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BREEDTNG BIOLOGY AND PREY SELECTION OF
FERRUGINQUS HAWKS I HNORTHWESTERN SCUTH DAKCTA
Abstract

CHARLES L. BLAIR

A study of the breeding biology and prey selection of

ferruginous hawks (Buteo regalis) was conducted in northwestern

South Dakota during 1976 and 1977. Twenty four pairs were located

in 1976 and 18 pairs attempted to nest; 17 pairs located in 1977
attempied to nest. The ecological density of breeding pairs was
approrxinately one per 100 knZ, Young fledged per nesting attempt
averaged 1.389 in 1976 and 2.29 in 1977. All but one nest were located
in unbroken, lightly grazed prairie, and all were situated on hills,
buttes, or river cutbanks. General nest orientation was towaxrd

the south and wesﬁ. Six bhundred ninety food items were identified
from regurgitated pellets and prey remains collected at the nest
sites. Mammals composed 94 percent, birds 5 percent, and reptiles

1 percent of prey biomass; white-tailed jackrabbits (Lepus townsendi)

and thirteen-lined ground squirrels (Citellus tridecemlineatus) were

the most imporiant items. Movements of six radio-tagged juveniles
were moritored from the time of fledging until departure from

the study avea, The juveniles usually expanded the size of their
utilized arcas during each successive week after fledging., PMost

ferruginous havwks had left the study area by mid-September.
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INTRCOUCTION

The ferruginous hawk (Buteo resalis) is the largest of the

North American Buteos. t occurs throughout most of the weastern
United States and breeds from Alberta, Canada, to west Texas and
from Washington to Arizona. Recent studies by Weston (1969) in
Utah, Olendorff (1973) in Colorado, and Howard (1975) in Uizh and
Idaho have produced information about the breeding biology of the
ferruginous hawk in those areas. Lokenoen and Duebbert (1976)
studied this species in northcentral South Dakota, an area dominated
by cropland and tame hay pasture. To date no work has dealt with
either the nesting ecology or the current status of this species
on the open prairies and rangeland of the northern Great Plains.
The study area has supported 2 livestock economy for the past
125 years (Westin et al. 1967). Recently, mineral interests have
been searching for coal, oil, gas, and uranium in the study area.
Development associated with mineral extraclion and an increase in
siall grain farming will result in increased human activity in what
are now relatively remote or undisturbed parts of the study area.
Ferruginous hawks were listed as status "undetermined"
by the U.S. Department of the Interior (U.S.D.I. 1968). The
National Audubon Society has placed the ferruginohs hawk on the
Blue Lisi which inclvdes thosec speciss that "are suffering population
declines or range dimimiion in all or parts oi their range, btut
are not now of sufficient rarily to be considered endanger2d”

(Arbib 1972).
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Ferruginous hawks appear to be sensitive to human activity
in the vicinity of their nests. They will often abendon a nest
if even a single visit is made to it before the egzs have hatched
(Davy 1930, Olendorff 1973, Howard and Powers 1973, Smith and
Murphy 19732, Howard 19?5).

My objectives were: (1) to determine the population level
of the ferruginous hawk in northwestern South Dakota; (2) to
determine the ecological density of nesting pairs based on the
number of nesting pairs and the amount of preferred habitat available;
(3) to determine the reproductive success (clutch size, hatching
rate, and fledging rate); (4) to document the food consumption of
both young and nesting adult ferruginous hawks; (5) to estimate
the proportions of different types of habitat associated with each
hunting territory; and (6) to determine the post fledging activity

of juveniles.



STUDY AREA

The study area encompassed approximately 7000 kn? area in the
northwest cornex of South Dakota and included all of Harding
County (Fig. l). The area has a mid-continental climate with
long, cold winters and short, warm summers (Spuhler et al. 1971).
The average annual temperature is 9 C, the mean January temperature
is -9 C and the mean July temperafure is 22 C, The area is semi-arid
with an average of 33 cm of precipitation per year. The prevailing
winds are from the north to northwest during winter and from the
south to southwest during summer., Average wind speed is 18 km
per hour. Evaporation excezeds rainfall with 80 percent of the
evaporation occurring between May and October (Spuhler et al., 1971).

Harding County was not covered during the last glacial period;
as a result, the drainage pattern is well developed. Westin et al.
(1967) called this'. area the Northern Plateau region of South Dakota.
They described it as a series of rolling to undulating plateaus
and isolated buttes drained by the Grand and Moreau Rivers flowing
toward the exzst and the Little Missouri River flowing to the north.
A pumber of luttes outerop over part of the area, These consist
of sands and c¢lays and represent deposits laid down by wind and
streams on recently cxposed ocean bottom after thé sea withdrew
during the Cretaceous period (Rothrock 1937). Several extensive
arcas of elevaled table land composed of sandstone are rempants

£ the former northward dvainage of the area (Bakex 1952).
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Approximately 85 percent of the county is rangeland dominated

by wheatgrass (Agropxron spp. ) and needle grass (Stipg conata).

Sagebrush (Artemesia spp.) occurs throughout the area and is
widespread in the western third of the county. Cropland, mostly
small grain, composes 9 percent of the area; pastureland and tame
hay composes 3 percent. The remaining 2 percent is wooded., Elevated

table lands are dominated by pondercsa pine (Pinus ponderosa)

savannah, while riparian areas and ravines are dominated by green

ash (Fraxinus pennsylvanicus), willow (Salix spp.), and Siterian

elm (Ulmus pumila) (U.S.D.A. 19762).




METHODS

Kortih American ferruginous hawks winter in the southcentral
and southwestern parts of the United States and northern Mexico.
Birds breeding in the study area return in late March. Active
nests were locaﬁed during aerial surveys conducted from a fixed
wing aircraft flying at altitudes of 150 to 175 m. Additional
nests were located during ground searches conducted from roads.

Nest locations were marked on a U.S, Forest Service map and assigned
a number,

Ferruginous hawks will readily abandon their nest if disturbed
during the incubation period (Olendorff 1973, Howard and Powers
1973, Srith and Murphy 1973, Howard 1973); however, the possibility
of adult nest desertion is reduced once hatching occurs (Snow 197%).
Initial nest visits were postponed until after the incubation period.
Nests were approaéhed indirectly by walking beyond the nest at a
distance of approximately 50 m; the path was retraced to a point
directly in front of the nest, from this péint the nest was aprroache
directly. The opposite procedure was used upon leaving the nest
and the route was sprinkled with napthalene crystals to reduce the
possibility of mammalian predation of nests (Ray 1968, Hammerstrom
1970).

During initial nest visits, clutch size was delermined from
the number of young and the nunber of remaining untmichod cgEgs.
Productivity was cstimzted by the number ofAyoung fledged per total

pairs present, per nesting atiempt, and per successful nest. A



nest attempt was defined as the presence of at least one egg; a
successful nest was one from which one or more yourg was fledged.
Crude density vas determined by dividing the total area by
the number of pairs present. Ecological density (Odum 1971) was
determined by dividing the area of ihe townships in which pairs
were found by the total number of occupied territories and successful
nests.
Nest sites wére classed according to type, vegetative cover,
 height, aspect, and surrounding vegetation. Periodic visits were
made to all nests to determine weight and survival of nestlings.
At the age of 30 to 35 days, nestlings were banded wiih U.S. Fish
and VWildlife Service lock-on leg bands. In 1976 nestlings werc
fitied with color coded, numbered, patagial wing markers. The
diameter of the flexed hallux of the right foot was measured at
this time for possible use in sexing nestlings (Howard 1975).
Sexual dimorphism in which females are larger than males is
common in most species of raptors (Bcown and Amadon 1968). Veights
and flexed hallux measurements of 27 female and 31 male ferruginous
hawks wers recorded alfter they had reached an age of 30 days, at
which point development is approximately 90 percent complete,
These measurements were used to sex the unfledged nestlings.
During nest visits, all regurgitated pellets and prey remains
Tound in &od acdund the neshl werc collzots

air dried, and aralyzed at a later date. Teeth, bonss, hair, and



feathsrs were identifiod by comparison with a reference ecollecltion
developed from animals trapped on the study area,

Fourteen nests situated in elevated areas were subject to
frequent high winds which resulted in loss of pellets. A circular
fence 10 cm high with 2 2 m radius was placed around these nests.
Pellets were blown against the fence and remained there for collection,
The presence of these Tences did not interfere with normal activity
at the nest.

Glading et al. (1943) evaluated raptor pallets as indicators
of food habits and concluded that it was difficult to assess
numbers of individual prey represented in hawk pellets. However,
Fitch et al. (1946), reinterpreting data from Glading et al. (1943),
found that each pellet occurrence corresponded to one individual
prey item. I assumed that the ocecurrence of a particular species
in a pellet constituted one individual of that species unless numbers
>f teeth and bones indicated otherwise. Since most pellets collected
rere those from young birds, I also assumed that the composition
f prey brought to the young reflected the adult diet. Percent
requency of occurrence was calculateé for all prey species, and
ercent biomass was calculated for the major prey items using average
ody weighte of birds and mammals (Luitich et al. 1970). Mammalian
& avien weighis were obtained from population investigations
1 the study area and from the literature (Hall and Kelson 1959,

rt and Grossenheider 1976). bMean weights of juveniles were
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assum2d 1o be one-half of adult weight except where field studies
provided more precise measurvemnent (Luttich ct al. 1970),

During 1977 radio transmittors were placed on six fledged
nestlings, two from each of three nests. The transmitiers were used
to delermine the post fledging activiiies. Transmitters were
attached with a backpack harness (Dunstan 1972) and weighed 25 g,
approximately 1.5 percent of the weight of the smallest Juvenile
male, Harnesses were sewn with different strength thread so that
the upper strap would fail first, allowing the transmitter to dxop
off the bird without causing injury.

Locations were obtained by triangulation from tio semi-permanent
towers within range of each nest. Antcnna masts were 6 m high
and were located approximately 1100 m apart. Actual antennz
Placement in relation to the nests was determined by two factors.
Placenent of anteﬁnas on hilltops was essentizl for maximizing
the effective range of the radio transmitters. Selection of sites
which would provide the greatest angular accuracy in relation to
the nests was also desirable. Due to the terrain surrounding the
nests selected for the telemetry study it was impossible to optinmize
both factors. It was not known at the beginning of the study in
which directions the Jjuveniles would expand thcif ranges, therefore
antennz sites vere selectel which would provide reasonable range and
yet maintain acceptadble angles for obtaining signai locations.

This resultzd in slight elongation of the weekly locaticun plots

of the radio-~tagged birds. Bach tower conzisied of a pair of four
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element yagl antennas stacked so thai a distinet null aigral occurrad
when the antennas were directly facing a bird. Locations were taken
every 10 to 15 minuies, deponding on activity, on days when weaiher
vermitied. The two antenna operators were in radio contaci so that
directions could be taken simultaneously.

Locations were plotted by hand and maximum area was delineated
by the method proposed by Odum and Kuenzler (1955). The maximum
area was determined by connecting the outermost location with
straighl lines., Utilized area was determined after the exireme
5 percent of points were eliminated and the new outermost points
were connccted forming a straight sided polygon. Locations were
plotted weekly for size and area of utilization comparisons,
Size of the utilized areas vas determined by measuring the respective

polygons with a planimeter.



RESULTS AND DISCUSSION

Breeding Season Chronology

Ferruginous hawks were first cbserved on the sludy arco
in late March in both years. The first courtship and nesting
activity was cbserved during the first week of April., BExacl
dates of egg laying were not known because initial nest visits
were delayed until mid-May. Assuming an incubation period of
35 days (Olendorff 19?3), the median dates of egg laying were
21 April in 1976 and 19 April in 1977. Incubation lasted
appeoximately 35 days and 40 days elapzed from hatching to fledging
(Tavle 1).

Ferruginous hawks in Utah arrived in the nesting arez in
early March and began laying in late March (Smith ard Murphy
1973, Howard 1975). Ir Colorado breeding activity began somewhat
later than in Utaﬁ and was extended over a lorger period (Olendorff
1973). Breeding territories were estatlished at a later date in
northwestern South Dakota than in Cclorado or Utah. The time
elapsed between batching and fledging was sho£ter in Haxding
Jounty than in Colorado or Utah resulting in fewer days on the

1est for the restlings and an overall shorter breeding seazon.

lest Site Selection

In Harding County all tut five nests were located withian a

arrow ctrip avproximately 25 km wide ewtending from northwest



Table 1. Breeding chronology of ferruginous hawks ir Hording Count;

South Dakota.

12

Tt

1976 1977

First observation of adults 24 March 27 March
First courtship displays

observed b Aprid 5 April
Earlisst laying date 13 April 15 April
Median laying date 21 April 19 April
Latest laying date 28 April 22 April
Earliest hatching date 17 May 20 tay
Median hatching date 25 May 2 May
Latest hatching date 1 June 27 May
Earliest fledging date 25 June 25 June
Iatest fledging date 12 July 10 July
Average numbzr of days young

were in the nest 39 L1
Length of breeding season 99 95




to southeast through the center of the county (Fig. 1). This

band corresponded roughly with the greatest concentration of outies
and hills used by ferruginous hawks as nesting structures. Jand
use in the northeast portion of the county was dominated by small
grain farming which rendered many areas unsuitable for nesting
ferruginous hawks, while in the southwest portion of the county
the terrain lacked the types of structures most frequently selected
as nest sites.

Hith one exception, 21l nests were located in unbroken,
ungrazed oxr lightly grared prairie or in small badland areas surrounded
by prairie, One nest in 1970 was situated adjacent to a lightly
traveled county road, surrounded by alfalfa, and was unsuccessful.

Ferruginous hawks in Harding County utilized five distinct
nesting sitvations; river bed mounds, river cuttanks, low hills,
mud buttes, and high vegetated hills. Twenty-one of the active
nests (55 percent) were located on unvegetated mud tuttes (Table 2).
Height of the nesting structures above the surrounding prairie
ranged from O to 25 m with 2 mean of 6,1 m in 1976 and 8.6 m in
1977 (Table 3). The differcnce between nest heights for 1976
and 1977 was significant (t = 1.86, P 0.05, d.f. = 34) (Steel and
Torrie 1960). |

Twelve of 17 nests used in 1977 were located within 1 kn

of a nest active in 1976 and four cof the 12 were the identical site.



Table 2. Geologic structures used for nesting by ferruginous hawks

in Harding County,

Number of nests

1976 1977 Total Percent
River bed mounds 1 0 1 2,6
River cutbank 2 6 8 21.0
Low hill by 1 5 13.1
Mud butte 12 9 21 55.3
High vegetated hill 0 3 3 7.9




Table 3. Height {(m) of geologic structures used by ferruginous

hawks as nest sites,

Nest Height 1976 1977 Total Percent
Level ground 2 1 3 8.3
0-3 L 0 4 11,1
3-6 3 5 8 22,2
6-9 b 3 7 19.5
9-12 5 3 8 22,2
12-15 1 L 5 13.9
Greater than 15 0 1 1 2.8
Mean 6.1 8.7 7.3
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Snith and Karphy (1973) reported that ferruginous ravks reoccupicd
the sane nest site for as many as four consecubive years.  HNest size
averaged 31 cm high, 121 cm across, and 58 cm in nest cup diameter.

Nest materials were primarily standing dead vegetation. The
outer basal portion of the nest was constructed mainly with
sagebrush tranches up to 2.5 cm in diameter, Barbed and baling
wire, twine, paper, plastic, and dried cow manura were quite

frequently added to the nest. The nest cup was usually lined with

buffalo grass (Buchloe dactyloides) and a few bleces of jpaper and
dried ranure.

In areas where trees are relatively common feriugincus hawks
of'ter place their nests 2 to 4 i above the ground in an isolated
;rec. Cottonwoods (Poyulus spp. ) and especially junipers (gggipgggg
spp.) are the trees most frequently used for nesting (Platt 1971,
Howard and Fowers i973, Smith and Murphy 1973). In treeless areas
or badlands ferruginous hawks nest on low cliffs, buttes, cutbanks,
or hills (Ward 1968, Weston and Ellis 1948, Snow 1974).

Although several riparian areas and ravines within the study
wrea supported tree growth, no active ferruginous hawk nests were
‘ound in trees. Craighead and Craighead (1956) noted that great

orned owls (Bullo virginianus) tended to dominate a nesting population

f raptors. It is the earliest nesting raptor, causes nest desertion

y its presence, and actively preys on other raptors. Great horned



owls were common on the study area and their nasting was under vay
when the ferruginous hawks returned in the spring.

Early in the nesting scason ferruginous havks are very
intolerant of their own as well as of other species of raptors
(Olandorfi 19?1). This intolerance prevented their nesiing in
close proximity {0 great horned owls. The intolerance combined
with a high population of great horned owls prevented the hawks
from nesting in trees, forcing them to construct their nests on
cutbanks, hills, and btuttes. Olenderff (1972) observed a
displacement of ferruginous hawks bty great horned owls from more
to less favorable nesting sites,

Other researchers have reported that the incidence of ground
nesting by ferruginous hawks ranged from 3 percent (Howard 1975)
to 52 percent (Weston 1969). In the present study all nests were
located on the ground, constructed on a cutbank, hill, or butte.
ﬁither the earlier nesting gre;t horned owls were effective in
displacing ferruginous hawks from tree nest sites or the hawks
vere simply selecting ground sites in preference to tree nests.
Active selection of ground nesting sites might be influenced by
preference for exposed rather than shady nest sites, easy access
to the nest from 21l sides, lack of visual olstructions which would
be present in a tree nest, or ground nest locations which would
be more remote ifrom otha2ry nesting repiors ihan nesis luvcaied 1o

trecs,
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O0f ihe nest sites observed in this study several fastors may

have influenced nest site selection. All sites enabled wirds to

view a large area surrounding the nest. Situating lhe nest at a

good. vantage point would allow adulis to detect boih potentianl
predators and prey from the nest. t was extremely difficult to
climb most nest structures, this ccould deier some predators and give
the havks an advantage in driving others away.
The aspect or direction of nest exposure appears to be
nvolved in nest site selection. Aspect seleciion could bs coatrolled
1y selection for exposure to the sun, shade, and, or the peeveiling
inds. In northern Utah, vhere the preveiling carly sukmer winds
re from the south or southeast, Weston (1969) found that 55 percent
£ the ground nasts had east exposures and 23 percent had south
(POSULES, Lokemoen and Duebbert (1976) found all ground nest
~jented to the west in northcentral Scuth Dakota where prevailing
wril winds ars primarily northwesterly (U.S.D.I. 1970), In the
esert study 91,4 percent of all nests were oriented to the west
south or were located on top of ihe nest styucture (Table k),
evailing winds in northwestevn South Dzkota blow from the south
1 southwest in late spring and summer (Spuhler et al. 1971).

tcement of nests with access to a prevailing wind would allow

onding adelts to bocowe airberne without difficulty. Nestlings

.]-

ring the age of [ledging vere often olserved facing into the

4 with their wings spread, Exposurc to high winds bLzfoce lea

GQ
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Table 4. Direction of exposure of active ferruginous hawk nests
in Harding Couniy during 1976 and 1977.
North South East West Top
1976 0 L 1 5 8
1977 1 5 2 3 6
Total 1 9 3 8 14
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the nest may accustom fledglings to conditions similax to those
encountered during flight and thereby enable them to attain some of
the coordination necessary for f£light.

MeGahan (1968) concluded that the direction of the rays of
the sun influenced nest site selection in golden eagles. He
thought that exposuie to the sun was especially important during
the early spring months because air temperatures weve frequently
below freezing. The warming effect of the sun would be advantageous
to both the incubating adults and the eggs. In Harding County air
temperatures below freezing occurred frequently early in the
incubation period. It would be to the advantage of incubating
ferruginous havwks to place their nests in locations where they
could be varmed by the sun.

Only four of.35 ferruginous hawk nests provided any shade
at all and of the four only two provided a substantial amount of
shade during the hottest part of the day. Olendorff (1973) concluded
that direct sunlight was detrimental to overall nesting success
of ferruginous hawks after observing lower productivity in unshaded
than in shaded nests. Kochert (19?2) atitributed the deaths of eight
L to § week old eaglets to heat prostration after a prolonged hot
period., All the caglets were from nests with southexrn or western
exposures which received direct sunlight during the afternoon.
Mestling ferrsuginous hawks have relatively large gapes and a

considerable amount of heat is lost during their almosl constant
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gullar fluttering, No deaths were aitribuied to heat srestration

even though adults discontinued shading the young 10 to 12 days
after hatching.

Direct exposure of nests to the sun is not a

detrimental factor for Terruginous hawks and rey in fact be beneficial,
yeoviding added warmth for incubating birds in early spring and

Jhereby reducing energy demands.

esting Density

In 1976, 24 pairs of ferruginous hawks were observed in the
udy area, 17 pairs and two unpaired adults were present in 1977.
erage distance between active nests was 7.2 and 6.4 km during

> two nesting seasons (Table 5). Crude densities on the 7000 kn?

Wdy area were 292 kn? per pair in 1976 and 412 km? per pair in
"7+ In 1976, when 18 of 24 pairs attempted to nest crude density

389 km? rer nest attempt. All pairs observed in 1977 attempted
1cst. FEcological density of nesting ferruginous hawks was

k2 per nest attempt in 1976 and 99 kn? pexr 1977 nest attempt.
During the 1976 breeding season six pairs occupying territories
arly April did not attempt to nest. Thare was apparently a
.cient quantity of unoccupied nest sites and an adequate prey
availatle. Ferruginous hawks do not breed until their third
urth year (Brown and Amadon 1968). Perhaps some adulis were

1 with sexually immatnre bhirde inczpable of cumpleling the

.ng cycle, Three paired individuals vhich had not yet attained
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Table 5. Linear distance (km) between active nests during 1976

and 1977.
N Nearest Murthest Mean S.D.
1976 18 2.4 15.0 7.2 3.59
1977 17 2.0 14,5 6.8 L, 35




plunanage characteristic of adults were observed. I found no
information in the literature which correlated attainment of adult
Plummage and the age of sexual maturity in this species. It is
likely that the paired birds in immature plummage were sexually
immature and this prevented nesting.

The density of ferruginous hawks observed on this study area
was much less than that found by other investigators but may be
a more useful figure since this study area was not selected for its
high population of ferruginous hawks as were several others.,
Lokemoen and Duebbert (1976) reported one pair of ferruginous hawks
per 17.4 kmz and Weston (1969) found one pair per 39.9 kn? in Utah,
Weston observed cne pair for each 18.1 km2 on a small area within
his 1969 study area; this site was chosen because of its high
densities of ferruginous hawks., Platt (1971) rcported a density
of 116 kn” per pair in a Utah desert and Olendorff (1973) found

99.9 kn® per pair on a 2,598 Kk study area in Colorado.

Nesting Success

Thirteen of 18 nesting attempts by 28 pairs were successful
in 1976 znd 14 of 17 attempis of 17 palirs were successiul in 1977.
Nesting success, tased on the total number of pairs present, was
54,2 percent in 1976 and 77.7 percent in 1977 (including the two
unpairsd birds as a pair). One cf Tive nest failures in 1976

occurred approximately 25 days into the inculation period after

23
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the adults abundoned the nest. Mammalian predators, the coyote

(Canis latrans) and the red fox (Vulpes wulpes), were responsible

for three of five nest failures in 1976 and one of three failures

in 1977. One 1976 brood was deserted and died of exposure, starvation
or a combination of these factors. The young of two 1977 broods
probably died of exposure after 10 days of severe thunderstorms and
"high winds which occurred in mid-June. Clutch size, production,

nest success, and other breeding data are summarized in Tables 6
through 9,

Infertility was the most common cause of cgg loss accounting
for eight of 1& unhatched eggs. Thres fertile egms failed to hztich,
three young died after being abandoned by the adults, and predation
was 2 factor in 12 nestling deaths in 1976 and five in 1977. The
youngest bird in each of two broods disappeared at the age of about
14 days. Both ofmthese birds weighed considerably less than their
1est mates, although they were only a2 few days younger. Their
reights fluctuated widely while their nest mates gained weight
wonstantly, Weight fluctuations observed during a period when
cowth is normally logarithmic (Olendoxff 1973) indicated that these
oungest birds wexe not receiving a sufficient quaqtity of food,
gither bird was found in or around the nest and I believe that
hey were either killed and eaten by the larger nesilings or died

1d were then consumed. Ingram (1959) reported that fratracide

eurced Iraquently among raptors.



Takle 6, Frequency distribution of clutch size of ferruginous hawks

in Harding County.

Clutch size

N 1 2 3 I 5 Mean  S.D,

1976 18 0 16.7 38.9 by, by 0 3.44 1.8
1977 17 0 23.5 29.4 .2 5.9 3.29 1.7
Total 35 0 20,0 34.3 42.9 2.8 3.37 1.7




Table 7. Production of ferruginous hawks per nest attempt
and successful nest.
Young hatched per Young fledged per
N Attempted Successful Attempted Successful
1976 18 2.89 4,00 1.89 2.6
1977 17 3.06 3.71 2,29 2,78

26
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Table 8., Survival of nestling ferruginous hawks in Harding County
during 1976 and 1977 (percent in parentheses)
Eggs Hatch Flcdge Starve Predation Deserted Otner
1976 59 52(88) 34(58)  3(5) 12(20) 3(5) 0
1977 56 52(93) 39(70) O 5(9) 0 8(1x)
Total 115 104(90) 73(64)  3(3) 17(15) 3(3) 8(7)
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Table 9. HNesting success of ferruginous hawks in Harding County.
Total lHesting Sugcessful Young Young Nesting
pairs attempis nests hatched fledged success!

1976 24 18 13 52 34 54.2%

1977 17 17 14 52 39 82,3%

Total bl 35 27 102 73 65.9%

1Nesting success based on the number of pairs present and the number

of successful nests,



A)l nests destroyed by predators curing 1976 and 1977 w
logated on hills or mud btubttes less then 5 o high.  Ti

could have easily been 2limbed, thus rerndering them insecure as

nesti sites. Frosh fox scats were found at thres of four destroyed

nests, implicating the red fox as the responsible predator,

No renesting atiempts were made during the study., VWhan a pair

ihandoned its nest or 2 nest was desutroyed by predators or advers

o b

reather cenditions the adults usually remained in the vieinity of

.2 nest foxr the duration of the nesting sesason., Defense of the

-ast decreased considerably afiex nest failure and ceased completely

Fter a feu weeks, When an intruder zpproached an unsuccessiul

ast the adulis simply soared high overhead, occasionally emi &

hort calls, Others have reporied sirilar bshavior and lack of
znesting Ly tnls sp;61eo (Davy 1930, Olerndorff 1973, Howard and

swers 1973, Smith and Murphy 1973, Howard 1975).

rhavior

Woffinden (1975) stated that when an intruder is prosent

ith adulis soared high overhgad uttering shrill calls, with

casionzlly one or both making a perfunciory swocp at the iniruder,

milar soaring behavior was observed during this study but swooping

the researcher was frequent. DMiales were most active in nest

Ferea.  dales and occasionally females swoopad from itwo to ten

nres while I was at the nest, oflen avirozciing within 1 m.



After five to seven visits to a pariicular nest, defensive belmvior
asually subsided to a point where the adults soared and called for
1 few minutes and then perched nearby awaiting my depariuce., Both
wdults, especially the male, usuzlly escorted me ta one-kalf km
way from the nest, socaring but not ecalling,

On one occasion as I approached the nest the resident female
ircled and called for a few minutes and then left the area. She
eturned and after circling a few times swooped toward me, dropping

7 to 10 cm diaméter stone from her feet as she pulled up from
7r dive. The stone landed approximately 5 m from me, this behavier
S not repeated. Janes (1976) reported the apparent use of rocks

nest defense by a raven (Corvis corax),

Weston (1969) and Woffinden (1975) reported the presence of
third bird joining a pair of ferruginous hawks involved in nest
fense. I obser;ed this type of behavior on two occasions; each
sxa blrd was an adult ferruginous hzuk but sex could not te

.ermined.

I observed nesting birds defending their tsrrvitories against

er raptors on four occasions, each time the male was the defender.

e a pair of ferruginous hawks flew over an occupied nest and
resident male flew up and escorted them away from the nesting

t, More aggressive behavior was directed toward intruding

len eagles {Aquila chrysaetos). On several ozcasions I observed

uginocus hawks swooping repecatedly at intrvding ecgles. Ezgles

30



reacied by turning their bheads towardl the divins bhawk or by turning
over on their backs and extending their legs and taloas Lowand the
hawk, occasionally making contact., This interacticn continued until
the eagles were well away from the nest., Weston (1969) obscrved
little aggressive behavior directed toward golden eagles although
he reported ferruginous hawks attacking but not making contact with
ravens, In this study a ferruginous hawk was observed attacking

and drciving off a marsh haxzk (Circus cyaneus) which had entered an

area in which the ferruginous hawk was hunting,

Dawson (1909) labeled ferruginous hawks "cowards" because of
their generally passive nesi defense and Taverner (1943) questioned
how these ground nesters escaped predation by coyotes. Angell
(1969) described in detail the defensive reaction of a pair of
ferruginous hawks to the presence of & coyote near their nest.
They were extremei& aggressive in driving the coyote away fyrom the
nest, striking it several times and ofien diving as a2 pair with one
bird distracting the coyotes attention and ihe other striking it.
In this study there was no noticeable difference in agressive
behavior botween birds nesting in secure situations and birds

1esting in insecucse situations.

exing Criteria

Mean flexed hallux diameters were 17.8 mm for females and

I, ma Tor males (Table 10). Hallux measurements of females
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Pable 10, Hallux diamcters (mm) of unfledged ferruginous hawks more

than 30 days old.

-
N

Males Feirales
13.7 15.0 16.7 17.2
i5.2 14,2 17.0 16.0
13.6 1.1 17.0 17.6
12.6 13.8 17.9 15.6
13.2 14.5 15.8 18,0
15.2 12.8 17.5 17.8
13.6 13.8 16.9 18.5
12.7 12.8 18.5 18.4
14,4 13.6 17.2 18.2
14,0 14,8 19.4 18.5
1.9 7 15.0 19.2 19.2
15.7 14,8 18.8 18.7
.7 15.0 19.3 17.7
15.8 14,8 18.5
15.5 15.%

15.8 1.6
N =32 N =27
Mean = 14,36 Mean = 17.82
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averaged 1,24 times as large as those of males. A comparison of
ithe mozns using Student's t test showed a highly significant
difference (t = 13.07, P 0.0001, d.f. = 56). Mean body weights
#ere 1577 g for females and 1114 g for males (Table 11), females

weraged 1.42 times as large as males, Body weights of males and
‘erales were significantly different (t = 19.2, P 0.0001, a.f.

= 56),
ny unfladged ferruginous hawk morc than 30 days old with a flexed

2llux dianmeter greater than 15.5 mm and weighing more than 1300 g

s & female, Approximately 95 peorcent of the nestlings fell clearly

ito either the male or the female category, the remazining 5 parcent

re borderline in one measurement tut clearly distinguishable,

garding sox, in the othexr measurement. Weights werc slightly

ther than those recorded by either Olendorff (1971) or Howard
175).

mnage Types

Brown and Amadon (1968) list four distinct plummages fox

mnginous hawks: light, dark, red, and immature, Immature birds
» ogcur in bolh light and dark phases, Three distinct plummages
observed on the study area. OFf 84 adults two (2.4 porcent)
dark phose and 82 (97,6 percent) were light phase. A1l fledzlings
inteR et

g2,  Olendorff (1973) found ithat
phase birds accounted for 3 percent of the adnlr rop

tight phase immature plus

T d t A
. e d

rruginous hawks in Colorado and Howard (1975) observed 3.5

at dark phaze adults in Utah and JTduho,



Table 11. Weight (g) of unfledged ferruginous hawks more lhan

30 days old.

Males Females
1095 1117 1508 1308
1034 1120 1357 1442
1088 1092 1670 1555
1078 1152 1340 1565
1012 1000 1565 1650
1115 1110 1775 1640
1102 1040 1605 1500
1210 1205 1435 1535
1165 1030 1660 1630
1160 1150 16450 1610
1075 1100 1795 1650
1175 1095 1635 1725
1140 1230 1530 1660
1180 1270 1620
1069 1080
1145

N = 31 N = 27
Mean = 1114 Mean = 1578
S.D. = 67.2 S.D. = 122.5



Digt During the Breelding Season

During 1976, 342 pellels and individual zeirins of prey animals
vere collected; 348 items were collected in 1977, Mammals represented
70.3 percent of the total prey items while birds and xeptiles accounted

for 27 and 2.6 parcent respectively (Table 12). Thirteen-lined

ground squirrels, western meadowlarks (Sturnzlla neglectz), and

white-tailed jackrabbits were the most frequently occurring prey

items. Eighty-two percent of 2ll westiern mesadoularks identified

from pellels and prey remains were Jjuveniles. These findings
supported the results of Cameron (191%), Angell (3969), and Mouard

(1975) th:t birds taken as prey were primarily recent fledglings,

In the west, black-tailed jackrabdbits (Lepus californicus)

rere an important food item of ferruginous hawks (Weston 1969,

mith and Mucphy 1973, Howard 1975). The importance of ground
quirrels as preymfor ferruginous hziwks has been observed in Coloiado
Olendorfy 1973), Utah (Howard 1975), and South Dakota (Lokemoen

nd Duebbart 1976). May (1935) and Bent (1937) found that manmals

sro the most common prey item.

Mamnals accounted for 94,1 percent of prey biomass, birds
¢ percent, and reptiles znd amphibians 1.0 percent (Fig. 2).
ite-tailed jackrabbits were the single nost important prey
om, composing 68.4 percent of tolal bicmass., Thirteen-lined
vuitl syudrrcis accoutted for 15.0 pereent and easiern covionialis

yivilarms virginianes) 5,3 percent of total biomass., Western

o e




LuiT A, nalysis of pellets and prey remains found at ferruginous hawk nests in 1976 and 1977,
number of occurrernces and percent frequency of occurrence.
1976 1977 Total
No. % No. % No. %
Yammals
Thirteen-lined grourd squirrel
(Citellus tridecemlireatus) 156 L5, 6 147 42,5 303 43,9
“nite-tailed jackrabbit (Lepus townsendi) 18 5.3 49 18,2 67 9.7
Xorihera pocket gopher (Thomomys talpoides) 21 6.2 33 9.5 5it 7.8
Z2stern cottontail (Sylvilesus floridanus) L 1.2 9 2.6 i3 1.9
Blacktail prairie deg {Cynomvs ludovicianus) 1 0.3 6 1.7 7 1.0
Zongieil weasel (Mustela frenata) 0 0 3 0.9 3 C.L
Deer moise (Peromyscus maniculatus) 1 ¢.3 1 0.3 2 0.2
Ord kangzarco rat (Lepcdomys oxdi) 1 0.3 0 0 1 0.1
Youse mouse (Jus musculus) 2 C.6 0 0 2 0.3
¥estern horvest mouce
(Reithrodontomys meralotis) 2 0.6 0 ) 2 0.3
(Peromysicus spp. ) 3 0.9 0 0 3 O.b
¥ispid pocke: mouse (Percgnathus hicpidus) 16 5,7 s 1.4 21 3.0
Total 229 67.0 256 74,0 485 70.4
3ircs
Western meadowlark (Sturnslla neelecta) 91 26.6 71 20.5 162 23.5
Horned laxrk (Eremopnila alpestris 5) 6 1.7 3 0.9 9 1.3
Chesinut collared longspur (Calearius ornatus) 1 0.3 0 0 1 0.1
Gray reriridge (Perdix perdix) 1 ¢.3 0 0 b 0.1
uowron fl cker (Colaptes aurotus) 0 0 L 1.1 i 0.6
Sprague's pipit (Anihus sprapueil) o 0 3 ¢.9 3 0.
Larn bunting (Calamospiza melanocorys 2 0.6 2 0.6 L 0,4
Srerrow unknown 3 0.9 0 0 3 0.4
Total 104 30,4 83 24,0 187 27.0
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Tabie 12. Ccontinuved

1976 1977 Total
No. 4% Xo. % No, %

Bertiies
Western hognose snake (Hetercdon nasicus) 6 1.7 6 1.7 12 1.7
Gopher sneke (Pituorhis melanolsucus) 2 2.6 2 0.6 L c.6
Shori-horned lizard (Phrynosoma douglassi 1 0.3 0 o 1 0.1
Leopar(. frog (Rana piviens) 0 0 1 0.3 1 0.1
Tetal 9 2.6 9 2. 18 2,h
TOTAL PREY ITHHS 342 100,0 348 100.0 690 100,0

129
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meadowlarks, allhough only second to ground squirrels in frequency,

accounizd Tor only 3.7 percent of the total biomass (Fig. 3).

Juvenile Post Fledging Activity

Areas utilized by fledglings were determined from 2147 locations
obtained from six radio-tagged birds, Young birds were closely
associated with the nest for one to two weeks after fledging, With
one exception no juvenile birds were located at the nest later than
14 days after fledging. Thus depsndence of the fledged young on
the nest site as a place to obiain food was limited to two weeks
1fter fledging, By this time the young had apparently developed
she flying and hunting coordination necessary to make them independent
of the nest. They no longer required the security offered by the

est and were able to accompany their varents away from it, [FFor

he firsi two weeks after fledging the young returned to their

ests to ohtain food from the adults and to roost but this activity
lso stopned alfter two weeks,

With two exceptions utilized areas expanded with each week

*ter fledging (Table 13). Two weeks after fledging birds 15 and
), 2 male and female from the same nest, shifted their utilized
ez feom the nesti area to a large hill (Figures &4 and 5). They
r often observed perching on or flying in the vicinity of this
11, Birds 11 and 13 also expanded itheir range during the second
2k off the nest to include several buttes which provided them.

Lh perching sites (F&gures 6 and 7). This arca corcesponded to
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Table 13. Area (ha) uillized by radio-tagged juvenile Terruginous
hawks after fledging.
Veeks after fledging

Bird No. Sex 1 2 3 b
09 M 81.9 365.2 772.8 776.6
10 F 128,2 315.9 Lsh,0 657.7
11 I 20,4 70.6 247.2 502.5
13 F 28,9 210.7 376.6 793.7
15 F 88.3 9.0 19.3 olt,1
16 F 13.2 7.8 15.6

105.2
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the range utilized by their pnrents.for hurting. During their thizd
and fourih weeks off the nest the activily of bizds 1l ard 13
shifted to an area from wvhich wild hay had recently been cul.

The one-half ton round bales proltably provided numerous hunting
perches and the short grass made poiential prey readily visible.

Birds 9 and 10 expanded their utilized area weekly (Figures 8
and 9). The general direction of range expansion corresponded with
the area of least bhuman activity in the vicinity of their nest.

A heavily used highway to the east and ranch buildings to the north
and west may have restricted the expansion of their activity in
ithese dirsctions,

At the beginning of the fifth week after fledging the radio
signals of birds 9 and 10 could not ©te located, Visual observation
of the area the birds had been using revealed no sign of either the
Juveniles or the édults. Similar loss of radio signals and the
disappearance of both young and adults occurred for the other four
radio-tagged birds during the middle of the fifth week afier
fledzing. Other occupied nest arcas vere also deserted during this
period and 1 feel thal many ferruginous heawks were leaving the study
area during the first week in Septembsr. Approximately five and
one-half months elapsed from the arrival of the adults in late Maxch

until their departure in early Sepiember.
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Inmpact of Hunan Activity and Develoomznt

Ferruginous hawks are sensitive 1o human activiiy and will
readily abandon their nestis, even affer a single visit, if the
young are siill unhatched {Snow 1974). Activities such as ploving
and discing, mineral exploration and exztraction, or off-road
recreational vehicle use can result in nest abandonment when conducted
in tha vicinity of a nest. Such activities occurring repsatedly
after the young have hatched may keep the attending adulis off
the nests for excessive periods of time.

Olendorff (1973) observed a larzer clutch size and a 2.5
percenl greater probability of fledging {rom remole nests than
from nesis that were easily accessible to the public, In Harding
County only one nest was in an area easily accessible to the publie,
making a comparison between remote and accessible nests impractical,
I mezsured the di;tance from 36 active nests and from 36 randomly
selected points to the nearest location of regular human activity,
The wean distance from active nests to the nearest human activily
vwas 3.31 km while the mean distance from random points was 2,47 kn.

The difference betwzen the means was significant (t = 2,33, P 0.01),

(&)

d.f. = 70), Lokemoen and Duebbart (19756) observed that 11 of 12
grouné nests of ferruginous hawks in northcentral South Dakota
aere located farther from human activily than the mean distance

of randomly selecied polnis,



Slight differences in clutch sizé and halchsbility were observed
batween the two nssting situations. Fifteen of 18 nests (83.3 percent)
located farther from human activity than the mcan of randomly
selected points were successful, while only 12 of 17 nests (70.1
percent) located closer to human activity than the random point
mean were successful, The probability of fledging from a more distant
nest was 11.% percent greater than from a nest closer to occupied
dwellings.

Dry farming for alfalfa and small grains is increasing in
Harding County. Between 1970 and 1974, 7695 ha of uncropped grassland
was converted to cropland. During fiscal year 1975 this first tine
conversion to cropland figure was 711.6 ha while 4752.3 ha of
grassland were converted to cropland during fiscal year 1976
(Loy Allen, pers. comm. Sixth District Council of Local Governments,
P.0. Box 1586, Raiid City, South Dakota 57709). This trend loward
nore intensive agriculture is expescted to continue,

The iumplicalions of increased conversion of pasture to cropland
are important to the ferruginous hawk population of Harding County.
Monotypic fields of small grain would probably support a lower
prey base for ferruginous hawks than would native geassland.

Where farming occurs in a traditiomal nesting area the result will

bz a shift in the hunting range to a location morc distant from the
nest or compleie abandonment oi the nasting area, lncreased springtime
Farming activiiy csuld interfere with courtship or cause nest .

1bandonaend.
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CONCIUSION
The breeding population of ferruginous hawks in Harding County
remzined stable during the 2 years of study. lowever, the total

seasonal resident population changed substantially. Tn 1976,

)
=
e ]

2irs wore present with 18 attempting to nest while in 1977

only 17 paivs were present and 2ll attempted to nest., The cause

L

of this 29 pexrcent reduction in the seasonal resident population
is unknoim,

Total preduction of young was similar between the 2 years
while overall nesting success was higher in 1977 than in 1976,

This was attributed to a lowar incidence of nest destruction by

52

mampeliun predators, In 1977 nests were placed on geologic structures

which were significantly higher than nest structures used during
1976. Tho decrease in mammalian predation was probably the result
of the birds seleétion of higher, lsss accessible structures for
nesting.

With one exception radio-tagged juvenile ferruginous hawk

vere not dependent on the nest site for more than 2 weeks after

fledging, Young remained at least partially dependent on the adults

fcr fozd for a minimum of 30 days afier fledging.

The braeding population of ferruginous hawks in Harding
Jounty appears stable at the present timz, although the extreme
sensitivity of these birds during the nestiing scason will cexntainly

wause Jocal populations Lo declive as human activity in remote



arcas increases, [xploration for energy resources and the development
associated with their extraction along with intensified farming
will reduce tho numbesr of areas in Harding Countiy suitable for

ferruginous hawks.
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SUFMARY
A two year study of ferruginous hawks nesting in Harding
County, South Dakota, was begun in 1976. Objectives of the study
were (1) to determine the population level of the ferruginous hawk
in nocthwestera South Dakotz; (2) to determine the scological
density of ncsting pairs; (3) to document the reproductive success
(clutch size, hatching rate, and fledging rate); (&) to document

the fecod censumpiion of both young and nesting a2dult ferruginous havk

i

(5) to estimate the proportions of different types of habitat
associated wilh each hunting territory; and (6) to determine the
post Tledging activity of juveniles.

Ferruginous havks axrxrived on ihe study area in late March and
began ege laying in mid-April, Young birds first left the nests
in late Junz, The ecological density of nesting Terruginous hawks
was 104 km® per nost attempt in 1976 and 99 km? per attempt in
1977. Twelve of 17 nests used in 1977 were located within 1 km of
a nest active in 1976 and four of ths 12 were the same nest,

Cluleh size averaged 3.44 in 1976 and 3.29 in 1977, while
1.89 young fledged par nest atlempt in 1976 and 2.29 fledged per
attenpt in 1977, Weight and flexed hallux measuremenis were used
10 scx nestlings. Unfledged birds more than 30 days old with a
flexed hzliux greater than 15.5 me in dilameter and weighing more

than 1300 g were fomales,



Siz hundred and rincty food iters were identificd Ffrom pellets
and prey remzins collectzd in or around nests during the two year
study. HMammals accounted for Git percent of prey biomass, birds
5 percent, and reptiles 1 percent., Based on biomass, white-tailed
jeckrabhits and thirteen-lined ground squirrels were the most
important prey items.

All but one nest was located in unbroken, lightly grazed
prairie and were placed on the ground, on hills, bulies, or river
cutbanks, Nests vere usually located farther from occupisd dwellings
tian were randomly selected points and were oriented toward the
south and west. |

Radio transmitters were placed on six Jjuvenlle ferruginous
havks as they neared fledging. The radio-tagged birds expanded
their utilized arcas during each successive wzzk after fledging.
Most Terruginous ﬁéwks bad left the study area by mid-Sedtember,

approximately 2 weeks after their arrival,
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