a numerical‘response to a decliniﬁg prey -
base and shifted to other areas whére prey population densities
were more suitable.

Smith and Murphy (1978) indicate that populations of breeding
pairs of ferruginous hawks in central Utah fluctuated widely between
years from a high of 34 in 1969 to a low of 13 in 1970. ‘Thesé .
changes were felt to be directly related to fluctuations in the.
hawk's major prey, the black-tailed jackrabbit. This population of
hawks demonstrated nﬁmerical responses to.increaseé and &eciines in
their major ﬁrey, iilustrating the ability of largé, mobile raptors-

such as the ferruginous hawk to concentrate their numbers in areas of

high prey abundance.

Ferruginous hawks in north-cent%al Utah responded to low prey
densities by either failing to nest or by producing smaller clutches
(Woffinden and Murphy l977);lboth_of these responses were,notéd on ﬁy
study area. These researchers also indicate that neétlihg morfality
increased during these periods because adults had to forage‘further

from the nest and for longer periods of time to supply adequate food '

for the offspring. As forage time and distance increased, nest

predation increased as nest attentiveness and defense decreased. In
southeastern Montana, I found predation to be the primary cause of -

nestling loss in 1981 and the second most important cause in 1982.
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The decline in male attentiveness of the nest and nestiingS'gs brood
rearing progressed may have beén,a direct’result of the male having
E; forage further.and 1ohger to supply fobd_for the growing offspring.
Woffinden and-Murphy'(l977) found average nestling mortali£y of . 49.5%-
for‘years characterized by low ;rey numbers; nestiipg mortélity on
my study area averaged 69%. ‘

The decline in the number of néstlings as the brood rearing
ﬁeriod ffogressed and.fhe prevalenée of fraﬁficidg in my study indi—‘
cates that édult hawks were unagle to supply adequéte foo& for their
young. Ingram (1959) felt that Ehe brood size of raptorial birds is
constantly adjusted throughout the néstling period in accordance with
the amount of food adults'afe able to supply. ’

The number of single ferruginous hawks that occupied-territories
in north-central Utah increaged during the periods of low prey
numbers (Woﬁfinden and Murphy 1977). Smith and Mufphy (1978) reﬁort
that the ratio of single to paired hawks in central Utah varied from .
1:19 and 1:31 in years of high prey abundaﬁée to l:9iéﬁd 1;5 in yearé
of low prey numbérs. I found tha; the r;tio of single to paired
birds ranged from 1:3 in 1981 to 1:10 in 1982.

The series of drought years into the 1981 nestiﬁé seasén probably
contributed to dEpressed_pref bopulatibns during that year‘énd‘,
inducéd fewer hawks to nest on the area. 1In 1982, the wet.spfing
may have again depressed prey populations by flooding burrows of
ground squirrels and pocket gophers. Latgr in the nesting éeaéon,

an increase in vegetation reduced prey vulnerability to foraging

hawks. Trapline captures of thirteen-lined ground squirrelé
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increased 4.67 from 1981 to 1982 while the frequency of these mammals
in prey analysis declined 7.1% for the same,period.' The increase in

moisture in 1982 also resulted in the filling:of‘stockponds and - sheet~-
water areas which in turn iﬁéreased waperfowl numbers and productivity.
As a result, nesting ferruginous hawks were opportunistic oﬁ this
unusual but abundant prey feéource. In addition to the cool, wet
spring in 1982, lower relative jack;abbit numbers during early stages
of nesting may have caused ferruginous hawks to 1éy sﬁaller'plﬁfches.
The increased density of jackraﬁbits later in the season was probably
offset by decreased vulnerability of this species. Foragingihawké
were unable to exploit the increased jackrabBit densities and were
forced to rely'on'less preferred but mofe'available pre& resources.
Clark (1975) found a positive cofrelation betweén-vole density
and short-eared owl numbers; voles constituted the greateét percent-
age of any single prey item for these -owls even when these mammais
were scarce. He also noted that these owls‘congregaté in areas of
high microtineinumbers, No sagebfush voles were captured onltrap—.
lines in 1981 nor were ;ny shorf-eared owls observéd. During 1982,
trapline captures.included thesé voles, and‘short;eéred owls were
observed on the study area. During 1981, no sagebrush vole‘rémains
were recovered from ferruginous hawk prey remains o? castings. In
1982, these voles, which were the least common mammals captured on
traplines, were the most common small mammal'identified in préy
remains and castings. The use of sagebrush voles‘as‘brey may indi-

cate that the vulnerabilityvof these voles to foraging hawks is

greater than that of the much more abundant deer mice.
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" Ferruginous hawks did not prey on passerine birds in proportion
to.their abpngnce but instead focuéed on Fhe largér, second most
aﬁundaﬁt passe%iné, the western meadowlark. This usé is probably
related to the cost-benefit ratio of captufing larger but less
abundant prey species and to the relative conspicuousness of meadow-
larks. The .larger meadow;arkg are prébabl&.less agile than sﬁallér‘
species of passérines and thus easier to catch.’ In relation to the
fact that 827 of meadowlark prey remains were juveﬁiles, ferruginoué
hawks appear to be capitalizing upon an abundant and vulnerable prey
resource as juveﬁile meadowlarks diépefée from the neétL Horned:
larks were the second most common passerine in prey rémains and the
fourth most abundant passerine on the érea. Ferruginous hawks are
'probably more efficiént at foraging fof small passefines present in
habitats that are relatively more barren\(hofﬁed larks) than.for
passerines that are asséciated with well—vegetéted habitats (Brewef's
sparrows,.lark buntings).

Nests occupied in 1981 were closer together than those in 1982.
Since densities during these 2 years were essentially tﬁe same, neét—
ing birds were probably concentrating theif efforts iﬁ areas 6f~higher
prey abundance.

The relative size of male and fema;e hawks appears to relate fo
the distinct behaﬁioral'pattérns of the sexes. The gréatér size and
bulky physique of the female would make her the logical’ pair member
to incubate and defend the nest whiie the trimlined physiqde of the
smaller‘male would make him the more éffidient and adept hunter 6f

the péir. In my observétiohs, the female was the only bird
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identified incubating. Defense of the negt and young was
initiated and carried out primarily by the female. The bond between
hen and offspriné is probably stronger than the bond between cocki
and offspring. The hen's defense would thus logically be more
adamant than the cocks. In my visits to the nest, the male was
generally oBservgd off éway from the ﬁes£ area, presumably foragiﬁé
while the female was always'found in the close vicinity of'thé nest.
At nests which the male deserted, defense Qf‘the young.by ﬁhe female
remained high; but tﬁeée nests appeared to have a higher inéidence
of sibling fratricide and nestling mortality, as the loné female seemed
unable to supﬁly offspring with adequate food.A At the nest where the
female was killed, defense became nonexistent, no fratricide or nesf—
ling mortality was Qbserved, and food was always.present. These
observations reinforce the idea of distinct roles of the sexes,_the

female role of incubation and defense, the male role of forage and

food supply.
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Table 11. Locations and activity status of ferruginous hawk nests
in southeastern Montana, 1979, 1981 and 1982.

Activity1
Legal description BLM code . 1979 1981 1982
1.
T2S R57E :
S10 NW4SWy FH-41 - - -
S10 NEYNEY% . n/a - - -
S9 NE4%SEY% n/a ? ? -
S11 SW4Swy ~ n/a "7 - -
S12 SW4LNWy n/a -2 - -
S13 .SW4NE% , FH-19 + - -
S13 NW4SEY ' FH-17 - - -
S13 NW4SEY FH-18 - - -
S21 SWY4SEY n/a ? - -
S21 SW4SE4 n/a’ ? + -
S22 SEYSEY . n/a ? - -
S23 NW4SEY n/a ? - -
S25 NW4SWY n/a ? - +
S29 SWYNW4 FH-6 + - -
§29 NW4SWY FH-30 - + -
S29 SE4SWY FH-31 - - -
S32 SE4LNEY n/a ? - +
T2S R5H8E
S3  SWLNW4 n/a ? + O+
S4 SEYNEY . n/a ? - -
S4 NELNWY n/a ? - -
S7 SELNEY : n/a ? - -
S7 SEYSEY n/a ? - -
S8 NWYSEY n/a ? - -
S18 SW4SEY FH-4 + - -
S18 NW4SWYy n/a ? + -
S21 SELNEY FH-15 - - + +
S31 SE4SW4 . n/a ? - -
S31 SW4SEY n/a ? + -
S31 SW4%SWy n/a ? - -
S33 SELNWY FH-5 C+ - -
S33 SW4NEY n/a ? - -
S33 SELNWY . : n/a ? - -
T2S R59E
S17 SW4NWY n/a ? - + .
S17 SE4SWYy n/a ?- - -
S17 NELSEY n/a ? - -
S27 SW4SWYy - FH-1 + - -
S28 SWLNEY ‘ n/a ? - +
S28 SELNWY : A ' FH-14 - - -
S34 SELNWY ~ n/a ? + -

S34 SW4SEY ' n/a -
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Table 11. Continued.

coo.. L
. Activity
Legal description BLM code . . 1979 . 1981 1982
T3S R55E
S13 NE%NE% FH-37 + - -
S13 NE4%NEY% n/a ? - -
S13 NEYNEY% FH-36 - = -
S36 SE4%SEY4% ’ n/a ? - +
S36 NE4SWY - FH-45 + - -
S36 SW4NEY .FH-44 - - -
T3S R56E L

S7 SELNW4 FH-32 = - -
S7 SW4SWY4 FH-34 - - -
S7 SE4SWY4 n/a ? - -
S23 NE4%SE% ' n/a ? - -
S34 SW4SWY4 FH-27 - - -
S34 SE4%SWy FH-29 +. - -
'S34 NWLSWY4 FH-28 ‘ ‘ - - -

T3S R57E , ) . .
-+ 816 SW4SE4 FH-7 ‘ s
S33 SELNWY FH-30 ' - - -

T3S R58E
S3 SWYNE4 n/a ? - +
S6 NELNWY n/a ? - -
S6 NW4YNEYL _ n/a ? - -
S6 SWYNEYL n/a, ? - -
S6 NEYLSEY n/a - ? + -
S25 SW4SW4 ' n/a ? - -
826 NWY4SEY ‘ © nfa ? - -
S26 NE4SEY4 . n/a ? - -
S26 SW4SEY : FH-3 + - -
S26 SE4%SEY n/a ? + -
S26 NW4SWY n/a ? - +
T3S R59E .
S9 SE4LNEY n/a : ? ? -
529 SELSWY n/a i ? + -
T4S R56E ,

S1 NW4SEY - FH-23 + - -
S1 NW4SEY ‘ n/a ? o+ +
S1 NEYSEY FH-22 - - -
,S1  NEYSEY ~ n/a ? - -
S2 NELNWY . n/a ki - -
? - -

S2 NELNWY n/a




77

Table 11. Continued.

' . Activity_l .
Legal description ~ BLM code . 1979 1981 1982
T4S R56E (Continued) : .

S2 NW4NEY - , " FH-26 . - - -

S2° NW4NEY FH-25 - - -
T4S R57E

S7 NE4NEY n/a ? + -

S7 SW4YNEY n/a ? - -

S7  SW4NEY FH-20 + - -

S7  NW4SEY , FH-21 - - -

S7 NEYNE4 . n/a ? - -

S7 NEYNEYL n/a ? - -
T4S R58E

S1 NW4SWk n/a ? - -

S4  NWYNWY n/a ? - -

S4  NWLNWY - n/a o ? - -

S4 NELNW4 " nfa ? - -

S4  NELZNWY . n/a ? - -

S5 NE4%NEY FH-2 + - -
T4S R59E

S6 NE4%SE4 ' n/a 7 - -

S32 NELNWY n/a ’ ? -+
T2S R57E | |

S13 NE NW T V& ? - -

1, .o col

Activity: ? = activity unknown
- = activity none

active nest site

+
Il

PR
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Table 12.. Dominant plant species found on the study area in south-
eastern Montana, 1981 and 1982.

Common name

Scientific name

Grasses Western wheatgrass Agropyron smithii
Thickspike wheatgrass Agropyron dasystachyum
Prairie-junegrass - Koeleria cristata
Green needlegrass Stipa viridula
Blue gramma grass Bouteloua gracilis
Sandberg bluegrass . Poa sandbergii
Alkali sacaton - Sporobolus airoides

Forbs Rillscale Atriplex dioica
Common yarrow Achillea millifolium
Yellow wild parsley Lomatium foeniculaceun
Tansy mustard " Descurainia sophia
Hood's phlox " Phlox hoodii
Fringed sagewort - Artemisia frigida
Scarlet globemallow -Sphaeralcea coccinea
American vetch . Vieia americana
Yellow sweetclover Melilotus officinalis
Prickly pear.cactus Opuntia polycantha

Shrubs " Nuttall saltbush . Atriplex nuttallii

Broom snakeweed
Green rabbitbrush
Big sagebrush
Greasewood

Gutierrezia sarothrae

. Chrysothammus viscidiflorus

Artemisia tridentata
Sarcobatus vermiculatus .




Table 13, Mammalian species observed on the study area in south-
eastern Montana, 1981 and 1982. ‘

Common name

Scientific name

Longtail weasel

Striped skunk

Raccoon

Badger

Coyote

Red fox

Thirteen-lined ground squirrel
Beaver

Deer mouse )
Northern grasshopper mouse
Sagebrush vole

Northern pocket gopher
White-tailed jackrabbit
Mule deer ’

Pronghorn antelope

Mustela frenata
Mephitis mephitis
Procyon lotor
Taxidea taxus
Cants latrans
Vulpes vulpes
Spermophilus tridecemlineatus
Castor canadensis :
Peromyscus maniculatus
Onychomys leucogaster
Lagurus curtatus
Thomomys talpoides
Lepus townsendii
Odocotleus hemionus
Antilocapra americana
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Table 14. Avian species observed on the study area in southeasfgrn
Montana, 1981 and 1982, including their relative abundance
gnd status on the area. '

0

Scientific name

Status

Common name_ Abundance’

Eared grebe Podiceps caapicus common unknown
Canada goose Branta canadenais rare transient
Mallard Anas platyrhynchoe conmon breeder
Pintail Anas acuta common breeder
Gadwall Anas strepera common breeder
Northern shoveler Anas spatula common breeder
Blue-winged teal Anasg discors common breeder
Redhead Aythya americana rare transient,
Canvasback Aythya valisineria rare transient
Ruddy duck Oxyura jomaicensis rare transient
Cooper's hawk Accipiter cooperii rare transient
Red-tailed hawk Buteo jamaicensis uncommon transient
Ferruginous hawk Buteo regalis common breeder °
Swainson's hawk Buteo swainsoni common breeder
Marsh hawk - Cirecus cyaneus common breeder
Prairie falcon Faleo mexicanus rare transient
Merlin Faleo columbarius unconmon transient
American kestrel Faleco sparverius common nonbreeder
Golden eagle Aquila chrysaetos common nonbreeder
Sharp-tailed grouse Pediocetes phasinellus uncommon transient
Sage grouse . Centrocercus urophasianus common breeder
Hungarian partridge Perdix perdix uncommon transient
Meriam's turkey . Meleagrie gallopavo uncommon transient
Great blue heron Ardea herodias rare transient
American coot -Fulica amerieana common unknown
Killdeer Charadrius vociferus common breeder
Long-billed curlew Numeniue americanus common breeder.
Willet ' Catoptrophorus semipalmatus common breeder.
American avocet Recurvirostra americana common breeder
Wilson's phalarope Steganopus tricolor common breeder
Upland sandpiper Bartramia logicauda common breeder
Mourning dove Zenaidura macroura common breeder
Short-eared owl Agto flaimeus common breeder
Great~horned owl Bubo virginianus common unknown
Burrowing owl Speotyto cunicularia rare dnknown
Common nighthawk Chardeiles minor common breeder
Common flicker Colaptes cafer uncommon transient
Horned lark Eremophilia alpestris common breeder
Barn swallow Hirundo rugtica uncommon transient
Common crow Corvue brachyrhynchoe uncommon transient
Black-billed magpie Pica pieca ’ common unknown
Sage thrasher Oreoscaptes montanue common breeder
Loggerhead shrike Lanius ludovicianus common unknown
Eastern kingbird Tyrannud tyrannus common unknown
Red-winged blackbird Agelius phoeniceus common breeder
Yellow-headed blackbird Xanthocephalus zanthocephalus common breeder
Western meadowlark. Sturnella neglecta common - breeder
Lark bunting Calamospiza melanocorys common breeder
Brewer's sparrow Spizella breweri common breeder
Vesper sparrow common

Poocetes gramineus

breeger
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