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ABSTRACT

The potential for long-term raptor research and manage-
ment in northeastern Colorado is great. This paper includes‘
fundamental data concerning nesting phenologies, general
life histories, population densities, biomasses, reproductive
performances and food habits of raptors which nest on the
shortgrass prairies of Colorado. The data were collected
between 1 May 1969 and 1 September 1972. Also included are
analyses and/or discussions of the following: 1) field
techniques and definitions of nesting parameters, 2) the
effects of historical and current activities of man on
nesting performances, 3) comparisons of current and past
population levels of selected species, 4) the effects of
certain weather conditions on nesting phenologies and suc-
cesses, 5) differential use of summer habitats and nest sup-
ports, and é) the importance of interspecific differences in
nesting phenologies. Finally, a thorough, long~term study
of population dynamics, management techniques and emergency
conservation measures applicable to raptorial birds is out-
lined in detail. All of this information should benefit
ecogystem analysts and/or wildlife managers in their respec-

tive endeavors involving grassland birds of prey.
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PREFACE

The following report is an update of U.S. IBP Crassland
Biome Technical Report Neo. 151 (Olendorff, 1972b). As such,
somne of the same material is repeated herein, but an addi-
tional year's data has allowed considerable expansion and
more thorough analyses of certain relationships. Differences
between this report and Technical Report No. 151 _include the
following: 1) analysis of a three-year rather than a two-
year study period, 2) comparison of breeding densities and
productivities on a 414-s3q mile "unbroken® grassland study
area with the same nesting parameters on a 1,000-s8q mile
study area which is a composite of unbroken grassland, creek
bottom, cliff and cultivated habitats, 3) an in-depth analy-
sis of all data collected on the nesting of grassland raptors
at man-created nest sites, 4) a preliminary analysis of
predator-prey relationships, and 5) a lengthy and detailed
outline of much needed, further raptor research for which
northeastern Colorado has unlimited potential. The latter
was the subject of a proposal submitted to the National
Science Foundation entitled "A Study of Population Dynamics,
vManagement Techniques, and Emergency Conservation Measures
Applicable to Raptorial Birds." The inclusion of much of that
proposal herewith is justified, since the Colorado Division
of Wildlife matched IBP funding in 1972 partially to obtain
suggestions for further research.

Virtually all aspects of this report are in various
stages of preparation for publication in scientific journals.
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The guts of the LSF proposal will be published under the
joint authorship of Richard R. Clendorff and John W. Stod-
dart, Jr. The materials on the dangers of raptor nesting
Studies is being combined with additional material for joint
publication by Kichard R. Olendorff and Richard W. Fyfe of
the Canadian Wildlife Service. The discussions of nesting
parameters will be expanded and published by several workers
in the field under joint authorship. Some of the 1ife his-
tories will be published by Richard R. Olendorff and John
W. Stoddart, Jr., particularly that of the ferruginous hawk.
The section on habitat use and nesting at man-created nest
sites by grassland raptors has already been submitted to
Wilson Bulletin. The following sections are in their first
draft in the present report: 1) "Population Levels and
Productivities”, 2) "Predator-prey Relationships”, and 3)
"Further Considerations". Criticism of all parts is wel-
comed. As a composite of several papers in preparation, a
few, brief redundancies will be noted, but these provide
continuity within the individual sections.

In light of the potentially detrimental popular inter-
est in raptors, 1 will continue the precedent of previous

studies by mot giving exact nestinzg localities for public

record,.
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Trir. PROBLEMS OfF RAFTOR RXSEARCH PERTINENT Tb THIS REFCRT

Historically, publie ‘interest in birds of prey has been
directed toward either indiscriminate destruction or total pro-
tection of the birds. A trend toward the latter has developed in
the United Staﬁes during the past 30 years or more. The most
recent step in that direction was the signing in 1972 of a new
migratory bird treaty between the United States and Mexico which
placed all birds of prey under federal jurisdiction. With this
jurisdiction also came a responsibility, albeit not explicitly
stated, to conduct research into the problems confronting birds
of prey in the changed environment created by drastically
increased human occupation and development.

Protection of birds of prey as a valued natural resource
can never be total or complete; direct and indireect pressures of
human interference are relentless. Examples are the eagle
poisonings, shootings and electrocutions in Wyoming and Colorado
in 1971 (Olendorff, 1972a). Others include increased demand
for raptors by falconers and zoological gardens, increased
activity of amateur ornithologists and photographers, and shooting
of birds of prey by irresponsible hunters and owners of game bird
farms. In addition to these immediate or proximate factors, there
are several subtle, ultimate causes of raptor population decline
such as habitat destruction, continuing global development of
intensive agriculture and attendant use of chemicals, and con-
tinuing emission of environmental pollutants in general.,

All of the above is happening when in fact 1) birds of

prey, as end of the food chain organisms, have proven to be



important barometers of environmental contamination; 2) most are
important components of balanced ecosystems; 3) raptorial birds
are aesthetically pleasing to a growing number of people who
appreciate birds and wildlife in general; and &) many birds of
prey are declining in numbers, some toc the point of being econ-
sidered rare and endangered species by most authorities.
Scientists, naturalists, conservationists and mankind in general
all stand to benefit from basiec and applied research aimed toward
raptor management and conservation, and the evaluation of the
role of birds of prey in the ecosystem.

There is, nevertheless, no state or federal wildlife agency
in North America which manages a single raptor (excluding the
California condor (Gymnogyps californianus)) from a position of
adequate knowledge of ecology and population dynamies., It was
suggested in 1965 during the conference on peregrine falcon |
populations at the University of Wisconsin (Hickey, 1969) that
one outcome of the conferehce should be "imaginative research
and action...to determine the extent that management of birds
of prey is possible* (M. W, Nelson, 1969b, p. 407). With the
California condor the only approach is to eliminate all inter-
ference and hope for the best. There is little opportunity of
doing imaginative research to save this condor. All other
North American raptors allow considerably more latitude for
manipulation and research, because of higher populations and a
higher tolerance of human presence, but there is a fundamental
lack of knowing just what to do in the field if the birds are

to endure,



In short, the concept of raptor management lacks field
tested principles -- principles which wildlife agencies through-
out the world urgently need., There is further need of these
prineiples by investigators who are attempting to evaluate
whole ecosyatems, such as the group studying the structure,
function and utilization of grassland ecosystems,

There are many reasons for the pausity of useful informa-
tion concerning population dynamics, energy utilization and
the function (at the ecosystem level) of raptors. Not the
least important of these reasons is that most raptor population
studies have been seasonal and have not been made over the
same area for several seasons, much less several full years,
Furthermore, studies of raptor population dynamics have
typically involved one or two common and/or spectacular species,
often only in their dominant habitat along a cliff line, river
or gallery forest. The bulk of substantive raptor studies
suffer from these biases, biases resulting from the determina-
tion of only ecological densities, as opposed to crude
densities in an area representative of the total habitat used
by a local population of birds (Odum, 1971). Synthesis of
concepts from biased population studies carried out in differ-
ent years, in widely scattered areas, on one or two species
at a time, and with varying techniques is not the most fruitful
approach to the problems raised by the urgent need to manage
the birds of prey and to evaluate their funetion in the eco-
system. Raptor population dynamies and predator-prey relation-

ships are much too complex for such pPiecemeal analysis.
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Meaningful conclusions concerning the role of birds of
Prey as top carnivores are best based on long-term population
monitoring. Management of populations ean only follow basic
regsearch into the principles of raptor ecology and population
dynamics. Such basic study must include determination of both
crude and ecological nesting densities in large areas, quanti-
fication of annual productivity, estimation of mortality rates
of the various age classes within the population, estimation
of relative population levels during migration and wintering
periods, and elucidation of annual and longer-term cycles,
climatic effects and other phenomena affecting population
dynamics. Additional information such ag historical occupancy
of nests by individual birds, and intra- and interspecific
competition between individually recognized birds (as can be
obtained through banding and color marking), adds another
level of refinement to studies of population dynamies. Finally,
as can be determined by radio tracking, the sizes of nesting
and winter territories of birds in the populations under study
are useful in evaluating the importance of birds of prey.

Many of the above represent specific areas of high priority
research involving birds of prey which await adequate interest
and funding.

Year-round, areal studies of groups of birds of prey were
initiated by John J. and Frank C. Craighead. The most complete
and authoritative work on avian predator-prey relationships is
their Hawks, Owls and Wildlife (Craighead and Craighead, 1956)

which resulted from their field work. The impaet of this



pioneering investigation was great. The Craigheads were at
some disadvantage, however, in that they had to collect an
enormous amount of ancillary data on weather conditions,
history of the study areas, etc., and their study areas were
too small (two 36-square mile areas) to allow accurate
extrapolation of their data to larger land areas., A multi-

faceted and penetrating approach must be made if gquantitative

data concerning population dynamics, ecological impact,
management and congervation are to be synthesized, and this

e A s Vem—  w——  ——

mugt involve large land areas.

Another serious problem which is evident from the
literature is that quantitative studies of prey population
levels usually have not been conducted simultaneously with raptor
population studies. The work of the Craigheads is an exception.
Other notable exceptions include Hagen®s (1969) study of repro-
duction of birds of prey in relation to microrodent population
fluctuafions. and the study of the golden eagle in relation
to its food supply in Scotland by Brown and Watson (1964).
Hamerstrom (1969) noted a close correlation between marsh hawk
production in Wisconsin and vole abundance in a three state
area including Wisconsin from 1961 to 1965, although vole
abundance was not measured specifically on the Wisconsin study
area., More recent studies confirm the direct relationship
between the success of nesting harriers and the population
level of voles on the Buena Vista Marsh in Wisconsin (Hamerstrom,
pers. comm,), Lack (1966) analyzed a similar relationship

between tawny owls (Strix aluco) and several species of rodents.




In general, however, most studies of predator-prey
relationships have not been approached at levels which would
allow adequate estimates of energy flow from the prey resources
through the raptor populations present. To allow such analysis
data must be collected to deal with 1) biomass dynamics of
both the raptor and the prey populations, and 2) the quantita-
tive and qualitative food requirements of the raptors. Both
spatial (density) and temporal considerations must be made with
regard to 1) and 2). This report includes information of these
types, but further study of most species is warranted.

Craighead and Craighead (1956) went a long way toward
demonstrating the role of birds of prey as predators. Perhaps
the most significant studies of this type are beiﬁg done by
the faculty and students of the Department of Wildlife Ecology
at the University of Wisconsin., A 60-sq mile study area near
Rochester, Alberta, is under intensive study by the group.
With regard to raptors, emphasis has been on red-tailed hawks
(Luttich, Rusch, Meslow and Keith, 1970; Luttich, Keith and
Stephanson, 1971), great horned owls (Rusch, Meslow, Doerr
and Keith, 1972), and broad-winged hawks (Rugch and Doerr,
1972). 1In several cases this research team has shown a
response of raptor populations to changing prey densities.
Their techniques yield data which indicate rates of exploita-
tion of prey by certain of the raptorial birds under study,
a virtually unprecedented research approach.

It is this type of study which must form the basis for

future research involving predator-prey relationships. Such



analyses for several grassland species could be developed
along the following line of reasoning. a) There is a
determinable number of individual adults of each raptorial
species per unit area at any given time (Olendorff, 1972b:
Olendorff, this report). ©b) These birds utilize food equal
to a certain percentage of their body weight per day (Brown
and Amadon, 1968). c¢)} The adults produce a certain number

of young each year (Olendorff, 1972b; Olendorff, this report).
d) A quantity of food (in grams) is required to produce a
kilogram of hawk through 45 days of age (Olendorff, 1971b).

e) This represents a quantity of food removed per unit area of
territory size. f) From qualitative dietary information
(Olendorff, this report; Marti, 1970) for grassland raptors,
the number of each prey species taken per unit area can be
calculated. g) Comparisons of these numbers with quantitative
prey population data available for the area will show the
effects of birds of prey on their prey species (or vice versa).
Particularly useful information for the final stage of the
analysis outlined above will come from IBP bird studies
(Gietzentanner, 1970; Strong and Ryder, 1971; Strong, 1971
Porter and Ryder, in press), small mammal studies (Flake,
1971; Donoho, 1971; Grant, 1972), and insect studies (Van

Horn, 1972).



THE POTENTIAL OF RAPTGR RESEARCH IN GRASSLANDS,
WITH PARTICULAR REFERENCE TO NORTHEASTERN COLORADO

The Pawnee National Grassland (PNG), administered by
the U.S. Forest service, and adjacent, privately-owned lands
provide nesting habitat and food for one of the densest
populations of raptorial birds in North Ameriea. Birds of
prey abound in the shortgrass prairie when it is broken by
scattered trees, .gallery forests along creek bottoms,
isolated erosional remnants and major cliff lines. Within any
given year, of North America's 30 species of falconiforms,

16 or 17 use this portion of northeastern Colorado; 6 or 7 of
this continent's 15 owls are part of the same avifauna (Table
1).

The occurrence of 24 species of raptors in a study area,
eleven of which breed there, provides an excellent opportunity
to study them as a group of predators, to study their intra-
and interspecific relationships, ecological and relative
nesting densities, differential utilization of grassland
habitats, annual and longer term cycles, predator-prey
relationships, migration patterns, and most aspects of their
behavior. The opportunity for a complete analysis of the role
of a group of birds in an ecosystem is available.

In addition to the above listed basic studies which either
have been or could be conducted on the PNG, there are many
problems of an applied nature which could be solved simul-
taneously. Nesting populations of golden eagles, prairie

falcons, American kestrels, Swainson's hawks, ferruginous
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TABLE 1. Species of birds of prey observed or expected on the Pawnee

National Grassland. (F, fall; W, winter; Sp, spring; Su, summer.)

Species

Turkey Vulture (Cathartes aura)

Osprey (Pandion haliaetus)

Bald Eagle (Haliaeetus leucocephalus)
*Marsh Hawk (Circus cyaneus)

Northern Goshawk (Accipiter gentilis)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperi)
*Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo Jjamaicensis)

*Rough-~legged Hawk (Buteo lagopus)
*Ferruginous Hawk (Buteo regalis)
*Golden Eagle (Aquila chrysaetos)
*American Kestrel (Falco sparverius)

Merlin (Falco columbarius)

*Prairie Falcon (Falco mexicanus)
Gyrfalcon (Falco rusticolus)
Peregrine Falcon (Falco peregrinus)
Barn Owl (Tyto alba)

Screech Owl (Otus asio)
*Great Horned Owl (Bubo virginianus)
*Burrowing Owl (Speotyto cunicularia)

Long-eared Owl (Asio otus)
Short-eared Owl (Asio flammeus)
Snowy Owl (Nyctea scandia)

* Major raptors on the Pawnee National Grassland.

Status
Rare FSp
Rare FSp

Uncommon W
Common FWSpSu
Uncommon FWSp
Uncommon FWSp
Uncommon FWSp
Abundant FSpSu
Common FSp,
Uncommon WSu
Abundant W
Common FWSpSu
Common FWSpSu
Common FSp,
Uncommon WSu
Uncommon W
Common FWSpSu
Very Rare W
Rare FWSp
Uncommon FWSpSu
Rare FWSpSu
Common FWSpSu
Common FSpSu,
Rare W
Uncommon FWSpSu
Rare ¥#WSpSu
Very Rare W
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hawks, red-tailed hawks, great horned owls and burrowing

owls (scientific names in Table 1) are sufficiently high to
allow experimentation with ways to circumvent heretofore
unchecked natural and unnatural conditions which lower nesting
success, and to test methods of introducing new, captive-bred
stock into wild populations. Experiments to increase
population levels signifieantly and to explore many combina-
tions of foster parentage (see below) are also feasible.

That such study should be done in Colorado follows from
the forward-looking approach of the Colorado State Division of
Wildlife to raptor management and conservation. The Division
actively supports study of birds of prey in Colorado, cooperates
fully with federally funded golden eagle research, and employs
a non-game biologist, Gerald Craig, to deal specifically with
birds of prey.

Another important source of logistical and informational
support is the U.S. Forest Service, Roosevelt National Forest,
which administers the PNG. Local Forest Service personnel
have decades of experience with the plant and animal life of
grasslands. The presence of the International Biological
Program (IBP), Graésland Biome Project, Pawnee Site, and
Colorado State University allows highly integrative and
more thorough analysis of data than would normally be the case.

The merit of northeastern Colorado as a study area also
stems, at least in part, from the rather stable land-use
practices of the relatively few current owners. The acquisition

of land by the federal government to create a national
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grassland was a definite stablizing factor but so, too, were
the attempts at farming made by the homesteaders of the late
1800's and early 1900's. These early settlers learned by
experience that the non-irrigable land of northeastern
Colorado was suitable for only two forms of agriculture,
namely cattle ranching and dry-land grain production. Barring
the development of spectacular irrigation projects and un-
natural decimation of the birds of prey of the region, their
habitat and nesting populations should remain relatively un-
changed. It is possible that raptor populations may tend

to improve locally during the next Several decades, although
8low changes are presenting problems. Nevertheless, the
regsistance to change which has developed in the ecology of

the area is an attribute which will give researchers time

to solve some of the basic problems of raptor biology and to
field test a number of applied raptor management and conserva-
tion techniques.,

It is also important to note that, as an area where dry-
land farming prevails and forest insect control is not necessary,
the historical use of persistent pesticides near the PNG has
been lower than in most other areas in the continental United
States. The PNG is part of a semi-arid ecosystem in which
persistent pesticides do not accumulate or move readily. Thus,
with the possible exception of prairie falcons and Swainson's
hawks, the adverse effects of pesticides are probably at a
minimum. This should be verified by further study, yet the

relative lack of pesticide applications is an important
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attribute of the area making it more appropriate for long-
term study than contaminated areas with raptor populations.

Another notable advantage of the study area is that
crude nesting densities for large raptors can be determined
Wwith accuracy which approaches very closely what might be
termed "absolute" nesting densities, because of the ease with
which nests can be located in grasslands, For example,
nearly 100 per cent of the Swainson's hawks, 88 per cent of
the great horned owls, 69 per cent of the ferruginous hawks,
and 26 per cent of the golden eagles can be located simply
by walking the narrow gallery forests along creek bottoms and
vigiting isolated trees (Olendorff, 19?éb Olendorff, this
report). Nearly all of the prairie falcons and over half of
the golden eagles can be found on cliffs which have well
defined geographical limits. Even isolated erosional remnants,
creek banks and man-made structures can be searched systematic-
ally by following the stream courses and visually sighting
the small outcroppiﬁgs, buildings and windmills on which
raptors might nest. Furthermore, visibility is complemented
by the accessibility provided by an extensive network of
section line roads and trails by which ranchers monitor their
cattle herds.

Thus, the lack of diversity of nesting habitats, the
sparseness of gallery forests, the precise limits on the
types and distribution of cliffs, and the visibility of
isolated trees, erosional remnants ang abandoned farmsteads,

allow accurate, systematic determinations of nesting
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population densities of large raptors in grasslands. One or
a number of these advantages are absent in most other eco-
systems. Visibility and accessibility are usually problems
in coniferous, deciduous or mixed forests, the diversity

of habitats not withstanding. Accessibility is a serious
problem in desert and tundra biomes.

Virtually no ecosystem in North America other than
grasslands allows study of a large enough land area to evaluate
adequately the use of that ecosystem by birds of prey.
Furthermore, grasslands have relatively simple, sparse avifaunas
which allow more complete ecological analyses than other more
diverse habitats (Wiens, 1969). Contributions of comprehensive
studies of grassland raptors to basic raptor population theory
would be great because of the potential depth and accuracy of
the collectable data.

There is also considerable background information
available from non-IBP sources and IBP sources not mentioned
above. Descriptions of the life histories of the birds of
prey, surveys of the raptor populations, evaluations of the
potential of the area for fruitful research, and research on
selected birds of prey of the region have been completed.

Study in 1971 and 1972 supported by the American Museum of
Natural History, the International Biological Program
(Grassland Biome), the Colorado State Division of Wildlife,
and Colorado State University has resulted in an adequate
understanding of the above listed basic information.

Furthermore, considerable raptor research was done in the
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area prior to 1971 (Bailey and Neidrach, 1933; Webster, 1944,
Enderson, 1964; Ryder, 1969 for a synthesis of several pre-
vious studies; Craig, 1970; Marti, 1970; Boeker and Ray, 1971).
Some studies, such as Boeker's aerial censusg of golden eagles
for the U.S. Bureau of Sport Fisheries and Wildlife, are

still in progress.

Research on the birds of prey of the PNG and ad jacent
areas has and will continue to produce significant results.
Such research could culminate in the creation of America's
first large-scale raptor management area, in addition to
being a model for the conservation of birds of prey in many
cther parts of the world. The land area and raptor populations
on the PNG are large enough to set up experimental and control
8tudy areas (see below); the private land owners are amenable
to biological research; and the research potential goes far
beyond the usual natural history studies. Many rare and
endangered raptors would benefit from the techniques developed
and the knowledge gained from studies of grassland raptors in
northeastern Colorado. All things considered, a "statement
of the problem” becomes a "description of the opportunity.”
Rarely does the research atmosphere (CSU and interagency
cooperation) match the potential for significant research
(ample raptor populations and study areas) to such a high

degree,
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OBJECTIVES

The general objectives of the study dealt with in this

paper include the following:

1)

2)

3)

4)

5)

6)

7)

to document the status and timing of the reproductive
cycles of the large birds of prey nesting in north-
eagtern Colorado,

to determine crude population densities and productiv-
ities of the large birds of prey nesting on a 414-gq
mile area of unbroken grassland,

to determine crude population densities and productiv~
ities of the large birds of prey nesting on a 1,000-3q
mile area ineluding four different grassland habitats
(creek bottoms, cliffs, planted agricultural land, and
unbroken grassland),

to calculate and discuss the biomasses of the birds of
prey in the two grassland study areas,

to provide a preliminary analysis of food habits of
the large birds of prey in northeastern Colorado,

to evaluate some of the factors, such as man's activ-
ities, which influence population densities and nesting
habits of birds of prey, and

to suggest further raptor research for which there is
significant potential in northeastern Colorado and

grasslands in general.



16
METHODS

Recent Raptor Research in Northeastern Colorado; Acknowledgements
The raptorial birds of northeastern Colorado have been
studied by several ornithologists and students during the last
10 years (see Ryder, 1969, 1972). Through the coordination of
the IBF Grassland Biome Project, and Dr., Ronald A. Ryder of
the Department of Fishery and Wildlife Biology, Colorado
State University, past studies have been reviewed and
evaluated, and limited opportunities for study were provided
in 1969 and 1970. Following the initiative of Gerald Craig
and myself, funding from the Frank M. Chapman Fund of the
American Museum of Natural History and the IBP (through Dr.
Ryder) made it possible to carry out more intensive study of
these top carnivores in 1971, Subsequent funding from the
Colorado Division of Wildlife and IBP provided the opportunity
for further study in 1972, This report ineludes analyses
of studies conducted between 1 May 1969 and 1 September 1972.
During the spring of 1969 I sought only enough nests in
the area to acquire eggs for my laboratory studies of the
growth of ferruginous, red-tailed, and Swainson's hawks
(Olendorff, 1971b). During the summer of 1970 Gerald Craig
and I, with some assistance from John W. Stoddart, Jr., of
Eaton, Colorado, located over 70 raptor nests in northeastern
Colorado and banded about 40 young birds in our spare time.

We collected a small amount of food habits data, growth data
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and behavioral observations, but the important input from that
Summer was the base it established for study in 1971.

Study in 1971 was quite intense. From 15 March through
10 October my full-time work involved all agpects of the
biology of the birds of prey of the PNG and ad jacent areas
as part of a post-doctoral fellowship from the American
Museum of Natural History. Emphasis was placed on Swainson's
and ferruginous hawks, although considerable data on the other
large nesting birds of prey were collected (Olendorff, 1972b).
Gerald Craig, then a Master's Degree candidate in wildlife
biology, was very helpful during the first half of the study
period. <Calvin Sandfort of Denver, Colorado, provided much
needed field assistance. The inspiration and encouragement
of Dr. Dean Amadon, Department of Ornithology, American Museum
of Natural History, and of Dr. Ronald A. Ryder, Department
of Fishery and Wildlife Biology, Colorado State University,
are gratefully acknowledged.

In 1972, with matching funds from the Colorado Division
of Wildlife and IBP, I was able to spend the period from 18
March through 1 September in the field while a Field Associate
of the Department of Ornithology, American Museum of Natural
History. Study in 1972 was essentially the same as in 1971,
except for the establishment of a large study area (1,000
sq miles) in which crude negting densities were determined
(see below). Norman A. French of the Natural Resources
Ecology Laboratory, Colorado State University, and Gerald

Craig, Robert Tully and Wayne Sandfort of the Colorado
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Division of Wildlife were instrumental in obtaining funds for
the second season of full-time effort, John W. Stoddart, Jr.,
as a salaried field assistant, provided countless hours of able
assistance and stimulating discussions while in the field in
1972, His input to the section of this report on suggestions
for further research is significant. Dr. Gustav A. Swanson

of the Department of Fishery and Wildlife Biology, Colorado
State University, was helpful throughout the course of the
present study. The permission to study on the PNG was granted
by the administrators of the U.S. Forest Service, Roosevelt
National Forest. Dale Wills, wildlife biologist for the
Roosevelt National Forest, was particularly helpful. Probably
the most important contribution to the project was by the
owners of the non-federal lands, who were very amenable to
biological research on their property and often provided useful

field information.

The Study Areas
Three different study areas will be mentioned in this

report. The largest, hereafter called the extensive study

area, consists of the northern 34 miles of Weld County,
Colorado, excluding the highly populated and farmed area west
of Purcell and south of Nunn (Fig. 1). The total land area

is approximately 2,000 sq miles (5,180 km2). All data from

the extensive study area cannot be analyzed in terms of raptors
per unit area because the eastern half was not systematically

and completely searched for nests. The data from both halves
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of the extensive study area are useful for analyzing overall
clutch sizes, brood sizes, fledging successes, nest site
preferences, etc.

The 1,000-sg mile study area comprises the western half
of the extensive study area, including the IBP Pawnee Site,
the Central Plains Experimental Range, the entire western por-
tion of the PNG, one large and several smaller creek bottoms,
and a major line of cliffs (Fig., 1}). This area, a composite
of unbroken grassland and grassland interrupted by gallery
forests along creek bottoms, cliff lines and tracts of culti-~
vated land, was designed 1) to include sufficient numbers of
nesting raptors to allow fruitful study and 2) to eliminate
biases introduced by studying small areas not repregentative
of all available nesting habitats. The data from the 1,000~
8q mile area could reasonably be used to estimate raptor
populations in much of eastern Colorado and Wyoming, and portions
of western Nebraska and Kansas.

The 414-s3q mile study area includes essentially unbroken

grassland, i.e. shortgrass prairie without major c¢liff lines,
creek bottoms and attendant gallery forests, and large tracts
of cultivated land. Geographically, this area corresponds to
the western portion of the PNG and is included within the
1,000-sq mile and extensive study areas (Fig 1). Analysesg of
population levels and productivities are made for this area,
since it is shortgrass prairie of the type emphasized in IBP
gtudies; it is similar in topography, flora and fauna to the

IBP Pawnee Site (Jameson and Bement, 1969).
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As the 414-sq mile Study area was searched for nests in
1971, each section was classified as being grazing land or
cultivated land, and all trees and other potential nest sites
were noted (Table 2). Only about 27 8q miles (6.5%) were
cultivated, and the largest continuous tract of cultivated
land was about 7 sq miles. Of the 414 sections only 79
contained trees suitable for nesting by large birds of prey.
Another 8 sections contained creek banks or small erosional
remnants which might attract ferruginous hawks to nest, for a
total of 87 sections (21.0%) with nest sites. Roughly 50
sections had occupied dwellings, i.e. about one for every 8 sq
miles. The remaining 250 sq miles (60.4%) of the study area
was grazing land without houses, trees or other suitable nest
sites. 1In all, 387 sq miles (93.5%) was grazing land. All
of the land, including the cultivated land, was suitable for
use by birds of prey either as hunting or nesting territory
with the possible exception of 50 gquarter-sections adjacent to
occupied dwellings. Thus, about 97% of the land was usable by
raptors without much interference from man. Similar analyses
of the 1,000-8q mile and extensive study areas have not been
undertaken.

The accuracy of the determinations of nesting densities
and productivities in areas as large as those involved in
the present study would be evident to most people.only after
personal contact with the study area and the techniques
involved., 1In general, it is reasonably certain that the

nests of over 95 per cent of all golden eagles, prairie falcons,
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Table 2. Land-use practices on the 414-sq mile (1,073 kmz)
study area.

Land-use Practices Sq Miles Percent
Cultivated 27 6.5
Grazing

With occupied houses 50 12,1
With raptor nest sites 87 21.0
#ithout houses or nest sites 250 60.4

TOTALS 414 - 100.0
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Swainson's hawks, ferruginous hawks and great horned owls were
found on the designated study areas. It is possible that all
pairs of golden eagles and prairie falcons were located on

the intensive study areas in the respective years. Perhaps,
gome of the nests of the other species (surely not more than

5 per cent) were missed for various reasonss 1) Swainson's
hawks were very numerous and, apparently, were the most

capable of renesting after nest failure; 2) ferruginéus hawks
occasionally nested on the ground making it difficult to locate
this small segment of the breeding population; and 3) great
horned owls began nesting before field study was initiated both
in 1971 and 1972.

In general, then, the present report deals with the major
raptorial species on the PNG as a group of predators which
nest in and exploit the prey base of a number of shortgrass
prairie habitats. All of the habitats are included in the
areal component of the crude breeding density calculations

(see below).

The Dangers of Raptor Nesting Studies

Eggs and nestling birds, since they are tangible and
stationary parts of the raptor breeding cycle, have been
studied from almost every viewpoint imaginable. Throughout
the history of ornithology they have been counted, collected,
weighed, measured, photographed and often jeopardized by
frequent observation. The determination of clutch gize, incu-

bation period, egg coloration, physical and chemieal
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characteristics, and egg collecting for the sake of collecting
have too often béen done at the expense of the birds. So, too,
has some research involving nestlings. Our current, extensive
knowledge of nesting birds is, regardless of such detrimental
effects, the result of this research.

There is a very poignant sentence which relates to the
negative side of this matter in the introductory pages of

Francis Heatherley's (1913) book The Peregrine Falcon at the

Eyrie: "This book is dedicated to all egg collectors in the
hope that someday they will realize that the shell is not

the most important part of a bird's egg." A similar sentence
could be composed lamenting the fact that countless birds'
eggs and young have been accidentally destroyed in the field
by contemporary biologists, falconers, bird protectionists

and the general public. It is not within the scope of this
paper to justify the motives of the four groups listed.
Nevertheless, there is often a total lack of both compassion
and understanding when a nest is discovered. Clutch size and
other egg-related parameters, for example, may be unnecessary
parts of an overall study, yet these data are usually collected
"just for the record.” When a bird watcher finds a nest, he
often climbs to it immediately for no valid reason. Unfor-
tunately, some amateur and professional "ornithologists® do
not keep in mind that the eggs or young they may place in jeo-
pardy by visiting nests are the means to an end, i.e. to the

production of fledglings and, subsequently, new breeding stock.
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Twentieth Century research involving birds' eggs and young
must not suffer from this disregard for the birds. This is
particularly true of those raptors showing population declines.
Refined field techniques must reflect a concern for the study
material -- a concern which is dependent upon common sense for
the most part., Similarly, current researchers must not ignore
the voluminous literature dealing with raptor eggs and young
(see Olendorff and Olendorff, 1968-1970). There is a lot to be
learned before the first step is taken into the field, not to
mention the first step up a tree or down a cliff to a nest.

In part, the information presented in this section may
seem superfluous to professional ornithologists and naturalistis.
Hopefully, some professionals will benefit from the introspection
stimulated by the ideas presented, inexperienced field biologists
will profit from the discussions, and a decrease in raptor nest
interference will result.

When a nest is visiteds 1) parent hawks may become so vexed
that they desert their eggs or young completely; 2) the chances
of egg breakage by the parent birds are increased, as are the
chances of cooling, overheating, loss of humidity and avian
predation (such as by crows and magpies) of eggs; 3) newly
hatched birds of prey may be chilled or overheated and even
die in the absence of brooding; 4) one or more feedings may
be missed; 5) the parents may not return before nightfall
if the nest is visited late in the day; 6) older nestlings may
fledge prematurely and break bones at the end of a futile first

flight or be forced to spend one or several nights on the ground
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where vulnerability to predation is very high; 7) mishandling
may damage feathers, bones and claws; 8) mammalian predators
may follow scent trails directly to the eggs or young; 9) the
attention of other humans may be attracted; and 10) on cliffs,
rocks might inadvertently be knocked onto eggs or young birds.
It is not unknown for the weight of a climber to break the
1imb on which the nest is situated. Fortunately, selection
acts very quickly against such incompetent "biologista."”

In the following paragraphs each of the above listed
problems is discussed. An assessment of the gseriousness
of each problem and suggestions for minimizing the adverse
effects of human disturbance are included.

Accidental Trampling. Parent birds may crush eggs,

trample newly hatched young or eject the young from the nest
in the excitement of being forced suddenly from a nest. The
fact that raptors sit very tightly on a nest during incubation
and the early days following hatching complicates the matter
considerably. Some birds will not leave a nest until a
climber is halfway up the tree or down a cliff (Brown, 1953;
Cade, 1960; and many others), particularly at the precise time
of hatching. A simple circumstance like the end of a stick
popping up after being stepped upon at the opposite end can
crack an egg or hurl a young bird out of a nest. The downbeat
of hurried wings is another source of trouble.

It is second nature for a person to want to sneak up on
an incubating or brooding bird to get a closer look or a

photograph, Flushing a bird from a nest by startling it
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invites disaster. It is much better to let your presence be
known long before you are ready to climb, This can be done

by whistling, talking or making an approach within sight of
the nest. The latter is best, since some raptors respond
poorly, if at all, to auditory signs of a human's approach.

If you approach thé nest tangentially rather than directly,
your approach is slowed and the parent can stand before flying
off unhurriedly. This is much better than flushing it quickly
when you are halfway up the tree. Visual warning is almost
unavoidable in grasslands, where our experience does not
include a single incident of eggs or young being seriously

damaged by adults leaving nests during nest visits.

Cooling, Overheating and Loss of Moisture from Eggs.
Overheating is a very serious problem with eggs. Direct
sunlight should be gtrictly avoided. Unattended eggs do not
receive the normal transfer of moisture from the brood patch
to the eggs and may become somewhat dehydrated in dry air and
the heat of the sun. One need not worry about cooling of
eggs except in extreme cases.

In the xeric conditions of many grasslands young birds
become overheated more easily than in deciduous forests or
other biomes. Many.nests of Swainson's hawks, ferruginous
hawks and golden eagles do not give shade to eggs in the absence
of an adult. Ferruginous hawk eggs seem very sensitive to
overheating, particularly at hatching (Olendorff, 1972b).
When a nest is not shaded, all visits should be restricted to

the cooler part of the day, before noon.
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Keep visits short, relatively unobtrusive and as timely
as possible with regard to weather, sun position and the time
of day. If an extended visit is planned, put the eggs into a
fur-lined glove or cover them with a cloth to slow down the
loss of heat and moisture. Most important of all, be justified
in making the nest visit in the first place and avoid, if
possible, visiting nests at the precise time of hatching.

Avian Predation. The chance encounter between an avian

predator and an undefended nest full of eggs is impossible to
interdict, particularly since your presence may have attracted
the predator. [Most avian predation of eggs probably occurs
after nest desertion from other causes.

Desertion. The failure of the parents to return to eggs
or young is probably the most serious, and is certainly the
most unpredictable, problem. The nest-building, egg-laying
and incubation phases are very critical periods during which
the slightest disturbance may cause nest abandonment. The
most critical time is likely just prior to laying when the
female spends many hours sitting on her empty nest (Nethersole-
Thompson and Nethersole-Thompson, 1933). There is much
variability depending upon the general tolerances of the
gpecies, the idiosyncrasies of individuals and the "level of
acceptability" of nest sites (Ratcliffe, 1962; Hickey, 1942;
and many others).

It has been widespread experience that ferruginous hawks
are very prone to nest desertion during the early stages of

nesting. In our studies we do not climb to active ferruginous
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hawk nests until hatching has occurred. In Colorado, Swainson's
hawks and prairie falcons rarely degert after a visit during

the incubation period. In Saskatchewan, however, Stuart Houston
(pers. comm,) maintains a hands-off policy with Swainson's

hawks like our policy for ferruginous hawks. We now do the
same, not being willing to risk even occasional nest desertion.
Ospreys seem tolbe the most tolerant of all raptors during the
éarly stages of nesting. They can be trapped, banded and

color marked at their nests, and will tolerate their eggs

being moved from nest to nest without deserting. 1In our
experience great horned owls are about as tolerant. What a

boon to ornithologists it would be if all species were as
cooperativel

Field experience pays great dividends in avoiding nest
desertion. Performance records of particular pairs of birds
over the years, the success at specific nest sites and the
tolerances of the species involved come into play. Unforiun-
ately, the experiences of the biologists I have talked to have
been as diverse as the birds under study.

Some trends are noteworthy, however. 1) All things
considered, desertion is less likely the longer incubation is
allowed to progress. If at all possible, visits should not
be made until all of the eggs have hatched. It is not
difficult, given a spotting scope and a little field time, to

determine from a distance whether or not hatching has occurred.

2) If a pair (or nest) has been consistently unsuccessful in

the past, chances are desertion will occur more readily. Stay
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away from such birds and nest sites. Enderson (196ﬁ) points
out that prairie falcons often nest in an eyrie the year after
a total failure. 3) Several short visits are better than one
lengthy visit. If a blind or other data acquisition equipment
must be installed at a nest, spread the work out, with short
vigsits every other day (or even less often if possible).

4) It is very uncommon for raptors to desert a nest after

the young have hatched. The intensity of nest defense by

most adult raptors increases as the nesting period progresses
(coincidental with a decrease in the possibility of desertion).
Qur routine nest checking for prey items, intensive banding
studies and growth research in the field involving nearly 400
nesting attempts by eight species of grassland raptors have
not caused a single desertion of nestlings to our knowledge.

Heat Prostration and Chill. As with eggs, young hawks

can withstand far more cooling than heating; except when
ambient temperature is below about 45° F, no attempts to warm
even newly hatched young are necessary during brief nest visits.
The young of early nesting great horned owls can withstand
even more cooling. In the Arctic, study would surely be
hampered by absolute rules concerning temperature and weather;
research methods must fit the area under study. The physiologi-
cal (and psychological) limits of the birds must weigh heavily
in all decisions, however,

Young birds have mechanisms, such as panting and crawling

to shade, to deal with normal high temperatures in nests.
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Intense, direct sunliight, however, can be fatal to young

raptors. M. W. Nelson (19653 recorded several instances of
neat-caused death of young golden eagles. Kochert (1972)

found that 32 per cent of the mortality of nestling golden eagles
along the Snake River in Idaho was probably caused by heat
prostration. The outward distress of young raptors exposed to
direect sunlight and the shading of young by adults during

the heat of the day are indicative of the danger involved.

Missed Feedings. The failure of a young hawk to get one
(or even several meals in a row) is not likely to Kill it
except, perhaps, shortly after hatching. This is another
reagson not to interfere with nestling birds within one or
two days of hatching. Unfortunately, hatching dates are im-
portant in establishing the overall timing of the breeding
cycle.,

Mishandling of Young Birds. If there is no reason to
handle a young bird, collect the required data (e.g. brood
size, prey items, etc.) and leave promptly. Time spent un-
necessarily handling, admiring or photographing birds at a
nest can often lead to unfortunate circumstances for the birds.
If nestlings must be picked up and examined, age, weight and
stage of plumage development must be noted because of the
possibility of damage to insufficiently ossified bones and to
inadequately developed feathers.

Whenever possible, birds should be picked up with both
hands. This is not always possible when one hand is holding

a rope or a tree limb. Several methods of handling birds are
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satisfactory assuming only one hand is free. 1) A very young
bird, for example a buteo in the Tirst two weeks, can be
eradled in one hand and held firmly with the thumb. 2) During
the nest two weeks buteos and other medium-gized raptors
should be held firmly by both “drumsticks.” Immediately
cradle the bird against your body to stablize it on top of
your hand. If the bird falls over in your hand, do not try
to right it by putting counter-pressure on the legs, as this
may sprain joints, pull tendons or break bones. Instead,

let the bird go completely upside down, lay it in the nest or
your lap on its back and begin again. 3) During the final
weeks of nest life it is best to pin a bird to the nest with
your free hand and slip the same hand slowly underneath in
gearch of the feet. This is possible, since a bird which is
firmly pinned to a nest will usually remain in that position
when the pressure is released, at least long enough to grasp
the legs. This technique also prevents premature fledging
and effectively immobilizes large birds such as eagles to
allow the legs to be secured by the other hand if it is free.
Doug Whitfield (pers. comm.) suggests that well developed
nestlings can sometimes be banded while they lie prone of
their own accord. Simply pull a leg out behind the bird and
attach the band. 4) A larger bird can also be picked up at
the bases of both wings, provided this is done properly.
Approach the bird from behind and slip the spread fingers of
one hand under the wings. The index finger should pass between

the proximal wing bones which are then gripped by the thumb
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and middle finger. Be sure the hand is underneath all of the
major flight feathers., A firm grip temporarily immobilizes

the bird in a position which has not, in our experience, led

to injuries. This is not a satisfactory method of handling

very young birds (with weak bones) or large birds {(with superior
strength), such as golden eagles. The latter must be handled

by the feet and legs, if only to prevent injury to the observer.

The drawbacks of handling birds one-handed by the wings
include the possibility of feather damage and the fact that the
feet are free to grip the nest. Severe damage to claws, with
detachment of the hgrny sheath, can result if a clinging bird
is pulled from the nest or a perch. Each claw should be
cleared individually, if necessary, before a bird is lifted.

Premature Fledging. This serious problem is encountered
late in the nestling period. As your head appears at the edge
of a nest, the birds will usually spread their wings, move
quickly to the opposite edge, and lean back in a typical,
defensive posture. If they leave the nest before their wings
are developed sufficiently to break the fall, death or fracture
of legs, feathers, wings and even the keel can result.

We have not had problems with premature fledging in our
studies of grassland birds of prey. This probably involves a
certain amount of luck and the fact that nests on the prairies
are low in general but it also stems in part from our field
techniques.

If a bird is about to jump, slowly move a hand toward its

feet. Leave your hand and arm flat on the nest rather than
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reaching at the bird as if to grab its body. Move your hand
in an are rather than gtraight at the bird. If the bird grabs
your hand, so much the better; at least there is reliable con-
tact between you and the bird. A makeshift "poultry hook® is
handy in some such gituations, but make it lightweight and
release it if the bird resists vigorously.

If three or four birds are all threatening to jump, you
can retrieve them one at a time by reaching in without ever
putting your head above the edge of the nest. Your hand is
much less obtrusive than your head, shoulders and both of your
arms. Make all movements very slowly and do not hesitate to
retreat for the sake of the birds.

If a bird does jump during a nest vigit, stop c¢limbing
and note where it comes down., Keep in mind that the longer
you leave the bird on the ground, the harder it will be to
find even in shortgrass prairie. The observer is obligated
to check it for injury and return it to the nest. Considerable
mortality occurs during the normal post-fledging period and
an unnatural hastening of this period of high vulnerability
to predation should be avoided.

When wing development is suffieient to allow a bird to
glide to the ground, the observer can safely be a little more
active at the nest. In general, if a nestling is fully feathered
except for down on its head and flanks, it can fly well enough
to avoid injury. The age at which this can be done varies and
in the same nest there are often birds which can get to the

ground safely and birds which cannot. Also, a bird may glide
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a long distance and then come to grief., The only completely
safe thing is not to force birds to fledge prematurely.

Mammalian Predation. Scent trails to bird nests pose a
very serious threat to eggs and young. If racoons or other
predators are common, special precautions gshould be made to
guard the nests under study. Frances Hamerstrom (1970)
describes the proper way to approach a nest, i.e. on a trail
fangent to and past the nest with a single in-and-out side
trail to the nest or nest tree. If the side trail is then
sprinkled with napthalene crystals (moth balls) to destroy
the human scent, the chances of predation at the nest are
greatly decreased. The use of napthalene crystals as protection
for nesting raptors has been more thoroughly discussed by Ray
(1968).

Miscellaneous Qonsiderations. There are several other

cautions and techniques which can reduce the adverse effects
of observer interference during raptor nesting studies. The
use of two observers, besides being safer when climbing is
involved, saves a significant amount of time. There are some
field assignments which just cannot be accomplished by one
person within a reasonable amount of time, if at all. The
gecond person becomes the greatest time saver if he is capable
of taking good field notes, using a notebook or prepared field
forme. To save additional time I use preprinted 5 by B8 inch
peripherally punched Unisort Cards (Trade name) of three
types: nest vigit cards, nest data cards and body measurement

cards. GBach card lists the parameters to be noted and provides
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adequate space to write the data. The savings of field time
directly benefits the young birds by shortening the visits.
The card sorting potential provided by the peripheral punches
on the cards saves even more time during the analyses.

If the itinerary is known in advance, field forms can
be partially filled out (with nest locations, species, date,
etc.) before going to a nest. Data such as parental behavior,
prey items, behavior of young birds, weather and time of day
can be recorded after leaving the nest, on the way to the next
nest. Do this well out of sight of the previously visited
nest, however, since many adult raptors keep intruders under
cloge surveillance and will not return to a nest until they
are out of sight, vehicle and all. Take only the minimum
amount of data at the actual nest site.

Banding on rare occasgions can be hazardous to young birds.
If banded too early, not only may the band slip off the leg,
but as happened to one of our Swainson's hawks, it may slip
only part way off and encircle the foot at the bases of the
toes. As the young bird tried to move about the nest, it broke
its leg above the band. During a subsequent visit the band was
removed but the bird was left in the nest. It fledged normally,
with only a slight "knot" where the break had healed. This
suggests that young birds have a certain resiliency following
injury and should be left in the nest if there is any chance of
survival,

Another isolated mishap which occurred involved barbed wire

slipping between the band and the tarsus of a ferruginous hawk.
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Short pieces of wire are sometimes used as nest material by
golden eagles and ferruginous hawks. A visit several days after
banding revealed about 7 inches of a three-foot plece of wire
(including one barb) forced through the band. Although the
bird's tarsus was slightly scratched, no bones were broken

and it fledged normally.

As a general rule, banding should be done when the birds
are about one-half to two-thirds of the way through the nestling
period. For the prairie buteos this would be at an age of 20
to 30 days. The tarsus reaches 90 per cent of its growth at
20 to 25 days of age in Swainson's, red-tailed and ferruginous
hawks (Olendorff, 1971b). At this time the young birds still
are not very mobile in the nest and it is unlikely that they
will fledge prematurely. This saves time at the nests in two
ways: The ease of handling and the small chance of having
to retrieve the birds. For example, banding prairie falcons .
late in the nesting season on our study area is quite difficult
because then the young birds can move to the back of the small
holes in which they nest, out of reach of the climber, or
they fledge prematurely requiring a gsecond rappell to place

them back in the eyrie.

The Nesting Parameters

Many inconsistencies exist in the literature concerning
raptorial birds with regard to reporting nesting population
information. The major sources of differences between

apparently similar nesting parameters as used by two independent
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researchers include the following: 1) variations.in the designs
and goals of field studies, 2) differences in field techniques,

3) different temporal relationships between time spent in the
field and the phenology of nesting by the birds, and ) dissimilar
analytical procedures. The nesting parameters used in the

present study are defined and discussed below.

Breeding Density -- the number of potential breeding pairs

per unit area. In the present paper the floating adult popu-
lation and summering immatures were not included in the calcu-
lations of breeding densities. Paired, non-nesting adults which
showed territorial affinity for a specific area were included,
as were non-nesting single adult birds repeatedly observed in a
known (but otherwise unoccupied) territory. In studies where
unpaired birds represent a significant portion of the potential
(but unrealized) breeding population, the breeding density
definition should be gqualified.
When defining breeding density it must be clear whether the

densities are crude (pairs per unit of total space) or ecological
"(pairs per unit of suitable habitat space) (Odum, 1971). His-
torically, raptor research has focused on the high density areas
within a given ecosystem. The examples are endless. Studies

in the tundra biome are typically biased in favor of birds
nesting along major water courses (Cade, 1960; Cade and Fyfe,
1970; Enderson, Roseneau and Swariz, 1968; and others).

Raptor studies in prairies are often biased in favor of birds
nesting on cliffs or along creek bottoms because the habitat is

more or less clearly defined (Enderson, 1964; Fyfe, Campbell,
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Hayson and Hodson, 1969). Golden eagle studies in the western
United States have emphasized foothill and mountain populations
(Boeker and Ray, 1971) or river populations (Kochert, 1972).

All of these studies deal with populations of one or two
species of raptors in their dominant nesting habitat. Densities
(if given) are ecological breeding densities which relate in
varying degrees (and often not at all) to total population
numbers now in high demand by ecosystem analysts and wildlife
managers. This is not a eriticism of the above mentioned
studiess they are used as examples to make a point and somewhat
*out of context,” since crude breeding densities were not always
within the stated objectives. It is merely suggested here that
an effort be made in the future to eliminate, where practical,
biases which result from studying birds only in their dominant
nesting habitats. There should be an attempt to determine
crude nesting densities over large land areas using.the funda=-
mental research approach of finding virtually every raptor
nest in a study area composed of all available nesting
habitats.

Crude breeding density and the number of young produced
per unit area (see below) are important parameters for extrapola-
tion of population information to larger areas than those
actually under study. The overriding assumption is that the
species compositions, relative abundances and repfoductive
performances, and the habitat compositions, are comparable in
the area under study and the area to whieh the figures are to

be extrapolated. Even if the intensive study area consists of
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a composite of all habitats regionally available to all species,
extrapolations must be made with caution. Meaningless results
are obtained if ecological breeding densities are used for
extrapolations, unless the percentage of suitable nesting habi-
tat is known both on the area under study and on the larger
area over which the population figures are projected.

Clutch Size~-the number of eggs laid by pairs which lay

at least one egg. In the present paper, clutch size is usually

given as an average of a large number of clutches. Attempted
nestings during which no eggs were laid or during which only
eggshell fragments were found by the field workers were not
included in calculations of average c¢luteh size. Since clutch
size was often determined by counting small nestlings and un-~
hatched eggs, a slight bias which would minimize clutch size
was probably introduced. Some unhatched eggs may have been
broken by the nestlings. As a rule, nests were not visited
until shortly after hatching to avoid the high incidence of
parental desertion which often occurs at nests visited during
the incubation period.

Maximum Brood Size--the number of young hatched in a

single nest. Again, averages are used more often than compila-
ions of maximum brood sizes in individual nests., None
nesting pairs were not included in the relevant calculations.
Instances where eggs were laid but not hatched were included
(as zeros) in calculations of average maximum brood sizes.

The latter includes a large number of nests at which only

eggshell fragments were found. Maximum brood size divided by
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clutch size represents the probability of an egg hatehing.
Like clutch size, maximum brood size was determined as soon after
hatehing as possible.

Fledging Success--the number of young (more often an aver-
age) fledged from a nest in which eggs were laid. Non-nesting
pairs (those which did not at least produce eggs) were not in-
cluded (as zeros) in calculations of fledging successes. In
some cases, nestlings only three-quarters feathered were count-~
ed as fledged without subzequent followup., As a rule, however,
fledgling counts were made as late in the nestling period as
possible for each species separately. Prairie falcon and
ferruginous hawk nests were watched particularly.closely as
fledging approached. Fledging success divided by maximum
brood size represents the probability of fledging if hatched.
Fledging success divided by clutch size represenis the probabile
ity of fledging at the time of egg laying.

Nest Success--the per cent of the total number of nests
under study from which young actually fledged. This nesting
parameter combines (in a rather nebulous way) the reproductive
performances of the birds and the adequacy of the nest sites
used. Unless considerable time is spent in the field during
the egg laying and incubation phases, the time when most nest
failures occur, it is likely that a figure for nest success
will be so biased on the high side that it will be useless
for interpretive discussion -- and very misleading if report-

ed!
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Produetivity of Young in Successful Nests--the number of

young (usually an average) fledged per nest, inéluding only
those nests from which at least one young fledged. Most rap-
tor researchers must utilize this parameter, because their
field activities begin so late in the nesting season that
early nest failures cannot be detected. In many cases, even
failures occurring during the early post-hatching bhase es=-
cape notice. This parameter is much used by banders who
often visit nests only once late in the season.

The interpretive value of the number of young produced
per successful nest, in spite of its wide use, is questionable.
No distinction is ﬁade, for example, between 2.5 young fledged
per nest when 10 per cent of the population fails completely,
and the same number of young fledged per successful nest when
60 per cent of the total population fails, It is important
to have other data input to support or otherwise qualify con-
clusions drawn using this garameter. |

Productivity of Young per Known Pair--the average number

of young fledged per potential adult pair. This parameter is
one of the best indices of the reproductive performance of

bird populations. One does not need to know of all nests in an
area to calculate this parameter; all pairs and singles are
potential data, provided fledging successes are determined

for all pairs (and singles) included. An error of varying
magnitude is introduced, however, if all the known pairs used
in the calculations nest in the dominant nesting habitat for

the species, since many species tend to be more successful in
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such situations, As with the other nesting parameters, it is
best to include data for all birds in a large area containing
all habitats suitable for nesting.

Productivity of Young per Unit Area--the average number

of young fledged per unit area. This parameter is a crude
density figure for young birds at the time of fledging.
Nestlings which did not fledge, regardless of the reason, were
not included in the relevant calculations. For the present
report the areal units employed were 100 sq miles and 100 sq
kilometers simply to place the decimal point logically. Con-
version to sq miles and sq kilometers are straight forward.
To convert to young per acre divide the number of young per
100 =q miles by 6.4. To convert to young produced per hectare
(ha) divide the number of young per 100 sqg kilometers by 10,000
(i.es 107).

Biomass of Adults (and Young)--the weight of adults present
(or young produced) per unit area. Biomasses, both that
represented by the adults and that produced by the adults
during the breeding season, are commonly used by ecosystem
analysts for comparisons of populations and productivities.
Biomass is a common denominator which gets around definitions
of *individuals,* “populations," "breeding pairs,"” etc.
Because of the continuity provided, calculations of biomasses
should be encouraged wherever possible, although the fact
that populations are composed of individuals must not be buried
completely during the analyses. In the present paper the units

employed are g/km? (i.e. g/100 ha) wet weight.
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GENERAL CONSIDERATIONS

The birds of prey which occur on the PNG and the relative
atatus of each are listed in Table 1. Those which figure strongly
in summer nesting populations include the Swainson®'s hawk,
ferruginous hawk, great horned owl, golden eagle and prairie
falcon. The American kestrel and the burrowing owl are common
nesting species, but their small size and less obvious nest
sites do not allow fruitful study on large land areas. The
marsh hawk and the red-tailed hawk also occur regularly,
particularly during the migration periods. Red-tailed hawks
(for certain) and marsh hawks (probably) nest on the study
area in low numbers. The rough-legged buzzard replaces the
Swainson's hawk as the most common buteo in the winter. The
latter species migrates to South America for the winter,
primarily to the pampas of Argentina. |

The other species listed in Table 1 occur as fall and
spring migrants or as winter residents in small numbers. The
status and timing of the 1life cycles of the major nesting
species as they relate to northeastern Colorado will be dis-
cussed more fully below, beginning with the more important

grassland buteos.

Swainson's Hawk

This is the smallest buteo which occurs on the PNG,
and it is the most common of the large birds of prey during
the breeding season and fall migration period. Craighead

and Craighead (1956) list weights of males as 908 g (average
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of § individuals) and females as 1,069 g (7 individuals).
Twenty young Swainson's hawks fledged on our study area in
1971 averaged 796 g per bird.

The species' breeding range (Fig. 2) includes most of
the arid regions of North America west of the Mississippil
River from northwest liexico and Baja California, to the
Seward Peninsula in Alaska excluding the Pacific Coast north
of Los Angeles, California (Brown and Amadon, 1968). The
wintering range of the Swainson's Hawk is quite distant from
the breeding range (Fig. 2). A few winter in “lorida, but
most migrate to Argentina. The Swainson's Hawk is by far
the most migratory of the large birds of prey of the PNG.

The food habits of this species make such a lengthy
migration desirable, if not necessary. Swainson's Hawks are
considerably more insectivorous than the other large birds
of prey on the Pawnee. Although their nestlings are fed
mostly fledgling birds and small mammals, a large portion
of the species' food for the remainder of the year is insects,
primarily grasshoppers. The northern pocket gopher

(Thomomys talpoides), thirteen-lined grdund squirrel

(Spermophilus tridecemlineatus), and cottontail rabbit

(Sylvilagus sp.) are important mammalian prey. During the

breeding season, fledgling lark buntings (Calamospiza

melanocorys), horned larks (Eremophila alpestris), and

western meadowlarks (Sturnella neglecta) are important

avian prey. Food habits of Swainson‘®s hawks are considered

in more detail elsewhere i this report.
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Swainson's hawks arrive on the breeding grounds in
northeastern Colorado from mid-April through early May and,
apparently, move straight to their nesting territories. Very
few Swainson's hawks were ever observed away from breeding
territories in early spring. The first observation of this
species in 1971 was on 13 April (Ronald A. Ryder, pers. comm.).
On that date a pair was seen sitting in a lone tree with a
nest from which young were fledged successfully every year
from 1970 through 1972. The same pair was on territory by
11 April 1972. Nearly all Swainson's hawk territories were
filled by 5 May each year., Courtship flights were observed
on 24 April 1971 and 3 May 1972, but neither resulted in
copulation.

Copulation of Swainson®s hawks was observed on 15 May,
26 May and 11 June 1971, and on 6 May and 9 May 1972. On
three occasions the actual mating occurred on fence posts;
twice it took place in trees. The observation of 11 June
1971 involved a very late arriving pair or (more likely) a
renesting attempt, because most birds were on eggs by that
time. Some already had young.

Although the Swainson's hawk is a common breeding species
on the prairies of the western United States, its courtship
display has rarely, if ever, been described. Swainson's
hawks are relatively tame and confiding hawks, and are not
strong, aggressive fliers like some buteos. Nevertheless,

their courtship display is vigorous and acrobatic.
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On 24 April 1971 I observed a courtship flight of this
speciea. Both birds of a pair soared separately for several
minutes within a half mile of a tree containing a nest.,

The paths of the birds roughly described quarter-mile circles at
increasing altitudes to about 300 feet. The birds did not

beat their wings for minutes at a time. Then one soared

to a position directly over the nest at that altitude, set

its wings in a slightly bent attitude and glided in a direect
path away from the nest., It lost about 200 feet of altitude

in about three-quarters of a mile and again began.a leisurely
ringing soar as described above,

Once when one of the birds, presumably the male, was
over the nest, it began a rapid, flapping flight, followed
by closure of its wings and a 20- to 30=foot dive. After
the dive the bird continued the vigorous, flapping flight in
a circular path (perhaps 25 feet in diameter), climbed sharply
a few feet, stalled and dove again. This occurred twice in
rapid succession and led to a 15-foot nearly vertical climb
to another stall. During this climb even the axis of the
bird's body was nearly vertical. The elimb was launched
from horizontal flight in a tight cirele, not as the follow-
through of a dive.

This rather acrobatic maneuver and stall was followed
by a long dive which described a parabolic path, at the
bottom of which the bird lit very gently on the edge of the
nest. Between the beginning of the rapid, flapping flight

and arrival at the nest, 55 seconds elapsed, W#ithin
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another 20 seconds the female lit about 5 feet from the

nest. The display did not lead to copulation. To the
contrary, no posturing, vocalization or other courtship
behavior followed. The male flew off shortly., The female
hopped to the nest before she, too, flew off. They began
gsoaring again and escorted a third buteo across their territory
and out of sight without direect conflict with it; A similar
flight (which did not end at the nest) was observed on 3 May
1972,

By extrapolating back from fledging or hatching using a
fledging period of 38 days (as determined during this study)
and an incubation period of 35 days, it was calculated that the
earliest eggs were deposited about 3 May in 1971 and 6 May in
1972 (Fig. 3). Egg laying continued throughout the month of
May, with 72 per cent (26 of 36) of the clutches for which
adequate data are available being laid during the last three
weeks of May (1971 and 1972 data combined). In 1972 all egg
laying by Swainson's hawks was bracketed by the same dates
shown for 1971, although there were several clutches laid
between 4 June and 9 June. These “late” clutches were
probably renestings. Those clutches laid in the last week
of May could be renestings or may be a late arriving group
of birds. More data are needed to evaluate the significance
of the weeklong gap in laying between 20 May and 26 May
each year,

The eggs of Swainson's Hawks are variously colored,

ranging from almost immaculate off-white to extensively
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splotched with dark brown or chestnut. A single clutch may
contain very differently colored eggs. The base color is

often a pale cream with a tinge of blue-gray. The size of

50 eggs (measured in 1969 and 1970) ranged from 41.5 to 47.4 mm
in diameter and 53.7 to 60.8 mm in length. The average

size was 44.9 x 57.6 mm. The weights of seven eggs at various
stages of incubation averaged 54.9 g. Clutch size ranged

from one to four eggs, usually two or three (Table 3).

Hatching occurred primarily between 14 June and 3 July in
1971 and 1972. To calculate hatching dates, add 35 days to
the laying dates. The earliest hatching was about 7 June in
1971 and 10 June in 1972. One "late" clutch known to be a
renesting hatched on 18 July 1971. If these birds had been
raised, they would not have fledged until 25 August. They
did not survive. Most Swaingon's hawks fledged between 22
July and 1 August in 1971, To calculate fledging dates add
73 days to laying dates or 38 days to hatching dates. The
earliest brood fledged about 12 July and the latest about
10 August 1971. In 1972 many birds fledged later in August
(some as late as 21 August) due, apparently, to a high success
of "late"” nests, i.e. those nests in whibh eggs were not laid
until after 1 June (Fig. 3).

A complete breakdown of the number of young Swainson's
hawks hatched per nest showed that broods of 2 or 3 were most
common (Table 4), The overall average (including nests in
which no eggs hatched) was 1.74 young hatched per nest.

Disregarding those nests in which no birds hatched, in the
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Table 3. Clutch sizes of large birds of prey on the Pawnee
National Grassland (1970, 1971 and 1972 combined).2/

Species No. of Eggs Average
1 2 3 4 5 6
Swainson's Hawk 13 39 43 2 0 0 2.34
Ferruginous Hawk 1 10 18 12 3 0 J.14
Great Horned Owl 2 10 7 0 0 0 2.26
Golden Eagle 13 25 0 0 0 0 1.66
Prairie Falcon?/ 0 0 3 9 11 1 b, 42

2/ Clutch size equals the maximum number of eggs observed in a
nest, fertile and infertile,

2/ Data from 1971 and 1972 only.



53

*ATuo ZLET pue TL6T WoxF EBIER(Q /a

*papnToul oa®
punoj sasm sTTaYsZFe udioaq ATUO YDTUM UT S3 838U 380YJ °*30U I0 paTeag oJaM TTe
JI8yj3eym ‘186U ® UL PIAISSqO Sunok Jo J8qUMU UMWTIXEW 82U} STenbd o2TS pooaq UMWTXERY Vi

L6 €6 ¢ 4 #1 € € 0 0 \mcooﬂmm aTateaq
£S° T A G 0 0 0 LT ST o1 3TFey UIPTOD
Ul et T 0 0 g ¢ rA g \mazo pauIoy jEIIH
792 602 T L LT 01 4 1T Imey snouldnaasy
A S AN 0 T 6z 2 0T €2 YMeH S,UOSUTEMS
payo3 e SF3Y oy S i £ Z T 0
aaayy. 8189y adelsAy
FuTpnIoxXy TTeI2A0 saToede
adBI8AY Funox Jo *oN

\W.hvaHQEoo 2L6T pue TL6T *0L6T) puelSSEBIH

Teuotyey odoumBd 8yj uo” Aead Jo spaiq 95JaBY JO S9ZTS POOJq WNUWTXE! ‘4 oTqRJ



54

remaining 71 nests an average of 2.32 young per nest were
hatched. This corresponds very closely to the clutech size
(2.34) of Swainson's hawks (Table 2). 1In otherwords, the
major mortality of Swainson®s hawk eggs is not failure to
hatch. Rather, outside factors (presumably) which cause
total nest failure are at fault., This follows from the 25§
per cent decrease in the average maximum brood size if total
failures are included (i.e., (2,32 = 1.74) 2 2.32 x 100 =
25.0 per cent). As will be shown below, failure to hatch is
a s8ignificant mortality factor of ferruginous hawk eggs.

The timing of the major events of the breeding cycle for
the population of Swainson®s hawks as a whole relative to
several other species is shown in Figure 4, The period from
egg laying through fledging lasted about 73 days in a single
nest and 99 days (1971) to 110 days (1972) for the entire
population.

As with all birds of prey, the post-fledging period is
a learning period for Swainson's Hawks. Apparently, the
young spend 3 to 4 weeks in the general vicinity of the nest,
sitting in the trees and seeking small rodents and insects,
primarily the latter, as food. The adults and young birds
then begin to form flocks of 10 to 30 at first and then
flocks of hundreds, occasionally thousands, They stop where
food is abundant and remain until the weather turns bad before
their spectacular migration commences. Such flocks congregate
southeast of Briggsdale, Colorado, almost yearly. The peak

occurred from 24-28 September in 1971; over 200 of these hawks
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were observed on 28 September in about a 10-3q mile area.

All had departed by 4 October. Swainson's Hawks are totally
absent from northeastern Colorade from early October through
mid-April. Two Swailnson's hawks banded on the Pawnee, one

in 1970 and another in 1971, were recovered in Argentina during
the following winter. Another banded in 1971 was recovered

27 August 1972 near Felt, Oklahoma,

Ferruginous Hawk

The ferruginous hawk is one of the least studied birds of
prey in ilorth America. Until recently (Weston, 1969; Powers,
research now in progress; Olendorff, this report), little
substantive information was available on this interesting and,
in many ways, peculiar species.

Among the more important aspects of the biology of the
ferruginous hawk are the followings 1) it has a smaller
overall breeding range than any other butec which breeds in
North America. This includes the semi-arid regions of the
western United States and the extreme socuthern portion of
the Canadian prairie provinces, a combined area of about one-
fifth the size of the entire United States (Fig. 5). Most
ferruginous hawks apparently undergo only short winter
movements to the southwest into kaja California, south to
the northern states of Mexico and southeast as far as
Louisiana. No other North American buteo is as sedentary.

2) Throughout their breeding range, ferruginous hawks

occur sympatrically with two congeneric species, namely
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red-talled hawks and Swainson's hawks. The red-tailed hawk
1s generally considered to be a forest dweller, whille the
Swalnson's hawk 1s a major species in arid grassland. The
apparently harmonious cohabitation of the three specles
occurs with some loss of the general habitat ldentity just
mentioned and presents excellent opportunity for the study of
Intrageneric relationships.,

3) As might be expected where sympatrlc specles are in-
volved, ferruginous hawks utilize their breeding range in
subtlely different ways than the other buteos. For example,
ferruginous hawks have a less diverse diet resulting, at
least in part, from a loss of agllity due to thelr size. On
the other hand, ferruginous hawks are more versatile nesters
than the other buteos in that they use a wvariety of nesting
situations (see Table 17). This allows them to nest in vir-
tually unbtroken grassland, a habitat unavailable to the other
buteos for nesting. 1In splte of this, ferruginous hawks occur
oniy in relatively low numbers in the absence of some discon-
tinulty of habitat such as a tree, creek bank, cliff or iso-
lated outeropping. There isg far more habitat for ferruginous
hawks to nest than is being used due to the limited desirabil-
ity of certain situations.

4) Ferruginous hawks possess several traits which provide
variety and challenge in the field. There are different color
phases, lincluding a black phase which ocecurs in about 3 per
cent of the adults 1in northeastern Colorado. Ferruginous

hawks abandon their nests readily if molested by man during



the egg period, yet over the decades slnce the 1920's man
has had a posltive effect on the species by providing trees
as nest sites at now abandoned farmsteads (see Tables 18 and
19). Ferruginous hawks are almost totally eliminated as a
nesting specles where cultivation is allowed, however.

5} The extent to which ferruginous hawks utilize man-
created nest sites indicates a high potential for planned
management, a new concept with regard to raptorial birds
born (or at least revitalized) in the wake of global declines
in numbers of many of our avian rredators (see below). Fer-
ruginous hawks need management.,

Imler (1937) lists the weights of adult male ferruginous
hawks as 1,237 g (two individuals) and of adult females as
1,983 g {three individuals). The average fledging weight of
17 ferruginous hawks studied on the PNG in 1971 was 1,296 g.

The ferruginous hawk is a year-1long resident of the
rawnee, but at much lower population levels than Swainsonts
hawks in the summer (see Tables 10 and 13) or rough-legged
buzzards in the winter. ¢n a\drive across the Fawnee one
can expect to see 2 to 5 ferruginous hawks per 100 miles al-
most any time of the year, but rarely more than that unless
nest sites are visited. For contrast, Mathisen and Mathisen
(1968) reported seelng only 9 Ferruginous hawks in 53,347
miles of driving (1 per 5,927 miles) in all seasons in the
Nebraska FPanhandle from 1957«59. This is a strikingly low

number,
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The food of the ferruginous hawk includes most small mam-
mals up to the size of jackrabbits and many small birds, the
latter at least as fledglings. Of particular importance on
the FPNG are the thirteen-lined ground squirrel, northern
pocket gopher, cottontall rabbits, jackrabbits (Lepus cali-
fornicus and L. townsendl), and the same specles of birds as
mentioned above for the Swainson's hawk. Unfortunately, the
food habits of the ferruginous hawk are little known outside
the breeding season. Food hablits of nestling ferruginous
hawks will be considered in more detall elsewhere in this
report.

It 1s difficult to determine the date when ferruglinous
hawks move to their nesting territories, since they are resi-
dent birds. Our first day in the field in 1571 was 17 March.
On that day a ferruginous hawk was observed near a nest used
in 1970. Another pair was observed sltting in a 1970 nest
tree on 21 March 1971, and this and other palrs were seen at
nests frem that time on. The same dates hold for early ob-
servations in 1972, when 18 March was the first day in the
fleld. Pending further study, the earliest nesting activity
on the Pawnee will be stated as 10 March with most territories
filled by 1 April. Weston (1969) observed nesting activity
of ferruginous hawks in the Cedar Valley of Utah as early as
25 February 1968 and 6 March 1967.

Ferruginous hawks, unlike Swainson's hawks, apparently
8pend considerable time choosing their actual nest site and

may repair two or three nests before laying eggs in one of
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them. This depends, of course, on the availability of nest
sltes and, in the absence of numerous potential nest sites,
may be a limiting factor of ferruginous hawk populations. 1In
several instances palrs of ferruginous hawks were seen repalring
nests 1 to 5 miles from where they apparently nested. In one
case the subsequently unused territory was defended by the femsle
from the incursions of migrating red-talled hawks.

No courtship flights of ferruginous hawks were observed in
1971 and 1972, nor have such flights been described in the
literature to my knowledge. Although more thorough behavioral
studles are needed, our observations suggest that nest site
selection and nest building may be more Important to ferruginous
hawks than courtship flights. Ferruginous hawks build large,
sturdy nests during a complex and lengthy nest building period.
The opposite is true of Swainson's hawks which, apparently,
have evolved spectacular courtship flights, but build small,
loose~-knit nests very rapldly. These observations are con-
sistent with the considerable differences in the nesting
phenologies of the two species. The ferruginous hawk, a
relatively sedentary speciles, has more time available for
breeding than does the Swailnson's hawk, a highly migratory
species. Thils 1s supported by the fact that Swalnson's hawks
refurn directly to nesting territories at the end of their
spring migration.

Copulation by ferruginous hawks wag observed on 10 March

1971. The female flew out of a nest which was used by Swainson's

hawks 1n 1969 (and later in 1971) and 1it on a fence post. The
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male flew in from a nearby fence post and returned to another
fence post after copulation took place. This was 3 miles from
the nearest successful nesting of ferruginous hawks that year,
but only about 500 yards from a successful great horned owl nest.

The timing of the major events of the btreeding season of
ferruginous hawks is shown in #Figure 4, Egg-laying began in
mid-April 1971, 1£ April being the earliest laying date as
determined by using an incubation period of 35 days and ex-
trapolating back from hatehing (Fig. 6}. The Pawnee birds began
laying at the time the Utah birds studied by Weston in 1967
and 1968 stopped laying. Egg-laying continued for 12 days and
ceased in 1971. This resulted in a compression of egg-laying
(and hatching and fledging) of ferruginous hawks, relative to
the same periods of Swainson's hawks. In other words, the
reproductive sequence of the ferruzinous hawk, a resident species,
was more precisely timed than that of the Swainson's hawk, a
migratory species.

In 1972 the breeding season of ferruginous hawks was less
precisely timed (Fig. 6). At least, there were several late
nests in which eggs were not laid until late April (even as
late as 8 May). Most ferruginous hawks laid eggs between 6
April and 17 April in 1972, about 18 days earlier than in 1971.
The late clutches were probably re-nestings. This is supported,
at least circumstantially, by a high rate of nest failure in
1972 (35.4 per cent compared with 15,4 per cent nest failure
in 1971). Apparently, if ferruginous hawks (as a population)

are generally less successful early in a given year, they have
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the capacity to renest, thereby masking (as in 1972) the usual
synchrony of breeding (as in 1971).

Ferruginous Héwk eggs are beautifully colored with splotches of
several different browns on a cream base color. Considerable
variation may occur in a single clutch, making a full set of
eggs extremely atiractive. Twenty eggs (measured in 1969 and
1970) were from 45.3 to 50.5 mm in diameter and from 58.5 to
64.9 mm in length. The average size was 48.2 x 61.7 mm. The
weights of three eggs at various stages of incubation averaged
73.4 g. The latter compares with an average of 66,1 g for five
eggs in late stages of incubation under artificial conditions
(Olendorff, 1971b). Clutch size varied from one to five eges
with clutches of 3 most common (Table 3).

Ferruginous hawks typically used three types of nest on
the Pawnee: 1) on the ground either on a creek bank, at the
crest of a hill, or on an erosional remnant, 2) low in a short
tree, usually a stunted, introduced variety, and 3) high in a
tall cottonwood tree along a creek hottom. The latter situation
was often encountered if the nest was anywhere near vlowed
land. Large stick nests were constructed of all available
materials, including plastic bags, cardboard and other litter.
The lining was almost invariably dried cow dung, particularly
during incubation. Ground nests at the crests of hills typically
had a low profile.

Hatching began about 21 May 1971 and continued through
11 June. Add 35 days to laying dates to calculate hatching

dates. The young birds fledged between 6 July and 17 July in

1971 after an average of 46 days (range 42 to 48 days) in the
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nest, 1In 1972 ferruginous hawks began fledging about 26 June
and continued to do so through about 28 July. The mid-points
(not necessarily peaks) of egg-laying, hatching, and fledging

in 1971 were 21 April, 27 May, and 11 July, respectively.
Similar dates for 1972 were 13 April, 19 May and 3 July,

respectively, disregarding the late nests. For a single pair

of ferruginous hawks, egg-laying through the fledging of their
young lasted about 81 days. Egg-laying through fledging lasted
92 days (1971) and 113 days (1972) for the entire population,

An analysis of clutch size (3.14 from Table 3) and brood
slze in nests where at least one egg hatches (2.64 from Table
L) revealed a discrepancy of 15.9 per cent. A similar com-
parison for Swainson's hawks revealed virtually no difference.
The difference for ferruginous hawks indicates either a level
of infertility or a failure of incubetion (or both) in the
breeding cycle of ferruginous hawks. There is some evidence
suggesting both of these circumstances, although a failure of
incubation is apparently the major cause of the difference
between the two parameters in question.

Young ferruginous hawks apparently move away from the
actual nest site sooner after fledging than do Swalnson's Hawks.
Study of the post-fledging period must be more intense before
this can be stated with certainty, however. One ferruginous
hawk banded on the Pawnee during the summer of 1970 was re-

covered in northern Mexico the following winter.
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Red-talled Hawk

The red-tailed hawk is intermediate in size between the
Swainson's and ferruginous hawks. Craighead and Cralghead
(1956) 1list the average weight of 108 males as 1028 g and of
100 females as 1224 g. Esten {(1931), Norris and Johnston
(1958) and Stewart and Skinner (1967) presented weights for
immature red-talled hawks. The average of 5 males was 915
g and that of 9 females was 1166 g.

The red-talled hawk has the largest overall breeding
range of the three buteos which breed on the PNG (Fig. 7).
There are many recognized races of red-tails. Thelr composite
range 1includes southcentral and southeastern Alaska, most of
Canada, the continental United States, Baja California,
northern and central Mexico, a few of the West Indies and an

lsolated population in Central America. The race of red-tail

whiech nests on the PNG, Buteo jamaicensis calurus, has a

breeding range extending from the Yukon Territory on the north
to BajJa California on the south, west to Texas, the Oklahoma
Panhandle, western Kansas, Nebraska, South Dakota, North
Dakota and Saskatchewan (Brown and Amadon, 1968).

The winter range of B. j. calurus 1s difficult to describe,
Since the winter ranges of many races of red-tails overlap.
The species 1s uncommon in northeastern Colorado during the
winter months. Most birds of the western race winter further
south, probably as far south as northern Nicaragua (Brown and

Amadon, 1968),.
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Since the red-talled hawk is an uncommon nester on the
PNG, little detailed information was collected during the
present study. Of 8 pairs'present in 1972, 5 nested in trees
along major creek bottoms and 3 nested on cliiffs. Many more
red-talls nest in the gallery forest along the South Platte
Rlver about 20 miles south of the study area and in the foothills
of the Bocky Mountains which begin about 15 mlles west of the
study area. The phenology of nesting 1s yet to be described.

The red-tailed hawk is most common on the PNG during the
spring and fall migration. During the spring migration adults
are most often observed as pairs along the ma jor north-south
creek bottoms which, apparently, they use as leading lines.
On 26 March 1971, for example, 6 adults were observed along
a two-mile stretch of Crow Creek. None were seen ih 50 miles
of driving in the agricultural land southeast of Briggsdale

the same morning.

Golden Eagle

The golden eagle, the largest nesting raptor on the PNG,
1s present year-round. It is unclear 1f the nesting birds
remaln or if they are replaced in winter by individuals from
further north. The breeding range of the goldeh eagle includes
the western United States and Canada, northern Canada and

Alaska, much or Europe and Asia, and extreme northwest Africa.

The populations of the western United States remain quite
stable (Boeker and Ray, 1971). The average weight of 7 male

golden eagles is listed as 3,924 g and that of 4 females as
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4,692 g by Brown and Amadon (1968). The weights of all large
birds of prey, particularly the eagles, need further documenta-
tion.

The food of nesting golden eagles on the Pawnee 1s mostly
cottontalls, jackrabbits, thirteen-lined ground squirrels and,

on occaslion, ring-necked pheasants (Phasianus colchicus),

long-tailed weasels (Mustela frenata), and black-billed

magples (Pica plca). An analysis of available data on food
consumption by goiden eagles 1s included elsewhere in this
report.

Many golden eagles were at eyries by the time study began
in 1971 and 1972. Stoddart (pers. comm.,) saw several eagles
near eyries on 15 March 1972, but nest building had not begun
at one eyrie checked closely. Eggs were laid in that eyrie
about 2 April. Most golden eagles already had eggzs by that
time, the earliest clutch being laid about 11 March (Fig. 8).
The overall timing of the breeding cycle of golden eagles is
shown in Figure 4.

The eggs of golden eagles range from completely cream-
colored to extensively splotched with brown. The average size
of 3 eggs was 57.8 x 76.6 mm. The average welght of 2 eggs
about half incubated was 122.8 g. Clutch size was 1 or 2,
more often 2, with an average of 1.66 eggs per clutech (Table
3)+ The incubation period of golden eagles is variously
reported in the literature as between 35 and 45 days in length.

I have used 41 days which 1s consistent with most Buropean

literature and with Camenzind (1969) for golden eagles in itah.
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Courtship flights of golden eagles sometimes continue
after egg layihg. Cn 30 d¥arch 1972 a female, which had been
incubating about two weeks, engaged in the typlcal *"roller
coaster" courtship rflight within minutes after being relieved
at the nest by the male. After galining considerable altitude

she gathered her wings in a four-fifths fold and dove at an
angle of 50 to £59. At the bottom of the dive she broke into

a vigorous flapping flight for a powered ascent to the height
possessed before the dive. This was followed immediately by
another fold and dive. The undulating flight continued for
about 4 minutes and involved 30 or more undulations.
Copulation was observed near a different eyrie on 31
March 1972. 1It occurred on the ground about one hour after
2 k111 and at the end of a 40-minute session of nest building.
The male left the nest tree and flew to the female, landing
next to her on the ground. He then Jumped onto her back and
copulation took place. This was followed by a lengthy period
with both birds perched on the ground, occasionally preening.
Eoth birds participated in the nest building and brought
sticks up to 1% feet in length, all collected in the creelk bed
within 100 feet of the nest tree. oOn at least 10 different
oceaslons in 40 minutes one or both of the birds dove from
the tree in a gentle SWoop to the ground. Their actions in
leavine the growlng nest structure were stereotyped, a slow
thrust forward, a distinct folding of the wings, a drop of 20
feet and a wide spread of the wings to brake for the landing,

all within 8 to 10 seconds. The approach to the nest with a
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stick was also performed in a monotonous manner, élways irom

the same direction -- into the wind -- and always to the same
perch near the nest. At least 3 times the female nearly

knocked the male out of the tree upon landing with a large stick
tralling behind her. (n one occasion, as the male returned

to the nest, the female stood in the hest, head almost buried

in the cup and turned from side to side as if arranging nest
material. The male dropped the stick he brought on that
occaslion.

In 1972 all observed golden eagles in northeastern
Colorado hatched between 21 April and 13 May, and fledged
between 30 June and 22 July {assuming that all birds took
10 weeks after hatching to fledge) (see Fig. 4). Actual
fledging dates at 3 eyries were 30 June,‘& July and &6 July
1972. The entire length of the breeding season from egg
laying through fledging for an individual palr was about 111
days (estimated using an incubation period of Hl days and a
fledging period of 10 weeks}. For the-entire population,
€ggs and young of golden eagles were in nests for about 135
days.

Maxlimum brood size in all nests in 1971 and 1972 was 1.17
(Table 4), Brood size in nests where at least one egg hatched
{(1.53) was only 7.8 per cent less than the average clutch size
(1.66), indicating that hatchakility of eggs was high where
the entire clutch was not destroyed or deserted (or, uncommonly,

infertile). As will be shown elsewhere, however, the overall
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probabllity of hatching of a golden eagle egg was lower than

for any other large raptor of northeastern Colorado, except

the ferruginous hawk.

Prairie Falcon

This 1s the only large falcon which nests on the FNG.
It is present throughout the year. i&Znderson (1964) in the
most thorough life history of the species lists welghts as
follows: 15 adult males -~ 554 g, 31 adult females -- 863 g,
5 lmmature males -- 539 g and 12 immature females -~ 824 .

rrairie falcons breed throughout the western United
states, Baja Cslifornia, northern Mexico and the southern
portions of the prairie provinces of Canada (Erown and Amadon,
1968). The species is generally thought to nest only in arid
country, but the Hocky Mountain foothills and plateaus
(surrounded by cliffs), and some hiligh mountaln areas over
11,000 feet support nesting prairie falcons. Excluded from
the specles!' breeding range is a strip along the west coast
of the United States.

The prairie falcon is somewhat migratory. Many nestlings
banded in California move northeast acrogs the continental
divide within three months of fledzing. Young from Colorado
and 4yoming move generally north and northeast into fiontans,
the Lakotas and the pratirie provinces of Canada for 3 to 5
months after fledeging. ‘This is arparently followed 5 to B
months after fledging by southern moveionis through the mid-

west from North Dakota to Cklahoma (occasionally as far
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east as Missouri, lowa and Illinoils) (see Flgure 4 in
Enderson, 1964),

No quantitative food hatits study of the prairie falcon
has been published to my knowledge. Verland Ugden {(pers.
comm,) of the Idaho Cooperative Wildlife Hesearch Unit found
that mammallan prey, particularly the Townsend's ground

squirrel (Spermophilus townsendi), was the most common food

of pralrie falcons along the Snake EKEiver in southwestern Idaho.
Horned larks, western meadowlarks and western whiptail lizards
were also take., idnderson {19€4) found that horned lerks and

Richardson's ground squirrels (Spermophilus richardsoni) were

brought to nests most often in Wyoming and Colorado (including
the PN and adjacent areas). #Hnderson adds that the remains
of thirteen-lined ground squirrels were found infrequently.
Food hatit analysis during the present study was
qualitative. Thirteen-lined ground sgulrrels, lark buntings,
horned larks and western measdowlarks were commonly found in

brairie falcon nests. PMNcCown's longspurs (Rhynchophanes

mcecownii) and an American coot {(Fulica americana) were also

breyed upon. Aithough 1t 1s quite easy to identify parts

of prey in prailrie falcon nests, it is very difficult to
separate the remsins of individual prey items., 3Syries are
often 1littered with feathers, bird feet and ground squirrel
talls, requiring one to sift the cand (literélly) of the nest
scrape to retrieve remains. It will requlre a very specific

effort to study prairie falcon food habits quantitatively.
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Prairie falcons apparently move to their eyries in very
late February and early March (Enderson, 1964), but egs
laylng does not occur until 5 to 7 weeks later. Most pairs
were on territory before the present study tegan each year.
Nest scrapilng was observed at one eyrie on 8 April 1972, about
one week before the first egg was laid. Mean laying dates
of clutches ranged from 12 April through 10 May 1972, the
only year for which numerous data are avallable (Fig. 9).
These dates colncide almost exactly with the total variation
found during Enderson's (1964 entire three-year study period.
Most clutches were laid durilng the second and third week of
April in 1972, while U4 clutches in 1971 were laid during the
fourth week of April. This suggests, as with ferruginous
hawks, that most prairie falcons nested earlier in 1972 than
in 1971, but the population as a whole had a prolonged breeding
season,

An incubation period of 30 days was used during the
present study for extrapolations back to egg laying. A
fledging period of 31 days was used. The latter is 5 to 10
days less than reported by Enderson (1964), implying higher
rates of growth and development in 1972. Three fledging
perlods were determined in 1972; they were 29, 32, and 33 days.
Although there are several sources of error in such determina-
tions, fledging periods were shorter in 1972 (or on the low
slde of the range given by iZnderson) than in 19€0-62. This
possibly was the result of the warm dry conditions from

February through May 1972,
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Prairie falcons hatched between 12 May and 10 June 1972,
principally from 12 to 19 May. Most fledged between 13 and
19 June, but the young in one very late nest did not fledge
unti]l 10 July. The complete phenology of nesting is shown in
Figure 4,

Clutech size in 24 eyries in 1971 and 1972 averaged U, 42
eggs (range 3 to 6) (Table 3). Modal clutch size was 5. At
least 2 eggs hatched 1n every active eyrie under study. Clutch
size during Enderson's 1960-62 study averaged 4.5 eggs, while
Ogden (pers. comm.) found 4.41 eggs per site along the Snake
River from 1970-72. Maximum brood size during the present
study was 3.93 young overall (range 2 to 5) (Table 4).
Fledging success (see below for details) was 3.41 young per
eyrie. Ogden (pers. comm.) found 3.1 young fledged per
occupled territory from 1970 to 1972. Enderson's (1964)
finding of 1.1 young fledged per pair studled {extremely

low) is inexpliecable.

Great Horned Owl

This resident species is the dominant large strigiform,
and contributes significantly to the raptor biomass of
northeastern Colorado. Craighead and Craighead (1956) 1list
the average weight of 895 males as 1,304 g and of 772 females
as 1,706 g, almost as much as ferruglinous hawks. {There is
scome question as to whether these welghts are for different

owls or for multiple welghings of a smaller number of owls.)
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The breedlng range of the great horned owl includes all
of North America south of the EBrooks Range in Alaska and the
Arctic Circle across Canada, and all of Central and South
America. The great horned owl 1is probably the most sedentary
raptor which breeds on the FPNG.

The food of great horned owls 1n northeastern Colorado
was enalyzed by Marti (1970). All important prey species
were memmals, including Jackrabbits, cottontails, deer mice

(leromyscus sp.), prairie voles (Microtus ochrogaster), and

northern pocket gophers. Birds made up less than 5 per cent
of the prey items (1.5 to £.8 per cent of the wet-weight
biomass of prey over a three-year period).

Most potential great horned owl territories can be
located in late December, as has been indicated by comparisons
of the Pawnee Site Christmas birds counts and subsequent
nesting records, The date of the onset of courtship was not
determined during this study, but the egg laying period was
calculated as 4 March through 15 March for & clutches in 1971,
Four clutches in 1972 for which preclse data are available
were lald around 28 February, 2 March, 9 March and ¢ April.
An incubation period of 28 days was used for extrapolations
back from hatching to determine laying dates. As with
ferruginous hawks, the egg-laying period of great horned owls
was more precisely timed 1in 1971 than in 1972. a widespread
failure of nesting by great horned owls in 1972 (see below)

apparently resulted in consliderable asynchrony of nesting.
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Great horned owl eggs are immaculate white. The sizes
of 9 eggs (measured in 1969 and 1970) ranged from 45,2 to
48.1 mm in diameter and 50.6 to 58,7 mm in length. The
average size was 46.3 x 56.3 mm. Clutch size (2.26) and
maximum brood size in nests where at least one egg hatched
(2.14) were quite similar (Tables 3 and 4).

Hatching of 6 clutches in 1971 occurred between 1 April
and 12 April; the birds fledged between 13 May and 24 May
after an average period of 42 days in the nest (Fig. 4). This
was 9 weeks earllier than Swalnson's hawks and 7% weeks earlier
than ferruginous hawks. In 1972 hatchlng occurred as early as
27 March end as late as 7 May. The young fledged between 8 May
and 18 June. The length of the breeding season from egg
laying through fledging of a single brood was 70 days. On
a population basis, great horned owls had eggs or young in
the nest for 81 days and 110 days in 1971 and 1972, respectively.

The post-fledging period of great horned owls is long.
Detalls of this part of the specles' natural history were
studled by Dunstan (1970). On the Pawnee, as on Dunstan's
study area in South Dakota, young owls were observed near
thelr nests for many months after they fledged, although
Dunstan noted a mid-winter dispersal of young great horned
owls, and Houstan's (pers. comm.) banding data documents a
southern movement of immesture birds out of Saskatchewan

during the winter.
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PFurrowing owl

The first attempt to study burrowing owls in 1972 was
gqulite unsuccessful for several reasons. In particular,
manpower was Inadequate; another team of twe researchers
would be needed just to study burrowing owls and American
kestrels on the 1,000-8g mile stucy ares. The fossorial
habits of the owls, the cavity nesting habit of the kestrels
and the smell slze of both species make observation very
time-consuming. The owls present the added protlem of

locating pairs which nest in holes of badgers (Taxldea taxus )

and other medium-sized mammals, lndependent of black-tailed

prairie dog (Cynomys ludovicianus) tcwns. 1In spite of the

problems, however, certain qualitative statements can be macde.

Burrowlng owls are present in northeastern Colorado from
early to mid-April through mld-Cctober. The range of the
species includes most of North America west of the Mississippi
gdiver and north to the prairies of southern Canada. South-
wardly, burrowing owls are found through much of Mexico,
Central America and Jouth America, excluding tropical areas
such as the watershed of the Amazon . iver (Grosswan and Hamlet,
1964). Loecally, burrowing owls sre not comumon in-cultlvated
land.

These small owls may be more numerous than any of the
large raptors which nest in northeastern Colorado, but in terms
of biomass (g/kmz) they are apparently less important.

Thomsen (1971) gives the following weights for the species in
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California: 12 males--172.0 g (range 145,0-191.3) and 10
females--168.0 g (range 125.6-210.0). He noted that weights
of femaleé increased near egg laying time and decreased when
dependent young were in the burrows.

Assumlng, for example, that burrowing owls were as
common as Swalnson's hawks on the 1,000-8q mile study area in
1972 (68 pairs per 1,000 sq miles from Table 13 below), their
biomass would be about 5.0 ber cent of the raptor tiomass
(American kestrels excluded) of the area. Assuning also that
the biomass of a predatory species reflects its ecological
impact, burrowing owls, red-talled hawks and pralrie falcons
probably have about the same, relatively low impact. The
energy utilized during the summer of 1972 by Swainson's
hawks, ferruginous hawks, great horned owls or golden eagles
(each species considered separately) was 4 to 6 timeé greater
than that which would be used by 68 pairs of burrowing owls.

The figure of 68 pairs per 1,000 8q miles was not chosen
in the total absence of populatlon information., It is meant
as a minimum estimate, however. Eleven black—taiied prairie
dog towns were located on the 1,000-8q mile study area in
1972, None was on the federal land of the western portlion of
the Pawnee National Grassland. Counts of owls at these towns
varied considerably (from 0 to 32), with most seen very early
in the morning on sunny days 1n late July and early August
(after the Young had fledged, but before emigration). I
would estimate that there was a minimum average of &4 pairs of

owls per prairie dog town {or 44 pairs). Individual owls were
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noted on a nmap throughout the season. This accounted for
about another 15 pailrs (for a total of 59). It must be
stressed, however, that the total population could easily have
been 2 or 3 times that number. No area was systgmatically
searched for isolated pairs. Even population levels
determined for prairie dog towns are suspect because of the
nesting habits and dally activity patterns of the owls.

There 1s a definite dependence of burrowing owls in
northeastern Colorado upon priarie dogs for nest hole "startsh,
Whether the apparent gregarious habits of the owls involve
true soclal affinity or whether clumping of the owl population
hear prairle dog towns 1g related only to the avallabllity of
nest sites 1s an open question. There is considerable evidence
in favor of the latter, however.

Flrst, the occurrence of isolated owl palrs at badger
holes suggests that social interaction is not an abzolute
requirement for breeding. Although the extent to which bedger
holes are used by burrowing owls is unknown, it has been
observed many times. Second, burrowing owls are territorial
during the breeding season, with territorles up to 4.0 acreg
in size (Thomsen, 1971: Coulombe, 1971). Many social birds
have smaller territories and less complex repertoires of
territorial tehavior than are indicated for burrowing owls.

Third, burrowing owls are mainly dependent upon mammals

of the genera Spermophilus and Cynomys for nest site “starts",

The badger digs many holes, but not in the numbers dug by

large populations of pralrle dogs and spermophiles. The
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hard, shallow and often gravelly solls of the PNG preclude
extenslive digging by the owls themselves. 1In Californis,
burrowing owls use the holes of California ground squirrels

(Spermophilus beecheyi), a colonial species which Burt and

Grossenhelder (1964) 1list as being 9-11 inches long excluding
the tall. The thirteen-lined ground sgquirrel, the common
spermophile on the rawnee, 1s only 4% to 4% inches in length
from the nose to the base of the tail. Very few, if any,
burrows of the latter species are large enough to provide

an adequate "start" for a burrowing owl nest site. Black-
talled prairie dogs (11-13 inches in length) are the only
small mammals in northeastern Colorado which provide
numerous, closely spaced holes in whilch burrowing owls can
nest. Thus, the owl population is clumped where these holes
are avallabls,

Jdirewing owls in northeastern Ccelorado are dependent

for nest sites upon species of mammals which suffer from

wldespread persecution and extermination. 1f these mamnals

are'extirpated from the region, the burrowing owl may follow.
It 1s possitle that the owls may linger for several years in
brairie dog towns which are polsoned out. This 1s not a
long-term solution, however. I visited a prairile dog town
on the 1,000-sq mile study area in 1972 which hag been
polsoned in 1968, All dogs were killed. Burrowing owls were
common there in 1258 according to the land owner., In 1972

not a single owl or active burrow was found after visiting

every mound and dirt patch in the town. A small number of
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burrows were still kept opcn, presumably by cottontail rabbits
or tadgers.

Frotective measures are in order. The re-establishment
and protection of evenly spaced, size-controlled pralrie dog
towns, in spite of the dislike of prairie dogs by ranchers,
should te undertaken. <ne person could eliminate virtually
every prairle dog on the 1,000-sq mile study area in a weeXx.
Liewlse, many of the towns should ke posted with signs
stating that only the pralrie dogs are legal targets. T
have found adult burrowing owls laying dead at the entrances
of bur-ows. Iiralrie dogs usuall:r take refuge at the sight
of a ca; stopped near the town, but burrowing owls do not and

are easy targets for indisc. imanent shooters.

Ame:’lcan estrel

The range of the American kestrel or sparrow hawk,
actually a small falcon, includes most -of Nerth and South
America anc the West Indes, excluding the treeless Arctic,
much ol Mexlco and Central America, and east central South
America (Amazonia). Most of the southern exclusions are
heavily forested areas (Brown and Aradon, 19.8),.

The Arerican kestrel occurs in northeastern Clorado
during all seasons, although wintering birds (few in number)
probabtly immigrate from more no-thern latitudes., estrels
are most conspicuous on the rawnee Just prior to fall
migraticn and during both the Spiring and fall migrations.

In late August several Tamily g:roups (apparently) often
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Join in flocks of up to 75 or 100 birds before yiqrating.
Cralg (1%70) found peak migration periods during the first
2 weeks of September 1969 and the last 10 days of April 1670.
The total number of nesting kestrels was not determined
during the present study, although the numters can be estimated.
There are about 7% linear miles of creeks with apparently
adequate trees for kestrel nests on the 1,000-s8q mile study
area. These are usually dead cottonwood trees with loose
tark, making climbing dangerous or lmpossible. The major
portlon of this 7 miles of creeks includes about U4 miles
of Ciow Creek and 17 miles of Lone "ree Creek (see Fig. 1).
Along the southern portion of Crow Creek, the best
kestrel nesting habitat, about three pairs per mile were
encountered in six miles of gallery forest. Extrapolating
this ecological nesting density to all apparently adequate
creek bottom nesting habitat on the 1,000~8q mile study area,
and taking into account that 1) all 7, miles of creeks nay
not have suitable dead trees, 2) the gallery forest along
Crow Creek has many short gaps (up to one mile), and 3) certain
of the large raptors may competitively exclude kestrels from
otherwise sultable nest sites, the population of this small
falcon could be set at about 180 peirs per 1,000 2q miles.
A few kestrels nested in the cliffs on the sﬁudy ares, but
these probably involved only a small percentage of the entire

population,
The accuracy of this estimate must be established by
further study. Unlie with burrowing owls, however, it :s
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very doubtful that the kestrel population was higher than

here estimated; it could be 20 per cent less depending on
the accuracy of the qualified extrapolation of 3 pailrs per

linear mile of habitat.
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POPULATION LEVELS AND PRODUCTIVITIES

The Extensive Study Area

Clutch Size, Maximum Brood 3ize and Fledging Success.

Table 5 1s a compllation of these nesting parameters for the
five lmportant nesting species on the PNG. Data from 1970,
1971 and 1972 are treated separately and collectively. Aver-
ages of 1971 and 1972 data are also presented, since in
those years field efforts were of adequate extent. A nesting
attempt must have at least produced eggs to be included in
these calculations; non-nesting pairs and Single birds were
lgnored, although they were included in the analyses of breed-
ing densities and productivities on the 414~ and 1,000-8q mile
study areas (see Tables 10-15}., If observer interference was
a possible cause of nest failure, the suspect data were dis-
carded. The nests from which clutch size data were obtalned
may or may not be the same nests from which maximum brood
sizes or fledgling successes were obtained and vice versa.
Clutch size of Swainson!s hawks was guite stable from
year to year, ranging from 2.31 to 2.41. Meximum brood size
ranged from 1.50 to 1.86 young per nest. Fledging success was
comparable in 1970 and 1971 (about 1.12), but higher in 1972
(1.2%4 young fledged per nest). Apparently, the low fledging
success of Swalnson's hawks 1n 1970 was due to a higher than
average mortality of hatched young, since cluteh size and
maximum brood size were above or near the overall averages.
The low fledging success of Swainson's hawks 1n 1971 result-

ed from a lower than average maximum btrood size.
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Table 5. A compllation of clutch sizes, maximum brood sizes
and fledging successes of large raptors in north-
Sample sizes are in

eastern Colorado--1970-1972,
parentheses.

Specles Maximum
and Cluteh Brood Fledging
Years Size Slze Success
Swainson's Hawk
1970 2.41(22) 1.72(18) 1.11(19)
1971 2.32(28) 1.50(26) 1.13(30)
1972 2.31(45) 1.86(51) 1.24(70)
1971-72 2.31(73) 1.74(77) 1.21(100)
Overall 2.34(95) 1.74(95) 1.19(119)
Ferruginous Hawk
1970 2.50( 6) 1.22( 9) 1.22( 9)
1971 3.00(14) 2.15(13) 2.08(13)
1972 3.38(24) 2.32(31) 1.87(31)
1971-72 3.24(38) 2.27(44) 1.93(44)
- Overall 3.14(44) 2.09(53) 1.81(53)
Golden Eagle
1970 1.86( 7) 1.62( 8) 1.50( 8)
1971 1.56(18) 1.11(19) 1.00(18)
1972 1.69(13) 1.00(15} 0.93(15)
1971-72 1.61(31) 1.06(34) 0.97(33)
Overall 1.66(38) 1.17(42) 1.0?(20)
Prairie Falcon
1971 h.67( 6€) 3.90(10) 3.78( 9)
1972 4.33(18) 3.94(17) 3.24(17)
197172 4 L2(24) 3.93(27) 3.42(2€)
Great Horned Owl_
1971 2.25( 8) 1.64(14) 1.64(14)
1972 2.27(11) 1.85(13) 1.46(13)
1971-72 2.26(19) 1.74(27) 1.56(27)
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Ferruginous hawks apparently had a poor year in 1970,
although the sample size was small due to the lack of inten-
slve field effort that year. Fledging success in 1970 was only
63 per cent of that in 1971 and 1972 combined apparently be-
cause of lower than average clutch and maximum brood sizes.

A check of all 1970 nest visit data dismissed the notion that,
perhaps, the failure to hatch was caused by observer interference.
The highest fledging success of ferruginous hawks occurred in
1971, a year of considerable mortality of eggs, but very little
nestling mortality. The lower fledging successlin 1972
(compared to 1971) followed more mortality of young birds,

not low clutch or brood sizes which were highest in 1972,
Overall and 1972 fledging successes on the Pawnee agree almost
exactly with 1972 fledging success on a large study area in
Utah and Idaho (Leon Powers, pers. comm, ), but is somewhat
higher than the 1.52 young fledged per nest in 1967 and 1948

in the Cedar Valley of Utah (Weston, 1569).

Clutch size, maximum brood size and fledging success of
golden eagles averaged (for the three years combined) 1.£6,
1.17 and 1.07, respectively. In 1970 all three of these nest-
ing parameters, particularly the figures for maximum brood size
and fledging success, were higher than in 1971 and 1972. This

does not represent a real decrease In the success of golden

eagles. In 1970 no early nest failures by golden eagles were
detected, since field work did not begin until late April and
the fleld effort was not intense. 1In 1971 and 1972 many early

nest fallures were detected (see the section on habitat use
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and nesting at man-created nest sites). 1In view of this, data
collected in 1971 and 1972 are probably more realistic for
the shortgrass prairie population under study. The 1971-72
averages for clutch size, maximum brood size and fledging
success were 1,61, 1.06 and 0.97, respectively. 1In the arid,
shrub-covered hills surrounding the Cedar Valley of Utah,
and in the valley 1tself, Camenzind (1969) found that golden
eagles fledged 0.84 young per nest in 1957 and 1968. A
comparlison of Pawnee data with other golden eagle population
data 1s included in the section on habitat use and nesting
at man-created nest sites (see below).

frairie falcon productivity was remarkably high in 1971
and 1972. An average of 4.42 eggs were lald per nest of which
an average of 3,93 hatched. Fledging success, 3.42 young
per eyrie, was slightly more than triple what Enderson (1964)
reported for 82 nestings of prairie falcons in northeastern
Colorado and Wyoming from 1960 through 1962, exactly ten
years earllier. Ogden (pers. comm.) found a mean clutch size
of 4.41 eggs and a fledging success of 3.1 young per occupled
territory between 1970 and 1972 at 110 eyries along the Snake
Rivér in southwestern Idaho. The slightly lower success of
prairie falcons on the Pawnee in 1972 resulted mére from
nestllng mortality than lower clutch size, since maximum
broocd sizes were comparable in the two years.

The success of great horned owls which at least laild eggs
was comparable in 1971 and 1972, Clutch size, maximum brood

silze and fledging success averaged 2.26, 1.74 and 1.56,
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respectively, for the two years. This compares favorably
with Smith's (1969) finding that 1.64 young owls fledged per
nest in 1967 and 1968 in the Cedar Valley of Utah. Although
fewer great horned owls hatched per nest in 1971 than in 1972
on the Pawnee, considerable mortality of nestlings occurred
In 1972, At the same time, great horned owls were in the
throes of a serious, nearly population-wide nesting fallure.
Only 30 per cent of 8ll palirs present fledged young on the
414~ and 1,000-sq mile study areas in 1972, compared with 83
per cent on the 414-sq mile area in 1971 (see below) and 79
per cent of all known nests in 1971.

Varlation in Nesting Parameters. Year-to-year variations

in nesting parameters (Table &) are useful in ascertaining
1) problem areas within life histories of individual species
and, in some cases, 2) portlons of the nesting sequence which
set the level of productivity of a population within a given
year. Year-to-year comparisons are more meaningful on a
long~term basis, although two-year comparisons may alert
researchers to look for specific problems during subsequent
study. The presehce of large numbers of non-nesting adult
pairs (as was the situation with great horned owls on the
Pawnee in 1972), the phenology of nesting and other factors
must qualify conclusions drawn from analyses of wvariations in
nesting parameters, particularly when the parameters include
data only from pairs which produce eggs,

Clutch size of Swainson's hawks was relatively constant

(0.4 per cent variation from the 1971-72 average between
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Table 6. 1971 to 1972 variation in nesting parameters from
the 1971-72 averages. Values are per cents.
Underlined per cents indicate lower values in 1972
than in 1971. '

Variation in Varilation in Variation in

Species Clutch Maximum Fledging
Size Brood Size Success
Swainson's Hawk 0.4 13.8 6.6
Ferruginous Hawk 7.4 5.3 7.8
Golden Zagle 5.0 5.7 4.1
Pralrie Falecon 5.7 0.8 10.
Great Horned Owl 0.4 6.3 R

|

**Per cent varlation = (1971 value-1972 value) = 1971-72
Average x 100.
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1971 and 1972), but maximum brood size varied considerably
(13.8 per cent; see Table 6). The causes of the latter
varlation and subseqguent differing rates of nestling mortality
resulted in only a moderate variation of 6.6 per cent in
fledging success. Thus, in 1971 low mortality of young
Swainson's hawks followed high hatching fallure (and vice
versa in 1970 and 1972) (see Table 5).

It is doubtful that this "compensation" always occurs
1n Swainson's hawk populations. Future researchers on the
Pawnee should anticipate years when mortality of both eggs
and young of Swailnson's hawks are high, with a resul ting
fledging success significantly less than 1.11-1.13.

Clutch sizes of the resident falconiform species varied
most, while clutch size of the princlpal migrant (Swainson's
hawk} was nearly identical in 1971 and 1972. The resident
specles are exposed to local weather conditions for longer
perlods of time than migratory specles. Weather condltions
were extremely different in 1971 and 1972, with 1972 being
relatively warmer ang drier from Fetruary through May (see
Further Discussions). This is Suggestive that clutch size 1is
affected by weather conditions. Cluteh sizes of ferruginous
hawks and golden eagles were larger in 1972 than in 1971.

The opposite was true of prairie falcons. If weather was the
only factor involved, one would expect a priori that the
changes in the different Speclies would be parallel.

Although clutch sizes of ferruginous hawks and golden

eagles were greater in 1972, fledging successes were smaller
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(Tables 5 or 6)., In fact, fledging successes of all resident

species were lower in 1972. Swainson's hawks produced many more

young in 1972,
Frobabilities of Hatching and Fledging. From the overall

averages of clutch size, maximum brood size and fledging suc~
cess in Table 6, the followlng probabilities were calculated:
1) of hatching, 2) of fledging if hatched and 3) of fledging
at egg laying (Table 7). With the exception of ferruginous
hawks, the probability of hatching decreased in the same order
as clutch size, brood size and fledgling success. This was
determined by ranking the overall averages in Table 6 and
comparison with Table 7. In otherwords, the more eggs lalid,
the higher the probabllity of hatching. The low hatching rate
of ferruginous hawk eggs 1s discussed elsewhere (Olendorff,
1972b; Olendorff, this reportj.

The probabllity of a Swainson's hawk egg hatchlng was
0.746, but the probability of fledging if hatched was consider-
ably lower than for all other species (0.688 as opposed to
0.865 - 0.941 for the other specles), This resulted in the
lowest overall probability of fledging (0.513). Just slightiy
over half of all Swainson's hawk eggs lald resulted in a
fledged young. Prairie falcons hatched a higher percentage
of thelr eggs than any other Specles and were reasonably
Successful at fledging young, resulting in the highest
brobability of a freshly laid egg culminating in a2 fledged
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Table 7. TFrobabllities of hatching and fledging of large
raptors on the Pawnee National Grassland--1970-72.

Overall
Probabllity of Probability of

Protablility of Fledging if Fledging at
Species Hatching Hatched Egg Laying
Prairie Falcon 0.889 X 0.870 = 0.774
Ferruginous Hawk 0.666 X 0.8¢65 = 0.576
Great Horned Owl 0.770 X 0.89¢6 = 0.690
Swainsonts Hawk 0.746 e 0.688 = 0.513

Golden Eagle 0.705 X 0.941 = 0.662
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With the exception of prairle falcons, the overall prob-
ability of fledging at egg laying was lower the later in the
season egg laying commenced (compare Fig. 4 and Table 7).

There apparently was a premium on nesting early as discussed
in the section on nesting phenoclogles {see Further Discussions).

Golden eagles were more successful at fledging young once
the eggs hatched than any of the other species. C(ver 94 per
cent of the hatchlings fledged.

Nest Success. Prairie falcons had the highest nest suc-

cess (fledged at least one young) of the large birds of prey
on the PNG between 1970 and 1972 (88,8 per cent) (Table 8).
Ferruginous hawks and golden eagles had nearly equal nest
gsuccesses (70.4 and 69.7 per cent, respectively). As with
the overall probability of fledging, species which nested
earllier in the season had a higher nest success, prailrie fal?
cons excepted (Table 8).

If nest success of ferruginous hawks and great horned
owls was less than 70 per cent, Swainson's hawk nest success
was greater than 50 per cent. The converse was also true.
This strongly suggests that Swalnson's hawk productivity was
dilrectly affected by the success of the earlier nesters (see
Further Discussions).

Productivity of Young in Successful Nests. This analysis

1s included here to show that grossly 1ncorrect conclusions
can be drawn using the number of young produced per success-
ful nest as the sole analytical tool. From the figures in

Table 9 the following conclusions could be reached: 1)
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Table 8. Nest successes of the large raptors on the Pawnee
Natlonal Grassland--1970-72. _

Specles
and
Years Nests successful Fer Cent

Swalnsonts Hawk

1970 19 10 52.6
1971 30 14 46,7
1972 70 41 58.6
Overall 119 65 54,6
1971-72 100 55 55.0
Ferruginous Hawk
1570 9 6 ' 66.7
1371 13 11 8L .6
1972 31 20 bl 6
Overall 53 37 69.8
1971-72 Ly 31 70.4
Golden tagle
1870 8 Y4 87.L
1971 18 13 72.2
1572 15 10 66 .7
Overall 4], 30 73.1
1971-72 33 23 69.7
Prairie Falcon
1971 9 g 100.0
1972 18 15 83.4
1971-72 27 24 88.8
Great Horned Owl |
1971 14 11 78.5
1972 13 9 69.3
1971-72 27 20 7h.0




Table 9. Productivity of young in successful nests of large
raptors on the Pawnee National Grassland--1970-72.

Productivity of

Specles
and Young Successful Young in
Years Fledged Nests Successful Nests
Sswainson's Hawk
1970 21 10 2.10
1971 34 14 2.43
1972 87 41 2.12
Overall 142 65 2.18
Ferruglnous Hawk
1970 11 6 1.83
1971 27 11 2.45
1972 58 20 2.90
Overall 96 37 2.59
Golden ragle
1970 12 7 1.72
1971 18 13 1.38
1972 14 10 1.40
Overall Ly 30 1.47
Pralrie Falcon
1971 34 9 3.78
1972 55 15 3.66
Overall 89 24 3.71
Great Horned Owl
1971 23 11 2.09
1972 19 9 2.11
Cverall L2 20 2.10
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Swalinson's hawks had a better year in 1971 than in 1972; 2)
ferruginous hawks had a better year in 1972; and 3) golden
eagles, pralrie falcons and great horned owls had comparable
successes in 1971 and 1972.

The data presented in Table 5 show that conclusions 1)
and Z2) above are opposite from actual fact. This will be
sub-stantiated by breeding density and productivity figures
presented below (see Tables 10-15). Golden eagles actually
experienced a 7.0 per cent decrease in fledging success from
1971 to 1972, yet the number of young fledged per successful
nest increased by 1.4 per cent (a negligible change). Like-
wlse, fledging success of pralrie falcons was 14.3 per cent
less in 1972 than in 1971, while the number of young fledged
per successful nest was only 3.2 per cent 1ess,

The conclusion that great horned owls had comparable
success 1n 1971 and 1972 is very inaccurate. Fledging suc-
cess was 11.0 per cent lower in 1972 than in 1971 but, of mdre
importance, about 70 per cent of the great horned owls did
not produce eggs in 1972} Unfortunately, this fact is not
adequately reflected in the figures of Table 5 for clutch
size, maximum brood size and fledging success or in Table 9.

The suggestion which must be made is that if young per
Successful nest is the only perameter avallable, report it,
but be very careful of the conclusions drawn. At a time
when some raptor populations are decreasing, inaccuracies in

analyses of trends in population levels cannot be tolerated.
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Although a decrease in the number of young per successful nest
may oceur in pesticide ridden populations, the same probably
will not occur in a population being extirpated by human
encroachment on nesting habitat, The definitions of clutch
slze, brood size and fledging success used in the present
report allow reasonably accurate analyses, only when con-
clusions are qualified by other nesting information (e.g.
unusually high numbers of non-nesting pairs). Breedling
density and productivity of young per unit area are much

more meaningful nesting parameters than any of the above.

If energetics of the populations are of concern, biomasses
should be calculated. The remaining considerations of
population levels and productivities utilize the latter three

nesting parameters.

The U414-sq Mile Study Area

Breeding density, productivity and bilomass data for the
Y14-3q mile study area in 1971 and 1972 are presented in
Tables 10, 11 and 12, respectively. 1In 1971 experimental
nests (one of each for Swalnson's and ferruginous hawks) and
nests with unknown outcome (two Swainson!s hawk nests) were
compensated for by taking into account the overall nest fallure
rates and the modal brood slizes for those species concerned.
In 1972 no nests were considered experimental and nests with
unknown outcome (& very small number) were simply omitted

from calculations of nest successes and productivities.
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Breeding Densitles and Productivities. Totals of 42

and 50.5 pairs of large birds of prey were observed on the
area in 1971 and 1972, respectively (Table 10). In 1971, 37
palrs were known to have nested. Thus, 42.5 per cent of the

87 sections with potential nest sites (Table 2) were occupled.
In 1972 45 pairs nested and used 51.8 per cent of the avallable
nest sites.

The number of young Swainson'!s hawks produced per 100 sg
miles 1n 1972 (11.85) was 258 per cent higher than in 1971
(4.59) (Table 11), This resulted from 1) nearly 50 per cent
more pairs in 1972, 2) 70.6 per cent nest success {(compared
wlith 33.3 per cent in 1971), and 3) 82 per cent more young
produced per pailr with known production (Tables 10 and 11).
This high productlon occurred in spite of & lower number of
young per successful nest in 1972 (2.12 as opposed to 2.43
in 1971 from Table 9).

The clrcumstances which led to such high production of
Swainson's hawks include at least the following: 1) There was

a lower breedlng density of ferruginous hawks in 1972 than in

1971, and thelr nest success and productivity of xoung were

lower. The number of young produced per 100 sq miles was

50 per cent lower. 1In 1971 nearly all of the young ferruginous
hawks on the L4l4-5q mile study area were measured periodically
during intensive growth studies. No young were abendoned,

but it 1s suspected that the adults moved their nesting
activity to other locatlions (mostly off of the 4ll-sq mile area)

in 1972. The lower nest success of ferruglnous hawks was
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caused by destruction (probably by humans) of 4 young in one
nest, very early nest fallure in another, and one non-nesting

palr. 2) Although there were about the same number of adult

great horned owls present in each of the two years, nest

success and productivity of young were very low in 1972 due to

the presence of 23 non-nesting pairs, human destruction of
2 nearly fledged young, and one nest fallure of unknown cause.
The apparent result of 1) and 2) above was & relatively
low level of interspecific competition between the early
negsters and the late arriving Swainson's hawks, as the latter
set up territories. Swalnson's hawks filled a void made
avallable by different nest slte cholces and general nesting
fallure of the potentlally competitive specles. These
relationships are discussed further in the section on nesting
phenologlies (see Further Discussions). It 1s clear that a
relatively "good" year for one specles can be a relatively
"bad" year for another.

Biomass Conslderations. The followiné analysis (Tatle

12) has several inherent assumptions: 1) all nesting and

- non-nesting palrs on the prescribed area were located;

2) the biomass of adult raptors remained statle (there was no
mortality) throughout the breeding season; and 3) only fledged
young contributed to the blomass of the population. Calculations
of adult biomass btefore the onset of egg-laying and biomass

of the young after fledging (and the combination of the two)

were calculated. JSpecles were considered separately and

collectively. Calculations are made in detail below for
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biomasses on the 414-sq mile study area in 1971. Biomasses
for other years and for the 1,000-3q mile study area were
calculated identically. Metric figures are given, although
the names of the study areas mention sq miles,

51x palrs of great horned owls were present on the L14-
sq mlle study area in 1971 representing a mass of 3,010 g/pair
or 18,060 g. This calculated to a blomass of 16.8 g/kmz.
(Table 12), The six pairs of adults fledged 10 young owls with
welghts of approximately 1,235 g each (average of only two
individuals), l.e., 12,350 g. This reduced to 11.5 g/kmZ.
The combined biomass of great horned owls, adults and young,
was 28.3 g/km2 after all birds had fledged, 1.e., after late
May and before appreciable mortality or emlgration occurred.

Ten pairs of.ferruginous hawks were present on the ares
in 1971. At 3,220 g/pair this amounted to 32,200 g or 30.0
g/kmz. These 10 pairs fledged 15 young at an average welght
of 1,296 g each or a total of 19,440 g. This was 18.1 g/kmz.
The total blomass of ferruginous hawks on about July 17 and
after (assuming no mortality of adults) was 48.1 g/kmz.

Twenty-four pairs of Swalnson's hawks nested in the area
in 1971 with a total mass of 47,448 g and biomass of Li4.2
g/kmz. These birds fledged 20 young at an average of 796 g
each, representing a mass of 15,920 g, i.e. 14.8 g/kmz. Total
biomass of Swalnson's hawks after mid-August (assuming no

adult mortality) was 59.0 g/km=2.
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Two palilrs of golden eagles were present, Nelther reared
young. Mass of the two palrs was approximately 17,252 g and
biomass was 16.1 g/km® throughout the spring and summer,

At the end of the breeding season (agaln assuming no
mortality of adults or of young during the post-fledging
periods of the early nesters) the total blomass of all large
raptors on the blb¥sq mile study area was 151.5 g/kmz.

Welghts used In further calculations include young golden
eagles--3,450 g, adult palr of prairie falcons--1,417 g,
young prairie falcons 682 g, adult palr of red-tailed hawks--
2,252 g and young red-talled hawks--1,075 g.

Blomasses of adult and young raptors at the end of the
breeding season on the 4ll~sq mile study area were greater or
less in 1972 than in 1971 by the following percentages:
Swalnson's hawks--73 per cent greater, golden eagles--
89 per cent greater, great horned owls--19 per cent less, and
ferruginous hawks--44 per cent less. For all species combined,
biomass was about Z0 per cent greater in 1972 than in 1971.
Biomass averaged 166.9 g/km2 for the two years including an
average of 116.0 g/km2 for adults and a biomass production of
young of 50.9 g/km?. The biomass of young produced was less
than half (43.9 per cent) of the biomass of the adults
Present,

The blomass figures, both for adults and young, were

domlnated by Swalnson®s hawks, although ferruginous hawks ran
a close second in 1971. The total biomass of adults and

young was proportloned as follows in 1972: Swalnson's hawks--
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55,4 per cent, ferruginous hawks--15.2 per cent, great
horned owls--12.6 per cent and golden eagles--16.8 per cent.
These percentages will be compared below with similar

figures for the 1,000-gq mile study area (Table 15).

The 1,000-8q Mile Study Area

In IBP Technlical Report 151 (COlendorff, 1972b), crude
nesting densities were estimated on a 2,266-38q mile area which
included all nestlng species and all potential nesting
habitats in northeastern Colorado. Limitations of manpower
and financlal support precluded actual determinations of
crude nesting densities on more than 1,000 sq miles, so the
1,000-8q mile study area was desligned as representative of
most of northeastern Coloradc (see Methods above)., All
future raptor research in the area should place the highest
priority on yearly determinations of crude nesting densities
and productivities on the 1,000-sq mile study area, a large
{but accomplishable) task for two researchers.

Breeding Denslitles and Productivities. In 1972 the large

raptor population on this area consisted of 42.8 per cent
Swalnson®s hawks, 16.4 per cent ferruginous hawks, 19.3 per
cent great horned owls, 7.6 per cent golden eagles, 8.8

per cent pralrie falcons and 5.1 per cent red-tailed hawks.

All specles considered, there were 15.85 pairs of lJarge raptors
for every 100 sq miles, or 1 pair for every 6.3 sq miles.

Only about half (53.3 per cent) produced at least one young

(red-talled hawks not included in this statistic).
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t

Comparisons between 19?2ldata for pairs per 100 sq
miles on the 414-gq mile study area (Table 10) and on the
1,000~8q mile study area {Table 13) revealed quite different
population levels, particularly when the specles were con-
sidered 1ndividually. In essentlially unbroken grassland
(the 4l4-sq mile study area) there were 24 per cent more
Swainson's hawks, 44 per cent fewer ferruginous hawks, 49
per-oent fewer great horned owls and 40 per cent fewer
golden eagles than iIn a combination of shortgrass prairie
habitats (1,000~-8q mile study area). Prairile falcons and
red-talled hawks nested on the 1,000-s3q mile area, but not
the 414-sq mile area.

One would expect more ferruginous and fewer Swalnson's
hawks to nest on the 41l4~sq mile study area (unbroken
grassland). Ferruginous hawks nested in unbroken grassland
nearly two-thirds cf the time (see Table 16 below). Similarly,
Swalinson's hawks nested in creek bottoms two-thirds of the
time. Several factors may be responsible for the deviation
from expected results. 1) Essentially unbroken grassland
on the FNG has been periodically interrupted by farmsteads,
now abandoned and used by hawks as nest sites (see below).
Swalnson's hawks have taken advantage of these man-created
sites. 2) As noted above, most young ferruginous hawks on
the U1L-sq mile area were measured periodically in 1971; the

adults apparently moved into the surrounding area (the 1,000=

sq mile area} to nest in 1972. 3) Great horned owls and

ferruginous hawks experienced a general nesting failure in
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1972, leaving a vold of interspecific conflict when the late
nesting Swainson's hawks arrived. There were nearly 50 per
cent more Swalnson's hawks on the 414-3q mile area in 1972
than in 1971 (Table 10). 4) Cursory habitat analysis of the
1,000~sq mile area showed that more sq miles of cliffs,
grasslands without trees and cultivated land (poor or
unsuitable nesting habitat for Swainsonts hawks) were added
to expand the 41l4-sq mile area to 1000 sq miles. Cliffs and
grasslands without trees are suiltable nesting habltat for
ferruginous hawks (Table 17 below).

All specles with the exception of Swainson's hawks
produced more young per 100 sq miles on the 1,000-sq mile
study area than on the 41L4-sq mile area (Tables 14 and 11).
Thls corresponds with the differences 1n breeding population
densities., For all species combined, 201 young were produced
or 20.1 per 100 sq miles (36.5 per cent greater than on the
L4l4-gq mile area). That was 1.37 young per pair with known
broduction. MNost of the greater production of young on the
1,000-sq mile area was attributable to the high production
of prairie falcons. The red-tailed hawk data are included
for completeness. The estimated productivity figures should

be falrly realistic.

Biomass Considerations. For all species and age classes

combined, the biomass of all large raptors was 252.8 g/km2 at
ki

the end of the 1972 breeding season, or 39.0 ber cent greater

than on the 414-sq mile . area (Table 15). Biomass of the
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young was 79.2 g/km2 or only 45.6 per cent greater than adult
biomass. For each specles individually, bilomasses were
increased by the followilng percentages: Swainson's hawk--
47,4, ferruginous hawk--74.6, great horned owl--24.3, golden
eagle--20.1, prairie falcon--142.2 and red-tailed hawk--
47.8 (estimated). Variations in such figures (from species

to species) is dependent upon the number of young produced
and the nest success of each species. DPercentage lncrease

in biomass, a very sensitive measure of productivity, 1s
one of the best indicators of overall reproductive performance
and should be used wherever year-to-year comparisons are
possible. Future data collectlon should be almed toward
such comparisons.

(ne cannot state the relative lmpacts of the specles
with certainty from these data, but the order of their biomass
percentages 1s a good estimate. Swalnson's hawks were most
important (30.1 per cent of the biomass). Energetically,
the Swainson's hawk has even greater impact, since 1t is the
smallest species which accounts for more than 10 pef cent
of the biomass, and smaller animals generally consume more
food per gram of body weilght than larger animals. It is
inefficient to be small, in general. Ferruglinous hawks,
great horned owls and golden eagles each accounted for about
20 per cent of the 1972 biomass (58.5 per cent collectively),
Frailrie falcons and red-tailed hawks together accounted for

only 11.4 per cent of the blomass.
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The percentages of the total biomasses for the two
areas in 1972 (from Tables 12 and 15) are displayed below
1) to illustrate the dangers of consldering a small,
unrepresentative area during a nesting study and 2) to
compare an area of essentially unbroken grassland with an

area consisting of all avallable nesting hablitats.

hll-sg Mile 1,000-8q lile
Swainson's Hawk 55.4% 30.1%
Ferruginous Hawk 15.25 22.2%
Great Horned Owl 12.67 17 JHE
Golden Eagle 16.8. 18.9/
Prairie Falcon 0.0+ 73
Red-tailed Hawk 0.0% 4.1

Only golden eagles occurred in comparable proportions of the
total populations of large raptors on the two areas. Frairle
falcons and red-tailed hawks (which were absent from the
smaller area) accounted for 11.4 per cent of the population
on the 1,000-sq mile area. Swalilnsconts hawk blomsss was over
25 per cent of the total less on the 1,000-sq mile area.
There ﬁere also large differences between populatiocn
levels based on density (individuals per unit area) and those
based on biomasses (welght per unit area). A compérison of
' percentages of the total population of adults and young in

1972 1s shown below.
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Swainson's Hawk 41 .77 30.1%
Ferruginous Hawk 19.35% 22.2%
Great Horned Owl 15.3% 17 4.0
Golden Eagle 5.8 18.9%
Pralrie Falcon 13.3% 7035
Red-tailled Hawk L.o7 L.z

Golden eagles accdunted for a much smaller percentage of
total density than of total blomass, 2ed-talled hawk,
great horned owl and ferruginous hawk percentages were
about comparable, while Swalnson's hawk and prairie falcon
percentages of total density were greater than percentages

of total bilomass.
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HABITAT USE AND NESTING AT MAN-CREATED
NEST SITES BY GRASSLAND RAPTORS

Man has been an important factor in the distribution of
nesting birds of prey on the Pawnee National Grassland and
ad jacent areas in northeastern Colorado. Before man came to
this large, shortgrass prairie, trees were restricted primarily
to gallery forests along creek bottoms and to small groves
near natural springs. The nomesteaders of the late 1800°'s and
early 1900's planted native and exotic trees near their houses
and windmills, thereby unknowingly but substantially changing
the future habitat composition of the area. Most of the
nomesteaders were driven from the area between 1915 and 1933
by drought conditions. Today the trees at the abandoned
farmsteads are used extensively by birds of prey as nest sites.

In addition,. volunteer cottonwood trees have grown along
abahdoned ditches where elaborate, but unsuccessful, attempts
at irrigation were made by the early settlers. An analogous
gituation developed where ranchers dammed usually dry gtream
peds to collect infrequent, torrential runoff in ponds for
their cattle. Quantification of these examples of inadvertent
management of wild raptor populations is the main topic of
this paper. However, a thorough development of this concept
must be preceded by considerations of differential utilization
of habitats and actual nest site selection by the birds in
question, since these aspects of nesting have direct bearing
on the potential of the apecies to adapt to nesting in man-

created situations. Such congiderations are included below.
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For the purposes of the following analysis the grassland
ecosystem was divided into four habitats. These include
1) well defined cliff lines, 2) creek bottoms with scattered
trees or nearly continuous gallery forests, 3} large tracts
of cultivated land.'and L) grasslands undbroken by cliffs,
creeks with trees, or cultivation. The latter will be called
»unbroken grasslands" henceforth, although man has artificially
interrupted those monotonous expanses of prairie with houses
(now mostly abandoned), wind breaks, windmills, roads, power and
telephone lines, etc. In addition, hillocks and small erosional
remnants often occur in what are here called unbroken grasslands.
Assignment of nests to one of the four habitats was quite
arbitrary in a few instances and was done using the following
criteria. Bluff lines posed no definition problems. All nests
in cultivated land were in trees surrounded by or adjacent
to large tracts of winter wheat fields, The distinction
between tree nests in creek bottoms and pure grassland was
made on the basis of the suspected origin of the tree or
trees. Lone or small groups of trees away from a stream bed
and surrounded by grazing land were considered to be in pure
grassland. This includes trees near windmills, homesteads,
and along abandoned irrigation ditches. All of these man-
made structures are quite common on the Pawnee National
Gragsland. Other nests in pure grassland occurred on the
ground, erosional remnants, abandoned stone houses. and in
trees near ponds (both natural and manumade). In all cases

they were surrounded by grazing land.
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Creek bottom nests had to be along well-defined stream
bedas, both large and small. A few such nests were on creek
banks, but the majority were in trees. Nests in single trees
along stream beds but surrounded by grazing land were also
congsidered as creek bottom nests. This introduced some
overlap of creek bottom and pure grassland habitats, but it
does not seriously affect trendes in the data. An active nest
is defined as one in which an adult was observed actively
incubating or in which eggs were deposited. Only pairs which
produced eggs were included in calculations of productivities.
A nest site was counted each year it was used. With regard
to observer interference, those few cases where it is suspected
that our activities may have caused nest failure are eliminated
from the calculations.

The productivity figures herein presented (actually
fledging successes as used elsewhere in this paper) will
appear low in many cases compared to other published informa-
tion. This is not to be taken as a sign of increased nesting
failure due to environmental contamination or human inter-
ference. Rather, this follows from certain habits of the
birds, the timing of field study, and the analytical methods
used. For example. gince this study was begun on about 15
March each year, many early nest failures were noted. Many
other studies do not take early nest failures into account.

In the case of Swainson's hawks, which often renest when
a clutch of eggs is destroyed early in ineubation, the

fledging successes per nesting attempt herein calculated are



120

probably slightly less than could be determined on a per adult
pair basis. These productivities are much lower than those
caleulable using only successful nests. This follows from

a high rate of nest failure due, primarily, to wind-caused
destruction of nests, eggs and/or young of Swainson's hawks
(Olendorff, 1972b).

All of the tables included in this section are similarly
constructed. Several species are listed and under the species
name are two lines. The first line gives percentages followed
by sample sizes in parentheses. The nature of the percentages
vary according to the subject matter of the table. The second
line shows the fledging successes of nests found in the categories
tabulated followed, again, by sample sizes in parentheses,
Sample sizes for the productivity information will usually be
slightly lower than those on which the percentages are based,
because the outcomes of a few nests in each case were not

determined.

Differential Utilization of Habitats

Each of the four nesting habitats was used differently
by each of the five species of raptors (Table 16). Such a
statement is trivial, perhaps, in reference to the prairie
falcon, which nests only on cliffs. More diverse utilization
of nesting habitats was apparent for Swainson's hawks,
ferruginous hawks, golden eagles, and great horned owls.

About 63 per cent (or 95 of 150) of the nestings of
Swainson's hawks occurred in creek bottoms; exactly 30 per

cent nested in unbroken grasslands and a few pairs fledged



Table 16.

Differential utilization of shortgrass prairie habitats

by nesting birds of prey -- northeastern Colorado, 1970~

1972.

Unbroken Greek Ciliffs Cultivated
Gragslands Bottoms Land
Swainson®s Hawk
Per Cent Use 30.,0% (45) 63.3% (95) - - = = - 6.7% (10)
Fledglings/Nest 1.19 (37) 0,90 (83) = = = = - 1.10 (10)
Ferruginous Hawk
Fledglings/Nest 1.73 (33) 1.33 (21) 3.00 ( 2) 4,00 { 1)
Golden Eagle
Per Cent Use 14,5% ( 8) 32.7% (18) 52.8% (29) = = = - =
Fledglings/NeBt 0088 ( 8) 00’4’0 (15) 1-18 (22) -----
Prairie Falcon
Per Cent UgBe = = = = = = = = = = = 100.0% (30) = = = = =
Fledglings/Negt = = = = = = = = = = = .41 (27) - = = = =
Great Horned Owl
Per Cent Use 7.3% ( 3) 80.5% (33) 9.8% ( &) 2.4% ( 1)*
Fledglings/Nest 1.33 ( 3) 1.45 (29) 2,00 ( 2) 2,00 ( 1)*

* Neat at a school house in a small town, not actually in
cultivated land.
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young in or near large tracts of cultivated land. Of the
large raptors which nest on the study area, only Swainson's
hawks regularly nested near cultivated land.

The habitat preferences of ferruginous hawks were quite
different from those of Swainson's hawks. Well over half of
all ferruginous hawk nests were in unbroken grasslands, while
about one-third were in creek bottoms. A small number of
ferruginous hawk nests were on ¢cliffs or in trees near culti-
vated land. The two congeneric, sympatric buteos used the
other's dominant nesting habitat 30 to 35 per cent of the
time.

Golden eagles nested most often in the vicinity of well
defined cliff lines but other habitats, with the exception of
cultivated land, were alsoc used. Great horned owls nested
along creek bottoms more consistently than any of the other
large raptors. Over 80 per cent nested in creek bottoms,
with the other 20 per cent of the population about equally
divided between nesting on cliffs and in unbroken grasslands.
The great horned owl nest listed as being in cultivated land
was actually about 25 feet from the second floor, sixth grade
classroom of a schoolhouse in a small town on the study area.
Thus, great horned owls were also absent from farmed lands as
a nesting species.

The number of young fledged per nest in each habitat
shows some interesting and unexpected trends, although sone
sample sizes are small due %o infrequent use of one or more

of the four habitats by a particular species (Table 16 ).
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Swainson's hawks, for example, were less successful at fledg-
ing young in their dominant habitat (creek bottoms) than in
unbroken grasslands or cultivated land, Overall, hoﬁever.
since more Swainson's hawks nested in creek bottoms, more
young were fledged in that habitat (i.e. 57.7 per cent of 131
young known to have fledged from 1970-1972.)

The ferruginous hawk was most successful in its dominant
nesting habitat (unbroken grasslands) where 1.73 young were
fledged per nest, compared to 1.33 young fledged per nest in
creek bottoms. Of 105 young known to have fledged from 1970~
1972, 68.3 per cent were reared in unbroken grasslands, while
only 26.6 per cent of the 105 fledglings were from creek
bottoms. Productivity figures for golden eagles and prairie
falcons will be discussed in the next section.

Great horned owls fledged an average of 1.45 young per
nesting attempt in creek bottoms. Sample sizes for the other
nabitats are too small to allow meaningful comparisons

between habitats.

Differential Use of Available Nest Supports

The actual placement of nests -- whether they were in trees,
on erosional remnants or small outcroppings, creek banks,
cliffe, the ground, or man-made structures -- also varied from
species to species (Table 17). While Swainson's hawks nested
in trees 100 per cent of the time, ferruginous hawks showed the
most versatility with regard to nest placement. Trees,

erosional remnants, creek banks, cliffs, the ground and man-made
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structures were all used by the latter species. Nevertheless,
the majority of the ferruginous hawks, 69.0 per cent, nested
in trees. This is a departure from the findings of Weston
(1969) in Utah where only 11 of 27 nestings, 40.7 per cent,
were in trees. Ground nesting was quite uncommon on the Pawnee
National Grassland (5.6 per cent) compared with northcentral
Utah (51.9 per cent).

Great horned owls nested in trees 85.3 per cent of the
time and only occasionally nested on creek banks and cliffs.

Productivity of 130 Swainson's hawk nests (in trees) was
1.00 young per attempt. There was a tendency for ferruginous
hawks nesting in trees to fledge fewer young (1.52 per attempt)
than those not nesting in trees (2.15 per attempt as calcu-
lated by treating the last five columns of the ferruginous
hawk productivity data in Table 17 as a single catesorv),

Golden eagles, as might be expected, were more success-
ful when nesting on cliffs. The fledging rate of 1.18 young
per nesting attempt on cliffs (and 0.87 in all habitats com-
bined) is considerably less than l.52 as reported by Boeker
and Ray (1971) for golden eagles nesting on the prairies east
of the Rocky Mountains and along the eastern front range in
New Mexico, Coloradc and Wyoming. Thus, there was a large
discrepancy between Boeker's and Ray's 5-year average for 213
nestings (1964-1968) in their three-state study area and the
three-year average (1970-1972) for 45 nestings in a small

part of the same study area as herein reported.
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For the most part, this discrepancy results, I believe,
from the difference between intensive and extensive study,
particularly with regard to project planning and goals, and
later, methods of analysis. Both approaches have considerable
merit. Due to the time factor involved in the coverage of
three states (even by air and subsequent followup on the
ground), all of Boeker's and Ray's study area could not be
covered early enough in the season to detect most of the early
nest failures. As stated above, early nest failure was an
important factor which decreased the overall productivity
figures herein reported.

Of the 150 nest sites studied by Boeker and Ray, 93 per
cent were on cliffs where productivity would be expected to be
higher than average for the entire population. There was a
bias in Boeker's and Ray's study against eagles nesting in
trees (25.5 per cent of the prairie population), because of
the difficulty of locating such nests from aireraft. During
\the study herein reported, the poor success of golden eagles
nesting at sites away from cliffs lowered the average pro-
ductivity considerably. Of particular note on the Pawnee
National Grassland was the failure of all golden eagle nests
on relatively low creek banks. This habitat was not inten-
sively studied by Boeker and Ray and, thus, a bias against
another 16.3 per cent of the prairie population must be
taken into account.

The cause of most nest failures on creek banks was that

the nests were built where previous runoff had created an
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irregularity in the bank. The next torrential rain, a common
characteristic of early spring weather on the prairies,

simply washed the nests off of the cliffs., The low production
of golden eagles along creek bottoms was not limited to creek
bank nests. Goldeh eagles nesting in trees along creeks
fledged only 0.67 young per nesting attempt, about the same

as for the entire population, but not approaching the 1.18
young per nesting attempt on cliffs.

The most striking differences between our productivity
figu;es and those previously reported in the literature for
the same general area are for prairie falecons. An average of
3.41 young were fledged from 8 nests in 1971 and 19 nests in
1972 (27 total). This was slightly more than triple what
Enderson (1964) reported for 82 nestings in northeastern
Colorado and Wyoming from 1960 through 1962, exactly ten
years ago. The cluteh size of prairie faleons in 1972 was

4,33 eggs per nest and hatchability was nearly 4.00 eggs

per nest.

Human Habitation and the Nesting of Large Raptors

The influence of past and present activities of the
inhabitants of northeastern Colorado on the current nesting
habits of five species of raptors is shown in Table 18. All
gpecies considered collectively shows that 104 of 347 nestings
(30.0 per cent) were at man-created nest sites. Both
Swainson's and ferruginous hawks used man-created nesting

situations about 40.0 per cent of the time., Swainson's hawks
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The influence of past and present land

on the nesting of birds of prey in the
prairie -- northeaste
centages compare the

created situations to t

ations.

rn Colorado, 1970-

use practices
ghortgrass
1972. Per-

number of nestings at man-

he number at natural situ-

Man-Created Naturai =~ Total No.
Nesting Nesting of
Situations Situations Negtings
Swainson's Hawk
Per Cent Use 40,0% (60) 60.0% (90) 150
Fledglings/Nest 1.12 (51) 0.95 (79) 130
Ferruginous Hawk
Per Cent Use 40.8% (29) 59.2% (42) 71
Fledglings/Nest 1.42 (24) 1.85 (33) 57
Golden Eagle
Per Cent Use 9.0% ( 5) 91.0% (50) 55
Fledglings/Nest 1.00 ( 5) 0.85 (50) 55
Prairie Falcon
Per Cent Use - - = 100.0% (30) 30
Fledglings/Nest - - - .41 (27) 27
Great Horned Owl
Per Cent Use 24,0% (10) 75.6% (31) b1
Fledglings/Nest 1.20 (10) 1.60 (25} 35
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fledged more young per nesting attempt in man-created situations
than in natural situations. Ferruginous hawks, on the other-
hand, fledged more young per nesting attémpt where no evidence
of past human habitation was found. Golden eagles nested
in man-created situations only 9 per cent of the time and
fledged 1.00 young per nesting attempt from such sites, more
than average for the entire population. Man has had no hand
in ecreating nest sites for prairie falcons. Over 24 per cent
of the great horned owls nested in man-created nest sites
over the three-year period. The owls fledged more young from
natural nest sites.

Several types of man-created nest sites were used by
the birds of prey (Table 19). For all species combined,
most (66 per cent) of the non-natural nest sites were at
abandoned farmsteads. However, about 38 per cent of the
Swainson's hawks, 31 per cent of the ferruginous hawks and
33 per cent of the great horned owls which utilized non-
natural nest sites used trees growing where man had attempted
to manipulate the natural water supply, i.e. where ditch
systems or artificial water impoundments had been constructed.

The influence of the past activities of man on the
nesting of the two buteos in unbroken grasslands is particu-
larly noteworthy. The fact that Swainson's hawks fledged
more young per nest from the 45 nests in unbroken grasslands
than from nests in the other habitats has already been men-
tioned. Analysis of those 45 nest sites showed that 44 of them,

or 98 per cent, were at abandoned farmsteads, abandoned
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Table 19. An analysis of the types of man-created situations
used by nesting birds of prey in the shortgrass

prairie -- northeastern Colorado, 1970=-72.
Abandoned Abandoned Man-made Total no.
Farmasteads Ditches Pondg _ of Nests

Swainson's Hawk
Per Cent Use 61.7% (37) 21.6% (13) 16.7% (10) 60
Fledglings/Nest 1.14 (29) 1.08 (13) 1.11 ( 9) 51

Ferruginous Hawk
Per Cent Use 69.,0% (20) 17.2% ( 5) 13.8% ( &) 29
Fledglings/Nest 1.25 (16) 2.20 ( 5) 1.00 ( 3) 24

Golden Eagle
Per Cent Use 100.0% ( 5) = = = == = = - — = 5

Fledglings/Nest 1.00 ( 5) - - =--~-=- === -=- 5

Great Horned Owl
Per Cent Use 66-?% ( 6) 2202% ( 2) ll-l% ( l) 9*

Fledglings/Nest 1.33 ( 6) 1.00 (.2) 0.00 ( 1) g%

# Nest near schoolhouse not included in these data.
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!

ditches or man-made ponds. The only exception was a gituation
where the historical activities of man were suspected, but
not actually found.

Likewise for ferruginous hawks, but to a legser degree.
Twenty-eight of 41, or 68.3 per cent, of the ferruginous hawk
nests in unbroken grasslands were in man-created situations.
The reason the percentage does not approach 100 in this case
is the diversity of the nesting habits of ferruginous hawks.

All 3 of the great horned owl nests in unbroken grass-

lands were at abandoned farmsteads.

Comparison of Past and Present Populations.

The question which is usually raised at this point concerns
whether or not there are more of these raptorial birds in
northeastern Coloradc now than there were, say, 150 years ago.
This is a difficult question, of course, since no quantitative
studies of nesting raptors have ever been conducted in the area
with the exception of Enderson's (1964) work with prairie
falcons and the research herein reported. If historical
occupancy of eyrie sites is used as a criterion for population
stability, comparisons of Enderson's and our data show that
the number of adult prairie falcons has apparently not changed
during the past decade. Productivity was substantially higher
in the early 1970's than in the early 1960's, but the same
number of adults occupied essentially the same eyries.
Furthermore, since nesting habitat for prairie falcons has

precise limits (Table 16), and since man has not inadvertently
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improved the available nesting habitat (Table 18), it is likely
that about the same number of prairie falcons have occupied
the area for many decades.

It can also be said with reasonable certainty that Swain-
son's hawks were more abundant in the early 1970's than during
the late 1800's and early 1900's. Swainson's haﬁks nested

only in trees (Tablel?). Until man planted trees such as the

boxelder (Acer negundo), Chinese elm (Ulmus parvifolia),

Russian olive (Elaeagnus angustifolia), honeylocust (Gleditsia

triacanthos), cottonwoods (Populus sp.?), and willows (Salix sp.?)

away from creek bottoms, Swainson's hawks could not nest in
otherwise unbroken grasslands. In addition, Swainson's hawks
will nest in or near cultivated land (Table 16 ). The extremely
detrimental effect of cultivation on the nesting of raptors

is not as serious for Swainson's hawks.

It is also relevant that the nest sites in creek bottoms
and near natural springs where Swainson's hawks must have
nested historically are still available. In general, man
cannot live immediately adjacent to the creeks because of
periodic flooding. Furthermore, the activities of men were
rather slight in the gallery forests along creeks in the
spring due to strict posting of the area, closed hunting seasons,
and intense patrolling of newborn calves by ranchers. This
eliminated much casual disturbance of nesting raptors by
irresponsible people, and the local farmers and ranchers
rarely interfered recognizing the value of predatory birds to

their interests.
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It was pointed out in the presentation of Table 16 that
Swainson's hawks fledged more young (30 per cent more) in
unbroken grasslands and cultivated land than in creek bottoms.
Likewise, Swainson's hawks fledged 18 per cent more young in
man-created nesting situations than in natural nesting
situations (Table 18). If these unexpected trends persist,
there may be further increases in the poﬁulation nesting in
unbroken grasslands through long-term selection for such an
adaption. This can only occur to the extent that man-created
nest sites are available, however. The potential for
intentional management of Swainson's hawk populations is great
should the need ever arise,

The evidence for an increase in the number of ferruginous
hawks in northeastern Colorado since the coming of white man
is not as clear cut. Ferruginous hawks do not depend solely
on trees for nest sites (Table 17 ) and they rarely nested near
extensive cultivation., Of the 71 nestings of this species,
only 1 was in a cultivated situation (Table 16). Even though
68.3 per cent of the ferruginous hawks which nested in un-
broken grassland nested in man-created situations, it is more
difficult than with Swainson's hawks to weigh the relative
importance of the negatives, such as cultivation and base line
levels of human interference, against the positives of in-
advertent improvement of nesting habitat. Ferruginous hawks
were less successful when nesting in trees than when nesting

in other situations. Similarly, these hawks were less successful



134

at fledging young at abandoned farmsteads, ditches and man-
made ponds than at natural nest sites.

Thus, with the ferruginous hawk, possibilities other
than population increase exist. There may have been a decrease
in the population since man arrived primarily due to destruction
of habitat through cultivation. Inasmuch as 69.0‘per cent of
all ferruginous hawks in the area nested in trees, a common
occurrence even at abandoned farmsteads in unbroken grasslands,
there may have been a shift from ground and cliff nesting to
tree nesting without a decrease or increase in numbers.

Further considerations regarding the nesting success of
ferruginous hawks in northeastern Colorado will be published
elsewhere (Olendorff and Stoddart, in prep.)

Great Horned Owls nested in man-created situations 24.0
per cent of the time (Table 18), yet such nestings.appear in-
consequential with regard to allowing this species to utilize
the shortgrass prairie more uniformly. First, great horned
owls fledged fewer young at man-created nest sites than at
natural nest sites. Second, if one analyzes a map of all
known nest sites of great horned owls, the dependence upon
gallery forests along creeks is obvious. Dispersal of nesting
pairs away from creek bottoms is not common. Thus, although man
has inadvertently created nesting situations for raptors in
unbroken grasslands, the great horned owl!h?s not adapted
to them as readily as the buteos. It is unlikely that the
number of great horned owls in northeastern Colorado is greater

now than before white man came to the area,
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Since golden eagles use man-created nest sites only 9.0
per cent of the time, man has probably had little positive
effect on this gpecies. Indiscriminate shooting of these very
large and conspicuous raptors by the general public and
destruction of nesting habitat by ranchers and farmers probably
hold the number of nesting golden eagles in northeastern
Colorado below the number present during the late 1800's.
Likewise, electrocution of eagles by distribution lines of
electric companies figures heavily as a mortality factor on the

Pawnee National Grassland and adjacent areas (Olendorff, 1972a).
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PREDATOR-PREY RELATIONSHIPS

Per Cent Composition of Diets

The following analysis of food habits (Table 20) was
based on numbers of individual prey items collected at nests
by forced regurgitation of food from the crops of young
birds, and simply by identification of prey items laying in
and under the nests, Data from 1970-72 were analyzed. The
following numbers of prey items were included in the calculations:
ferruginous hawk--131, Swainson®s hawk--105, great horned
owl--90, and golden eagle--119 for a total of 445, Fifty of
the prey items for great horned owls were taken from Ryder
{(1972). The data in Table 20 represent the percentage com-
position of the diets of nestling birds, although the
agssumption that adults eat what they feed their young is
probably valid in general.

Marti (1970) analyzed the diet of great horned owls in
northeastern Colorado in detail between 1967 and 1969 by
identifying animal remains in waste pellets regurgitated
by the owls. Since he did not analyze data from owls nesting
in shortgrass prairie separately, and since all data used
to construct Table 20 were collected in a similar manner
{(but not by pellet analysis), we chose not to use Marti®’s
data. In general, however, Table 20 shows a greater use
of lagomorphs and a lesser use of mice and voles by great
horned owls than reported by Marti. These trends involve

biases inherent in the techniques used; large prey are more
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often found laying in nests than small prey, and remains of
large prey do not always find their way into pellets.
Nevertheless, in the present analysis, where species com-
parisons are made, the biases act similarly for all species.

Ferruginous Hawk. This species took more thirteen-

lined ground squirrels than any other prey. In addition to
the ground sguirrel, the following species éach accounted
for more than 5 per cent of the total number of prey items:
northern pocket gopher, jackrabbits (white-tailed and black-
tailed combined}, cottontails (primarily desert cottontails,
Sylvilagus auduboni), horned larks and western meadowlarks.

During the breeding season, ferruginous hawks took about
3 times as many mammals as birds. Nearly all birds were taken
as recent fledglings, ineluding the long-billed curlew
(Numeniug americanug), a very uncommon breeding species.
Birds are probably even less important to this hawk during
other seasons, although hibernation of the thirteen-lined
ground sgquirrel may necesgsitate heavier predation on birds
during the winter.

In 1967 and 1968 in the Cedar Valley of Utah Weston
(1969} found that ferruginous hawks killed 44 per cent
Ord®s kangaroo rats (Dipodomys ordii) and 30 per cent
black-tailed jackrabbite. The only other prey species
accounting for more than 5 per cent of the total number of
prey items were the whitetail antelope squirrel

(Ammospermophilus leucurus) and the deer mouse (Peromyscus

maniculatus). Avian species accounted for only 4.4 per
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cent of the total.. No Ord's kangaroo rats were found as
prey in ferruginous hawk nests on the Pawnee., Jackrabbits
were taken less frequently in northeastern Colorado than in
Utah,

Swainson's Hawks. Birds were far more important as

food to Swainson'®s hawks (over 53 per cent} than to the other
raptors for which food habits data were available, The most
common prey species was the lark bunting (22.86 per cent),
although the western meadowlark and horned lark accounted for
14,30 and 9.51 per cent of the total prey, respectively.
Birds were taken primarily as fledglings, but it was not
uncommon to find adult avian prey in Swainson's hawk nests,
The thirteen~lined ground squirrel was the most important
mammalian prey, although cottontails, deer mice, and northern
pocket gophers were all taken more than 5 per cent of the
time., Nearly all lagomorphs were subadults, often very young.
Swainson's hawks took a wider variety of prey (16
species in all) compared to the other diurnal raptors,
Ferruginous hawks and golden eagles took 11 and 9 species,
reagpectively. The Swainson's hawk was the only species noted
to take amphibians and reptiles on the Pawnee, although
Weston (1969) reported several reptiles in ferruginous
hawk nests in Utah.

Great Horned Owl., These large owls preyed largely

upon mammals, primarily because none of the avian prey
species were nocturnal., Thus, important prey included

eottontails and northern pocket gophers, with fewer numbers
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of Ord's kangaroo rats, jackrabbits and voles (Microtus
ochrogaster and M. pennsylvanicus) being taken. All other
prey species were found in great horned owl nests only
incidentally. Note that the thirteen-lined ground squirrel,
‘a diurnal mammal, was not found in great horned owl nests.
Marti (1970) did not report a single occurrence of this
ground squirrel among 2,288 prey items from great horned owl
pellets. Simultaneous pellet analyses during the present
gtudy would probably have revealed higher percentages of
deer mice, grasshopper mice and voles in the great horned
owl diet. In spite of the heavy reliance on gophers and
cottontails, note that the great horned owl diet was nearly
as diverse (15 species) as that of the Swainson's hawk.

Golden Eagle. The largest of the raptors on the Pawnee
also relied heavily on mammalian prey; over 87 per cent of
which were cottontails and jackrabbits. In addition %o
rabbits, only thirteen-lined ground squirrels and ring-
necked pheasants occurred more than 1 per cent of the time,
showing nearly a 96 per cent reliance on 4 prey species.
Golden eagles apparently had the least diverse diet of the
large raptors for which data were available, although the
likelihood of small prey items being missed was always
present.

All Speeies Combined. With regard to numbers, cottontail
rabbits were preyed upon most heavily, accounting for about

28 per cent of all prey. Thirteen~lined ground squirrels

(16.64 per cent), jackrabbits (12.81 per cent) and northern
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pocket gophers (10.34 per cent) also accounted for ﬁore than
5 per cent of the collective large raptor diet. Important
avian prey included the three most common sgpecies, namely
western meadowlarks (6.52 per cent), lark buntings (6.07 per
cent) and horned larks (4,94 per cent). Overall, about
three-quarters of the impact of raptors on prey population
numbers was on mammals (74.84 per cent). Note the similar
mammalian to avian prey ratios for ferruginous hawks and

for all species combined.

In general, larger raptors took more mammals and fewer
birds as prey (Figure 10). This was the result of at least
two complementary factors. First, the mammal population
averaged a greater weight per individual than the bird
populations, and large raptors selected larger pfey. This
wag substantiated by the data in Table 20. Second, partly
as a result of the first point, smaller avian prey species
were more vulnerable to predation by small raptors. The
latter are, as a rule, more agile than large raptors. This
was also supported by the data in Table 20, at least
circumstantially, in that the diversity of the diet of the
diurnal raptors increased as the size of the raptor decreased.

The relationship shown in Figure 10 held only for the
diurnal raptors, including burrowing owls (data from Marti,
1970). The nocturnal owls preyed more heavily on mammals,
particularly the nocturnal mammals. It is quite prqbable

that data collected for diurnal raptors in other ecosystems

will not fit the trend line shown in Figure 10, Similar



B ‘iz 8Td4e] woJay sisee
“oOpT08 = 4 pUB PAMEY SNOUTENAAS] = J PIMO pauaoy pmwhh = Ir tymey m.:omch;n
= ) *(CLO6T ‘3Bl woal Tmo peudoy 1ed8 = mn PUB ITMO UJEBq = ] !TMmO Umhmw
-8UOT = T #IMO SUTMOIJIRg = g) *0OpBJIOIOG LSmPoM¢;upoc Ut 839Ip salloedsead J19yj
Ul STewWuew Jo sedejusdasd 94y} pue SI03deBI JO 9218 Apoq useamiag dTusSuoT3IBIS®I BYT

4

iieg € Jo 3Iybiam
000V 000¢ 000¢ 0001

‘07 8JaNFTJ

°fo

S|RWWBIN

1910 ul



143

plots should be made only with data collected on several

sympatric species exposed to the same general prey base,

Comparison of Raptor Biomass with the Biomass of the Prey Base

Thorough analyses of predator-prey relationships on a
biomass basis will be made in a subsequent IBP Technical
Report. The present discussion will compare raptor biomass
(adults only) with non-raptor avian biomass and rodent
biomass on the 4l4-3q mile study area in 1971 and 1972
(Table 21). Biomasses are averages for all gfazing treatments
for the spring and summer months only.

Non-raptor avian biomass was between 62 (1972) and 95
(1971) times greater than large raptor biomass., Rodent
biomass was over 200 times the raptor biomass duriﬁg both
years.,

The data presented in Table 21 suggest that the prey
base was not a limiting factor on raptor populations in
either 1971 or'l9?2. In very general terms, large raptors
remove food from the ecosystem equal to an average of about
8 per cent of their body weight per day during the spring
and summer months (Craighead and Craighead, 1956).. During
the 152 days from 1 April through 30 August 1972, the
125 g/100 ha of adult raptors removed food equal to about
12 times their own biomass. Each young bird produced during
the breeding season (57 g/100 ha) removed about 5.0 times
the biomass of an adult in food through 45 days of age

(Olendorff, 1971). Together, adults and young removed about
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Table 21. Comparison of raptor biomass with biomasses of
grouped components of the potential prey base.
The inputs to the ratios are g/100 haj; the
ratios are unitless.

Ratio 1971 1972
Non-raptor Avian Biomass 10143 _ o 7697 - 42
Raptor Biomass 107 125
Rodent Biomass 30000 _ »gp 28300 _ 5.4

Raptor Biomass 107 125
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2,145 g of food per 100 ha or about 6.0 per cent of the
combined non-raptor avian and rodent biomasses (2145 f

(7697 x 28300) x 100 = 5.96 per cent), Similar calculations
for 1971 showed that the large raptors on the 4l4-gq mile
study area took only 3,8 per cent of the non-raptor avian

and rodent prey (1526 (10143 + 30000) x 100 = 3.80 per cent).

It should be pointed out further, in support of the
aforementioned suggestion, that cottontail rabbits,
jackradbbits and northern pocket gophers were not included
in the ecalculated prey base. These exclusions were necessary,
since the population densities of the species listed were
unknown for 1971 and 1972. The combined biomass of lagomorphs
and gophers would contribute considerably to the prey base
because of their large sizes. Ugsing 1970 hare densities
(Donoho, 1971) as an example, addition of black-tailed and
white-tailed jackrabbits alone could nearly double the prey
base. The indirect calculations for food consumption by
the raptors are valid regardless of the size of the prey
base., Thus, the addition of rabbits and gophers would
decrease the per cents of exploitation of the prey base

gignificantly.
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FURTHER DISCUSSIONS

Importance of Interspecific Differences in The Nesting
Phenologies

At least three species of large raptors (great horned
owls, Swainson'®s hawks and ferruginous hawks) compete for
nest sites in northeastern Colorado. Tﬁe degree of overlap
of nesting habitats was shown elsewhere in‘this report
(Table 16). For example, the probability of Swainson's
hawks nesting in a tree in a creek bottom was 0.66
(calculated from Tables 16 and 17). The probabilities of
great horned owls and ferruginous hawks doing the same were
0.69 and 0.24, respectively. The probabilities of the three
species (in the same order) nesting in trees in unbroken
grasslands were 0.30, 0.06, and 0.41, respectively. The
most overlap of nesting habitat in creek bottoms was between
Swainson's hawks and owls, while in unbroken grasslands the
significant overlap was between the two buteos.

Great horned owls began nesting about 37 days before
ferruginous hawks and 64 days before Swainson's hawks (Fig., 4).
In general, ferruginous hawks laid eggs as great horned owls
hatched; Swainson®s hawks laid eggs as great horned owls
fledged. Of all nest sites available, great horned owls
had first choice, ferruginous hawks had second choice and
Swainson®'s hawks took those that remained. It is also
relevant that great horned owls do not build their own

nests. They used either sand-covered ledges on cliffs or
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creek banks, or nests bullt by other species such as buteos,
eagles, magpies and crows.

Three nest sites existed near the IBP Pawnee Site and
the Central Plains Experimental Range. The apparently preferred
gite was near a windmill with a small group of trees which
obtained water from the overflow of the windmill. This site
not only had larger trees than the other sites, but it was
also isolated (by federal no-trespassing signs) from constant
interference by man. The second gite consisted of a few trees
near a long abandoned farmstead, not far from a windmill and
only 50 ft from a well-travelled dirt road. The third site,
apparently the least desirable, was about 20 ft from a
similar gravel road and consisted of fewer, smaller trees.
The three sites were roughly in a nbrtﬁ?outh line about 1%
miles long, with the "preferred” site on the north end and
the "least suitable™ site on the south end.

In 1970 great horned owls did not nest at any 6f the
sites. Ferruginous hawks nested at the preferred site, and
Swainson's hawks used the middle site. The least desirable
site was vacant. In 1971 great horned owls, the earliest
nesters, occupied the preferred site. Ferruginous hawks
nested at the middle site, while Swainson's hawks, the
latest nesters, used the least desirable site. All were
successful, In 1972 great horned owls nested at the middle
site in the nest used two years earlier by Swainson's hawks,
Presumably there was no adequate stick nest at the preferred

site, since the young owls virtually destroyed that stick
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nest in 1971. A pair of ferruginous hawks were observed
perched near the preferred site several times in 1972, but
no attempt was made to repair the nest. An apparent non-
nesting pair of ferruginous hawks was observed in the area
throughout the summer of 1972. Swainson'®s hawks again used
the least preferred site and, like the owls, suécessfully
fledged young in 1972.

In another case of this type Swainson's hawks used a
preferred site in 1970 when ferruginous hawks did not nest
in the area. In 1971 ferruginous hawks nested at the preferred
site, and the Swainson's hawks were forced to a tree near a
road. Their newly constructed nest was blown out of the
tree. The ferruginous hawks fledged three young. In 1972
ferruginous hawks were absent and Swainson® hawks again
nested at the preferred site and fledged 3 young.

The suggestion is that there is an advantage to early
nesting, at least with regard to nest site choice. It is
interesting to note that the overall nest successes of the
three species (1970-72) decreased in the temporal order in
which they nested. Great horned owls successfully fledged
at least one young 74.0 per cent of the time, while
ferruginous hawks and Swainson's hawks did so 69.8 and S5k.6
per cent of the time, respectively (Table 8). These may or
may not be statistically significant differences, but the
trend is evident. Factors such as the flimsiness of nests

built by Swainson's hawks and the high frequency of destructive
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winds on the Pawnee add to the disadvantage of being forced
to use the least desirable nest sites.

It is clear that late nesting species were at times
"forced” to use less desirable nest sites than they would
use normally. The best examples involved great horned owls
and Swainson's hawks. Young owls often fledged as the adult
hawks established territories. Occasionally Swainson's hawks
had to evict owls from a small group of trees in order to nest.
The constant harrassment by the hawks seemed to have a
negligible effect on the owls, but in one such case in 1971
the nesting attempt of the Swainson's hawks failed in the egg
stage. At the same nest in 1972 the young owls were shot
about one week before fledging. The Swainson's hawks
successfully raised young about 30 feet from the owl nest,
even though the adult owls remained nearby and one dead owlet
dangled over the edge of its nest. In another elose nesting
of these species the hawks laid only one egg (2.32 eggs was
average), and the single young hawk was finally fledged quite
late in the season.

Circumstantial evidence of the importance of interspecific
competition was provided by the greater nest success of
Swainson's hawks in 1972 following relatively poor nest
Success by ferruginous hawks and great horned owls. Nest
Ssuccess of ferruginous hawks on the 414-sq mile study area
decreased from 70.0 per cent in 1971 to 50,0 per cent in 1972.
Nest success of great horned owls decreased from 83.3 to 30.8

per cent, During the same years Swaingon's hawk nest success
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increased from 33.3 per cent to 70.6 per cent. Many non-
nesting pairs of owls were observed in 1972. Apparently,
when the Swainson'®s hawks arrived, there was less conflict
with the other species. In at least 7 instances in 1972,
Swainson's hawks utilized unoccupied ferruginous hawk
territories or great horned owl territories occupied by

non-~nesting pairs.

The Effects of Weather

Mean monthly temperatures from June 1970 through
September 1972 are plotted in Figure 11, All available
precipitation amounts are also shown. In general, 1972
wag warmer and drier from February through May than during
the same months in 1971. Mean monthly teﬁperatures were
higher in 1972 by the following numbers of degrees:
February--4.,1 C (7.4 F), March--5.7 C (10.3 F), April--
1.3 C (2.3 F), and May--2.3 C (4.1 F). January and June
temperatures were comparable in the two years. Major
rainfall did not occur until 6 June 1972, wﬁile rainfall
came earlier by several weeks in 1971. Rainfall was far
below the CPER 30-year means for March, April and May in
1972. June is normally the wettest month at the Central
Plains Experimental Range, but lMay runs a close second.
Rainfall in June 1972 was about triple the 30-year mean.

Abiotic Variables and Year-to-year Intraspecific

Differences in Nesting Phenologies. It was shown above that

the raptorial species which wintered in temperate zones,
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arrived in northeastern Colorado in February, March and
early April and then nested, laid eggs one to two weeks
earlier in 1972 than in 1971. In addition, most of these
species showed greater asynchrony of nesting in 1972 than
in 1971. The data illustrated these trends for some
species better than others. Earlier nesting in 1972 was
shown best for ferruginous hawks (Fig. 6}, prairie falcoﬁs
(Figs 9) and great horned owls. Agynchrony of nesting was
best illustrated by the same species (see Ceneral Congiderations).

On the other hand, the Swainson's hawks which wintered
in the arid regions of South America and arrived to nest in
northeastern Colorado from mid-April to early May did not
nest earlier or show greater asynchrony of nesting in 1972
relative to 1971.

I am not prepared to attribute these differences in
nesting phenologies to any particular abiotic variable.
The year-to-year differences in temperature and precipitation
suggest cause-and-effect relationships, however. It is
possible that higher population levels of thirteen-lined
ground squirrels and Ord's kangaroo rats in April 1972
compared to March 1971 (Grant, pers. comm.), led to earlier
nesting by several of the raptors. High mammal numbers
probably would not lead to asynchrony of nesting. Further-
more, as shown above, it is unlikely that prey population
levels limited raptor population levels or altered raptor

behavior in 1971 or 1972,
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The mammals which were in high numbers in April 1972
were mammals particularly adapted to xerie environments.
Warm, dry weather early in 1972 may have lowered winter
mortality of mammals in general and surely did hasten the
end of hibernation by thirteen-lined ground squirrels,
Nevertheless, the data suggest that mammals and raptors
responded to abiotie variables, not to population levels and
behaviors of each other.

Wind Destruction of Nests and Eggs. The heavy rains

of May and June in northeastern Colorado are typically
accompanied by gusty or continually strong winds. The fact
that Swainson's hawks build relatively loose, precariously
placed nests, often in the least desirable nest gsites, has
been alluded to previously. Such nests and their contents
are very vulnerable to wind caused destruction.

In 1970, Swainson®s hawks were hit very hard by 5 days
of strong and gusty winds between 27 June and 1 July, a time
when eggs were in the late stages of incubation or newly
hatched. Nearly one-third (6 of 19) of the known nests were
definitely destroyed by the wind during those 5 days. The
nests were all tipped (not necessarily completely blown out)
and 13 eggs and young were found below nests. In one case
the whole nest tree, a living cottonwood in a healthy grove,
was felled,

Accurate quantification of the extent of wind damage
was not possible in 1971 or 1972, but in 1971 there were

gusily or strong winds on 24 days in May, June and July.
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The failure of 5 out of 37 Swainson®s hawk nests {(13.5 per
cent) was definitely attributed to wind damage that year.
In 1972, gusty or strong winds occurred on only 8 days
during May, June and July, and only 3 out of 67 nests (4,5
per cent) definitely failed due to the wind, Many nests
which failed for unknown causes, particularly those where
only eggshells were found on the ground, probably were also
destroyed by the wind.,

Thus, in addition to the low potential for interspecific
competition in 1972, the pausity of damaging winds also appar-
ently contributed to the higher fledging success (Table 5)
and higher nest success (Table 8) of Swainson's hawks compared
to 1970 and 1971,

The Beneficial Effects of Shading and/or Remoteness of Nest

Placement

The flerruginous hawk was the most versatile species on
the PNG with regard to nest placement (Table 17). Most nests
were in trees, but even tree nest sites varied considerably,
particularly with regard to the amount of shading afforded
the nest. In IBP Technical Report 151 (Olendorff, 1972b) a
lower producti#ity of ferruginous hawks in unshaded as opposed
to shaded nests was noted. Another year's data and analysis
of twice as many nestings have allowed more detailed'defini-
tions of the relationships involved and have significantly
altered the preliminary suggestions.

The 43 nests for which adequate data were available

(1970-72) were first divided into three categories: 1) nests
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in trees which afforded shade during the warmer portion of

the day, 2) nests in dead or sparsely leafed trees which gave
little or no shade to the nests, and 3) unshaded nests on flat
ground, erosional remnants or creek banks (Table 22)., If a
nest was destiroyed by wind or human interference, the fledg-
ing success of that nest was not included in the calculations.,
Such exclusions (3 in all) did not change the conclusions,

but did allow better expression of the apparent relationships.

Clutch size in trees which afforded shade to the nests
(3.50) was 21.5 per cent greater than in all unshaded situations
combined (2.88), and 30.1 per cent greater than in unshaded
tree nests (2.69) (Table 22). Similar relationships were
evident for maximum brood size and fledging success. The
probability of an egg hatching was also greater in shaded
nests (0.908), but the probability of fledging if hatched
was slightly greater in unshaded nests (0.967 as opposed to
0.922). All this resulted in a higher probability of fledging
at egg laying in shaded (0.838) rather than unshaded (0.,722)
nests.

These findings suggest that direct suniight in ferruginous
hawk nests was detrimental to overall nesting success. It
might be expected a priori that the probability of hatching
would be greater in shaded nests, since overheating is much
more damaging to eggs than periodic ecooling. It is also
reasonable that sunlight might be an advantage to developing

young birds, assuming ferruginous hawks are less prone to

heat prostration than other species (e.g., golden eagles).
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Nevertheless, the 21.5 per cent difference in cluteh size,
which had to be establisbed each year long before the trees
had leaves, was not expected. The above relationships may
in fact exist, but the reasons given for the differences may
be incorrect.

Sample sizes prevented a detailed analysis of the effects
of man's current activities on the nesting performance of
ferruginous hawks. (The next section involves such an
analysis for Swainson's hawks.) Nevertheless, it was known
that ferruginous hawks usually nested in more remote, less
conspicuous places than Swainson's hawks. OFf the 43
ferruginous hawk nestings used in the above analysis, 31
(72.1 per cent) were in remote or otherwise inconspicuous
places. The easily accessible nest sites were apparently
less desirable, presumably due to the disturbance of the
general public, In addition, more unshaded nests (34.6
per cent) than shaded nestsz (17.6 per cent) were easily
accessible,

An analysis of the effect of accessibility of nests on
the nesting performance of ferruginous hawks showed that
clutch size was about 14.5 per cent greater at remote nests
(3.23) than at nests easily accessible to the general public
(2.82) (Table 23)., The probability of fledging at egg
laying in remote nests (0.808) was 24,5 pef cent greater
than the same probability in easily accessible nests (0.649).
Thus, the differences in clutch sizes, probabilities, and

other nesting parameters in shaded and unshaded nests may be
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attributable, instead, to the accessibility (i.e. the
disturbance) of the nests. The high incidence of nest
desertien by incubating ferruginous hawks and the general
secrecy of their habits corroborate the detrimental effect
of easy accessibility.

The beneficial effect of shading cannot be totally
dismissed, however, since direct human interference is more
likely to cause total rather than partial nest failure.
Hatching is a period when high temperature or low humidity
(exposure) may cause a high incidence of embryonic mortality.
Much of the mortality of ferruginous hawk eggs on the PNG
involved a failure in late incubation of only 1 or 2 eggs
of a 3- or U-egg cluteh. In 1971 when much of the embryonic
mortality was noted ferruginous hawks hatched during the
first extended warm spell of the summer. Any detrimental
effect of a lack of shading may have been maximized by the
synchronous nesting of all ferruginous hawks in 1971,

The Effect of Man's Current Activities on the Nesting

Performance of Swainson's Hawks

Analysis of the effects of current land use was limited
to Swainson's hawks, the species for which sample sizes
were largest. It was assumed that the same general findings
would follow from analyses involving all tree nesting species.
Apparently, Swainson's hawks nesting on the PNG in 1971 and
1972 had a slight advantage over those nesting on private

land (Table 24, Part A). Nest success was 57,9 per cent on
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Table 24, Details concerning nest and fledging successes of
Swainson's hawks on the 1,000-sq mile study area
in various situations related to man's current
activities. 1971 and 1972 data combined.

No. of Nests Nest Young Fledged
Category (% of Total) Success Per Nest

A, Land Use Near Nests

Private 85(81.7%) Lg,5% 1.11

Pawnee Nat. Grassland 19(18,3%) 57 .9% 1.16
B. Accessibility of Nests

Posted or Remote Lo(47,.1%) 55.2% 1.24

Free Access 55(52.9%) 47.3% 1.00
C. Proximity of

Negts to Roads

Near Road 72(69.2%) 55.6% 1.26

Not Near Road 32(30.8%) 40 .6% 0.78
D, Types of Roads

Near Negts

Improved 38(52.8%) L7 .4% 1.11

Unimproved 34 (47 .2%) 68 .8% 1.44
E. Accessibility of

Nests Near Roads

Posted 24(33,3%) 66.7% 1.62

Free Access UR(6647%) 50.,0% 1.08
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the PNG, compared to 49.5 per cent on private land. The
difference in fledging success was very small, however, and
only 18.3 per cent of all Swainson's hawks on the 1,000-sq
mile area actually nested on federal land.

A beneficial effect of limiting access to Swainson®s hawk
nests was evident (Table 24, Part B). In most cases access
was limited by posting the land with “no trespassing® signs,
but in a few cases remoteness provided an adequate buffer,
Nest success and fledging success were 52.2 per cent and
1.24 young fledged per nest, respectively, in posted or
remote areas, while on land with free access the game
parameters were 47,3 per cent and 1,00 young fledged per nest.
The number of nests at which access was free was nearly
equal to the number with l1imited access. It is possible
that over the years the free access policies of the U. S.
Forest Service on the PNG will actually be detrimental to
nesting, a fact which was not manifest in 1971 and 1972
(Table 24, Part A) due to the small number of nests actually
on the PNG,

Northeastern Colorado is extensively parcelled into
sq-mile plots by section line roads. In addition to improved
gravel and paved roads, there are many miles of trails used
by farmers and ranchers. Some of the latter are private and
posted. Since nearly all abandoned farmsteads are near roads
and trails, and since many creek bottoms are paralleled by

trails, it was not surprising that nearly 70 per cent of all

Swainson's hawk®'s nested near raods (Table 24, Part C). Both
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nest success and fledging success were considerably greater
near roads, an unexpected result. Fledging success, for
example, was about 62 per cent greater near roads than away
from roads.

It made a difference, however, if the nearby roads were
improved (38 nests) or unimproved (34 nests) (Table 24, Part
D). Nest success and fledging success were lower near improved
roads than near unimproved racds., It was also important,
partieularly near roads, whether or not the nest was on
posted land or land with free access to the public (Table 24,
Part E). Only one-third of the nests near roads were on
posted land, but these nests produced exactly 50 per cent
more young per nest (1.62) compared to nests on land with
free access (1.08), This suggests that posting all land with
raptor nest sites during the nesting season would be a
fruitful management practice by private land owners and the

administrators of the PNG,



(The proper citation of the following section of this
report is as follows: Olendorff, Richard R., and John W,
Stoddart, Jr. 1973. Suggested future research toward
effective raptor management. In: The ecology of nesting
birds of prey of northeastern Colorado. By Richard R.
Olendorff. U.S. IBP Grassland Biome Tech, Rep. No. 211.
Pages 163-211,)
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SUGGESTED FUTURE RESEARCH TOWARD EFFECTIVE RAPTCOR MANAGEMENT

The needs for further raptor research in northeastern
Colorado and parts of several other midwestern states fall
into several categories: 1) long-term studies of population
dynamics, 2) long-term studies of predator-prey relationships
(specifically rates of exploitation of prey populations),

3) field testing of both management and emergency conservation
measures applicable to birds of prey, and 4) long-term
management of existing populations of birds of prey. The
following suggestions involving such research (which resulted
from the studies herein reported) are the subject of a
proposal submitted to the National Science Foundation (NSF
Identification Number P3B0566-000) by the Department of
Fishery and Wildlife Biology, Colorado State University
(Richard R. Olendorff, Principal Investigator; Drs. Gustav

A. Swanson and Ronald A. Ryder, Faculty Associates).

The parts of this proposal which have not been included
in earlier sections of the present paper are included here
in fulfillment of the desires of the Colorado Division of
Wildlife for such suggestions. Furthermore, in that raptor
management is a much discussed endeavor at the present time,
this information is of interest to many biclogists working
with raptors, as well as with other species of animals which
now or in the future may need management. In general, the

proposal has been edited only to put it into a more readable
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form for presentation here, The contribution of John W.
3toddart, Jr., who helped develop several of the suggestions

is gratefully acknowledged.

Summary of Suggested Research

This section represents the ideas of several blologists
who are concerned about the global declines in populations
of birds of prey. If present trends continue and widely
applicable conservation and management technigques are not
developed in the next decade for falcons, hawks, eagles and
owls, many species throughout the world will be regionally
extirpated and, perhaps, forced to extinction. No fewer
than 20 species and subspecies of diurnal and nocturnal
raptors of the world are now considered by the U.5. Bureau
of Sport Fisheries and wWwildlife to be in danger of extinction.
The peregrine falcon, the osprey and the bald eagle have so
decreased in numbers throughout most of their ranges that
goon even emergency conservation measures may not spare them
the perilous status of the California condor and the Florida
Everglade kite, It is already late to begin assisting some
threatened species of raptorial birds.

0f the nesting birds of prey of the shortgrass prairie
and the foothills of the Rocky Mountains in northeastern
Colorado some are endangered, some are substantially reduced
in numbers, some are locally persecuted, and others are
common and in no apparent danger. This wealth of dissimilar

species and the problems they encounter provide a perhaps
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unique opportunity for basic and applied research to develop
the necessary management and conservation techniques, as well
as attendant knowledge of raptor population dynamics.

To achieve this goal we suggest the following research:
1) a five-year, year-round basic study of raptor and prey
populatior dynamics on a 1000-sq mile control study area
and on an equally large experimental study area, and 2) a
multifaceted applied study of methods to increase populations
of birds of prey on the experimental area. The latter should
involve a) construction of artificial nest-sites and other
techniques to allow more efficient utilization of the grassland
ecosystem by birds of prey, b) general habitat and existing
nest-site improvement, c) experiments to avert numerous types
of nesting failures, and 4) experimental efforts to increase
annual productivity, for example by clutch size manipulations
during egg-laying and by captive breeding followed by
reintroduction of captive-bred young into the wild., Pilot
reintroduction experiments of the kind suggested should
precede any attempts to re-establish decimated raptor
populations or to revitalize remaining, non-viabtle populations
with new breeding stock (a much discussed program at present).
In addition, a thoroughly researched set of guidelines should
be developed for state, provincial, national, and international
agencies and organizations to follow in their attempts to
manage and conserve birds of prey as a valued natural resource.

The methods used during the suggested study should includ?

the newest and most effective techniques applicable to basic
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field research in ornithology. Crude rather than ecological
nesting densities should be determined. All population
information should be computerized for rapid retrieval and
analysis. Radio-telemetry should be used to determine the
sizes of home ranges and winter territories of a number of
species. Sampling procedures developed by the IBP Grassland
Biome Project should be followed in studies of predator-
prey relationships. Pesticide analyses should be conducted
in a fully equipped laboratory. Time-lapse cameras are
available, as is excellent veterinary and avian science
consultation, in support of captive breeding efforts involving
gseveral different species.

Support for the proposed study, both direct and indirect,
would result in considerable interagency cooperation and a
mutual understanding of this current ecological problem by
biologists, conservationists, wildlife management officials,
and the general public. Further cooperation from the private
land owners in the study areas assures very desirable liaison
between the participants of the study and those agriculturists

who would directly benefit from the research.

Objectifés of Suggested Research

1) To study raptor and prey population dynamics for five
years (or more) on two grassland study areas in north-
eastern Colorado;s
a) To compare population levels and interactions of avian

predators and their prey on a 1000-s8q mile control




2)

3)

To
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study area where only population studies would be
conducted, with corresponding population dynamics
and predator-prey relationships on an experimental
1000~sq mile study area where attempts would bé
made to increase raptor populations;

To determine long-term trends in the crude nesting
densities, annual productivity, and migrétion and
wintering population levels of grassland birds of
prey1

develop widely applicable management techniques for

raptorial birds directed, primarily, toward increasing

existing raptor population levels:

a)

b)

To
or

a)

To provide artificial nest sites and to improve
natural nest sites for birds of prey to allow more
complete utilization of habitat and prey resources;
To avert nuﬁerous types of nesting failures such ag
wind-caused nest destruction and human interference;
develop emergency conservation measures for threatened
endangered species of raptors;

To research methods of increasing annual productivity
of selected species in the wild by clutch-size
manipulations during egg-laying;

To assist, on a local basis with local birds, the
continent-wide attempt to develop methods of

breeding birds of prey in captivity;

To provide a reintroduction locale and to reintroduce

captive-bred young into the wild by foster parentage
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and other methods, through cooperation of researchers
involved in the study herein suggested with personnel
at other local and distant centers of captive
propagation activity:
d) To determine if captive-bred raptors and raptors held
in captivity for long periods of time can become
part of a breeding population; and
4) To develop, in cooperstion with other researchers of
raptor management and conservation techniques, guidelines
for state, national, provincial and international
agencies and organizations to follow in reaching decisions

concerning avian predators.

Population Dynamics

The theoretical aspects of animal population dynamics have
been thoroughly debated since the importance of density-
dependent factors was stressed by Nicholson (1933). Publica=-
tiong disputing the importance of density-dependent factors
(Andrewartha and Birch, 1954; Andrewartha, 1961) and accepting,
but modifying, Nicholson's theories (Lack, 1954; Wynne~
Edwards, 1962) éave added considerable impetus to what Lack
(1966) calls "a three-cornered argument on population theory".

Preliminary ﬁopulation study of the birds of prey of the
PNG (Olendorff, 1972b; Olendorff, this report) compared with
IBP bird and mammal population studies (references cited
elsewhere) lead to the speculation that availability of nest

gites, a density-independent factor, may ultimately limit
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the size of nesting populations of all raptors present in
northeastern Colorado during the summer months. Food, at
first glance, is not considered to be limiting (Olendorff,
this report).

Odum (1971, p. 195) makes the following statements "In
low-diversity, physically stressed ecosystems, or in those
subject to irregular or unpredictable perterbations, popula-
tions tend to be regulated by physical.components such as
weather....* The shortgrass prairie is a "low-diversity,
physically stressed ecosystem,” which is stressed by extremes
of temperature, precipitation and wind. Such factors may,
in fact, produce situations where food is, at least, a
proximate limiting factor.

Long-term research is needed to sort out the factors which
limit raptor populations in the study areas and the relative
importance of each factor. Such considerations will give
direction to management efforts with birds of prey. Studies
of raptor population dynamics and predator-prey relationships
suggested below would show, for a large group of raptors,
whether availability of nest sites and/or weather are limiting
and whether density-dependent factors such as reproductive
rate, nestling starvation, or intraspecific confliect are also
important. The results of the suggested study would lend
support to or dispute each of the three divergent theories
of population dynamics. Furthermore, an analytical bonus

would be provided by the study design, a design which allows
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comparisons of research conducted on an experimental area
with appropriate, supportive research conducted on a “control”
study area (see below).

Nesting Densities and Annual Productivities. The

feagibility of determining crude nesting densities (pairs per
unit total space) and ecological nesting densities (pairs per
unit of suitable habitat space) of the large birds of prey

in vast areas of shortgrass prairie is already known, Like;
wige for productivities of the same birds. Previous studies
on the PNG included successful attempts to find, in 1971,
virtually all of the large raptor nests on a 4lb-sq mile

area (Olendorff, 1972b) and, in 1972, on a 1,000-sq mile area
(Olendorff, this report).

Similar basic population studies should be conducted in
several steps during the study herein suggested: 1) a mile
by mile search for active nests should be made each year on
a 1,000-8q mile area (minimum size) in the northwestern
corner of sweld County, Colorado, where management and
conservation techniques (see below) are to be field tested
(see Fig. 12). This area includes the IBP Pawnee Site, the
Central Plains Experimental Range, the entire western portion
of the PNG, one large and several smaller creek bottoms, and
a major line of cliffs. Such search would yield data on
the number of pairs and biomasses of adults of each species
per unit area at the beginning of the nesting season.

2) During the weeks after hatch,  the nests should again be

vicited to band and color mark the young, to remove addled



(*7m g sTenbe ‘uy ) °pPIIWUTPIOOD 2q TITA YDIEOSIX Y] 2A9ym
SUTT{0D 3ao4d 03 dyysuoyieTea Ifayz Supmoys seass Lpnis TOIJUCD puw TeIuewiladxe Igy *ZT SanITyH

— e

.,._ W) W

AU ) unissoy P

3

A

e
Ve g

HOUN30K




172

eggs for pesticide analyses, to locate "runts” and diseased
birds, and to detect predation, wind destruction and other
causes of nest failure. 3) The nests should be visited a
third time as the birds are fledging to determine nest
productivity and to obtain fledging weighte for caleulations
of productivity per pair and biomass production per unit area.

This basic population study should be conducted during
evéry year of the project. It would be an unprecedented
study except for the preliminary work of Olendorff (1972b
and this report), since crude and ecological nesting densities
of a group of raptorial birds would be determined simultaneously
on a large area over a period of several years. The results
of such study would allow meaningful calculations of predator-
prey biomass relationships and would, as mentioned above,
enhance the evaluation of the management studies (see below).
In fact, the success of the management techniques to be field
tested could not be evaluated without knowledge of crude and
ecological nesting densities. Therein lies one of the most
important conceptual bases of the study herein suggested.

Data collected in 1971 and 1972 (Olendorff, 1972b, and this
report) would serve as base line population levels,

As a "control®™, a similar population s8tudy should be
conducted on a 1000-sq mile area (minimum size) in north-
eastern Weld County, Colorado, contiguoug with, but not
overlapping, the area where the management techniques
would be field tested (see Fig. 12). This area includes the

eastern portion of the PNG, several medium-sized creek bottoms,
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and cliffa comparable to those on the experimental area. In
fact, the major cliff-nesting species, golden eagles and
prairie faleons, occur in nearly egual numbers on the suggested
experimental and "control® areas. The "control” population
3tudy should also be conducted each year, although base line
population levels would have to be established during the

first year of the study. Study in the "control" area in

1371 and 1972 was not intensive, although about RO nest sites
were located.

All nesting population information should be computerized
to facilitate analysis using the nest site as the point of
reference. In 1970, 1971 and 1972 all nest sites were given
seven-letter codes indicating species, township, range,
section and quarter-section. The intention of doing so was
that if a long-term management study was ever done in the
area, the seven-letter codes could be converted directly
into FARTRAN variables for use in an information retrieval
gsystem and as a tool for analysis of population dynamics.

One of the first tasks during the study herein suggested
should be to computerize the occupancy records of all known
nest sites, including information on clutch size, productivity
and timing of the breeding cycle geing as far back as 1960

for a number of nests. The CSU computer center could be
utilized for this work, including the CDC 6400 and attendant
computer facilities,

Population Censusing During the Non-breeding Season.

Work on migrating and wintering raptors has lagged in



174

northeastern Colorado due to inadequate funding. The birds
of prey of the PNG have not been intensively studied from

1 October through 15 March, yet migran¥ and winter populations
may have an indirect effect on nesting populations through
the depletion of prey resources. It is virtually impossiblg
to determine crude densities of migrating and wintering
birds of prey on large enough land areas to adeguately
quantify population levels in all grassland habitats. If
one censuses a small area it is not representative of the
entire grassland. If one censuses a large area, say 144

8q miles, the census cannot be done quickly enough to avoid:
resightings, different activity patterns of the birds
depending on the time of day, and sudden changes in wind
conditions which are characteristic of weather on the
shortgrass prairie,

The above mentioned problems reduce the effective
censusing methods to the determination of relative ecological
dengities in different habitats during several consecutive
years., Such an approach would allow comparisons between
treatments and between years. Censuses should be made
every 1 to 3 weeks depending on the season along at least
three pre-determined routes from 15 August through 1 May
during each year of the study. In addition to the relative
densities, such censuses would yield follow~-up information
on the color-marked birds of the nesting populations which

may also winter on the study area.
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Raptor Mortality and Pesticldegs. It ls not a simple matter

to quantify mortality of wild birds. Mortallty 1s a eomplex
factor of population dynamics. Some of the mortélity factors
of the birds of prey of the PNG (as well as many other areas)
have been determined. Quantification, however, 1is almost
wholly lacking, gspecially on long-term basis. For example,
some data on wind destruetion of nests, avian predation on
hawk eggs, external parasites, incubation fallure, nestling
starvation, human interference and electrocution are in hand,
Yet far more documentation 1s needed over a number of years
in order to evaluate these factors. One must be able to
conslder the average effects of the mortality factors over

a period of séveral Years.

Mortality could be approached in at least three ways during
the study herein suggested. First, mortality factors should
continue to be deflned through field observations, Second,
each dead hawk, (embryos, nestlings, juveniles and adults)
encountered during the study should be examined and & cause
of death determined, if possible. Over the five-year perlod
scores of mortalities would probeably be encountered by the
regsearchers. 1In this way, one could ealoulate the relative
importance of the mortality factors, but not how the factors
relate to the resident populations. Finally, band réturns of
several hundred marked birds would probably be available for
analyslis. Eventually rough 1ife tables would be calculable

for populations of most raptors of the shortgrass prairie,
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but this would not be feasible for two to three decades
in most cases due to the life expectancy of the individuals
in the marked populations.,

One other need is to determine the effects of pesticides,
particularly on those species eliciting the most concern
of biologists and conservationists (e.g. prairie falcon,
golden eagle, ferruginous hawk, burrowing owl), and
species which migrate to countries which still use per-
gigtent pesticides extensively. (Swainson's hawks migrate
to South America). It must be determined if pesticides are
a limiting factor on raptor populations in the study area.

The approach to pesticides during the first two years
of the suggested study would be minimal, primarily involving
the collection of unhatched eggs for the analysis of
eggshell thinning. If thinning was noted, the contents
of all unhatched eggs would be analyzed for residue levels.
If high organochlorine levels are present, further studies
with statistical designs to eliminate biases should be
proposed. If no eggshell thinning, embryonic mortality, or
high residues are found in the raptors or in their avian
prey during these pilot investigations, pesticide gtudies
could be abandoned.

Determinations of Territory Sizes Using Radio Tracking.
Radio-location telemetry has proven to be widely applicable
to the study of birds of prey in the field (Dunstan, 1970
Dunstan, in press; Southern, 1964; Southern, 1965; Nicholls

and Warner, 1972; Cochran, 1972; and many projects now in
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progress). Radio tracking could be used for three separate
projects:t 1) determination of territory sizes during thé
nesting season, 2) determination of sizes of winter hunting
territories, and 3) post-fledging followup of reintroduced
captive~bred young and young birds which were produced in
the wild under natural conditions.

Since emphasis would be placed on determinations of
territory sizes of grassland species, the specifications
of the transmitters needed could be quite broad. Battery
life of two weeks would be adequate. Use of a pulsed
signal with a current drain of about 0.4 milliamps should
prolong battery life far beyond two weeks. Designs for
such transmitters, giving a range of 3 to 4 miles (more
than adequate for the study area), are readily available
(Mark Fuller, pers. comm.). Dependable transmitters are
also available for purchase (AVM Instrument Company,
Champagne, Illinois).

Several birds should be tagged during the nesting
season each year of the study, including, at least,
prairie falcons, golden eagles, ferruginous hawks and
Swainson's hawks. Only a few days should be required to
determine the home or winter range peripheries of each
bird., The mobility provided by section line roads and
other trails on the study areas should permit contact
with the birds almost on demand.

Determinatiohs of territory sizes for both nesting

and wintering birds, when correlated with population
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information, should allow more accurate evaluation of the
potential of the area for management., Considerations of
actual and potential densities (both crude and ecological)
should be possible. Radio tracking would alsoc yield
information concerning the post-fledging period of young
birds. This is a little studied portion of the raptor
life history, during which considerable mortality is
suspected te occur.,

Banding and Color Marking. Historical occupﬁncy of
nests and survival of specific adults at nests are important
indicators of the longevity of birds. Such information is
necessary if management is to be undertaken from the most
knowledgeable position possible, particularly since detailed
life tables are very difficult to construect for wild
populations. To study the survival of young and adults,
as many birds as possible should be color marked on the
study area. This work must be coordinated with the banding
program of the U. S. Bureau of Sport Fisheries and Wildlife.
The color-marking scheme should be advertised in regional
and national ornithological journals. Useful information
should feed back from federal band returns, observations
and recaptures on the study area, and from amateur and
professional ornithologists throughout the ranges of the
birds. Color marking should also yield data on the success
of captive-bred birds reintroduced into the wild (see below).

The value of color marking is questionable, since color

marks often fade or deteriorate in other ways resulting in
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loss of the tags. However, success with nesting populations
has been obtained with colored " jesses” on marsh hawks
(Hamerstrom, 1969, and pers. comm.), on several grassland
species (Olendorff, unpubl.), and with patagial wing markers
on golden eagles (Xochert, 1971) and ferruginous hawks
(Powers and Howard, pers. comm.). A new technique developed
in Europe (Picozzi, 1971) looks particularly promising'for
long-term nesting population studies. It is a type of
patagial wing tag which has been successful with hen harriers
(marsh hawks). A color-marking technique should be chosen
before the first breeding season of the suggested study.

In any event, federal bands should also be placed on
all captured birds, including nestlings. About 300 nestling
raptors have already been banded in northeastern Colorado
in recent years, and returns of Swainson's hawks from as
far away as central Argentina have been received (Ryder,
unpubl.). Knowledge gained about migration patternms,
territory, dispersal and on turnover within the populations
to be studied, as can be determined from banding and color-
marking studies, is worth the extra time and effort to mark

the birds.

Predator-Prey Relationships

The raptor management studies outlined in the next
section are based on the assumption that the availability of
nest sites, not food, is the prinecipal limiting factor of

raptor populations in northeastern Colorado. This assumption
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is made on the basis of preliminary anélyses using raptor
population data collected in 1971 (Olendorff, 1972b) and prey
population information provided by several IBP investigators
(e.g+ Grant, 1972; Strong and Ryder, 1971 Van Horn, 1972),
The assumption is supported by the dramatic adaptation of
the two dominant buteos in the area to nesting in man-created
situations following the exodus of farmers and homesteaders
40 to 50 years ago. In grassland which is unbroken except
for isolated erosional remnants, abandoned farmsteads and
abandoned ditches, 98 per cent of all Swainson's hawks and
68 per cent of the ferruginous hawks nest in man-created
situations (Olendorff, this report). These artificial nest
sites became the centers of occupied territories in epite
of 40 years of varying prey population levels and weather
conditions., |
Simultaneous monitoring of both predator and prey
populations has rarely been attempted in the past, although
where this has been done, particularly on a long-term basis,
significant results have been obtained (Hagen, 1969;
Korschgen and Stuart, 1972). On a short-term basis, the
research team at Rochester, Alberta, has been able to
describe rates of exploitation of certain prey species by
red-tailed hawks and great horned owls (literature cited
elsewhere). Similar concurrent avian predator and prey
population studies are an important part of the project

herein suggested.
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Furthermore, the study design, centered around experimental
and "control" study areas, should yield data permitting at least
partial resolution of the question of whether clutch size of
raptors is adapted to brood size, as optimized by parental
feeding ability. ZLack (1966, p. 309) makes the statement that
“the large prey on which large raptors depend are in general
much sparser than the small prey on which small raptors depend,
and that their respective clutch sizes have been adapted to
the availability of food for their young.” Amadon (1964)
supports this view.

Censusing Prey Populations. Considerable background
information on bird and mammal populations of the shortgrass
prairie is available through IBF, although that information
deals primarily with unbroken grassland. During the suggested
study, prey population levels should be determined for the
three remaining grassland habitats, namely cliff lines,
creek bottoms and cultivated land. The techniques to be
used should be similar to those used by IBP mammalogists and
ornithologists (Swift and French, 1972) where practical.

Small mammals, for example, are live trapped on a 12 x 12
grid of pairs of traps for five consecutive days at least
three times per year. All mammals are marked and released.
This is followed by five days of trapping, marking and re-
leasing on assessment lines. IBP investigators determine
densities of avian populations using the strip-census

method of Emlen (1971).
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The primary goal of the prey censusing studies would
be to gain an adequate understanding of animal populations
in all habitats on the shortgrass prairie which are foraged
by birds of prey, and to use that popuiation information during
the evaluation of the raptor management techniques and emergency
conservation measures described below. In this instance IBP
studies and studies herein suggested would be very complementary,
although not overlapping. As noted above, the predator and
prey population data would be useful to population theorists.

Direct Predator-Prey Interactions. The prey caught by

birds of prey should be analyzed and correlated with prey
population levels to determine if the raptors use the
different prey species in proportion to the abundance of
the latter. Data should be collected during routine visits
to nests by recording the prey items brought to the nests.
Additional food consumption data could be obtained through
observations of kills and birds eating carrion,and analyses
of pellets of indigestible material regurgitated by the
raptors.

The Potential for Management of Prey Species. We do

not suggest management of prey species at this time except
for a pilot prairie dog control experiment using perch poles
erected in prairie dog towns (see below). It is important
to note, however, that several IBP investigations have

shown higher populations of some major prey speciesg in areas
of light or no grazing pressure by large herbivores (cattle

and antelope). It is evident upon visiting fenced windmills,



183

for example, on the PNG, that these discontinuities of
habitat provide wildlife breeding areas. If food is found
to be a Yimiting factor of raptor populations on the PNG,
the potential exists for development of a scatter pattern
of exclosures, as has been done for prairie chickens
(Hamerstrom, Mattson, and Hamerstrom, 1957), to provide

nesting and breeding habitat for small birds and mammals.

Management Techniques for Raptorial Birds

There are many reasons why raptor populations are not
managed effectively in the United States. First, public
sentiment shifted very slowly to the cause of raptor pro-
tection because of the lack, until recently, of international
treaties whieh included birds of prey. General ecological
awareness (also of recent development) has played no small
part in the shift of public sentiment and the enactment
of the necessary legislation. The concept of birds being
barometers of environmental contamination has also given
the general public recent impetus and reason to protect
raptors.

The second reason raptor populations are not adequately
managed today is the overwhelming emphasis, both historically
and currently, on the management of game species. The
research dollar has been spent, for the most part, on species
which have recreational potential or negative effects on
agriculture. This is changing, however, with the development

of management programs in most states for non-game species.
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Birds of prey are sure to receive a fair portion of the
funding for these programs.

Finally, and perhaps most important, management of raptors
is difficult, if not impossible, today, because most previous
raptor research was not conducted with management aims in
mind., The distinction which needs to be made is between
raptor research aimed at managing populations of game animals
(which has received some attention in the past) and raptor
research directed toward or, at least, useful in managing
raptor populations (which has been neglected in the past).

The studies listed above under the headings "Population
Dynamics" and "Predator-prey Relationships" are essentially
basic studies seeking an understanding of raptorial birds
and their prey base in the shortgrass prairie in greater
depth than has heretofore been possible. Intensive raptor
studies conducted on the PNG in 1971 and 1972 and the on-
going population studies herein suggested would provide a
firm basis for experimentation with raptor management
techniques.

In general, the management techniques suggested for
development on the 1000«s8q mile experimental area include
1) increasing raptor populations by providing artificial
and natural nest sites to allow more complete and/or more
uniform utilization of the various grassland habitats, and
2) averting nesting failures of many types by nest site

improvement. Other techniques (which also may prove to be
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useful management measures in healthy populations) are
considered in the next section on emergency conservation
measures.

The only large scale raptor management program now
being conducted in North America is being sponsored by
the Canadian Wildlife Service. Under the direction of
Richard Fyfe much pioneering research is being done. The
types of study which are herein considered general management
of populations (as opposed to the emergency conservation
measures discussed in the next section), and which Fyfe mnd
his co-workers have pioneered, include 1) switching young
birds to the nests of the same and different species to
test certain possibilities of foster parentage (see below),
2) blasting or digging artificial holes in cliffs for
prairie falcons, and 3) erecting artificial nest platforms
for ferruginous hawks (Fyfe, pers. comm.). The extent to
which such research has been carried out in Canada will be
mentioned below.

Several points should be made concerning the overlap
in research strategies {or lack of same) between the study
herein suggested and that of the Canadian Wildlife Service.
First, there is need for international, cooperative research
in this field, since the problems involved are international
in scope. Migratory birds know no political boundaries.
Second, such cooperative research would allow comparisons

between two widely separated areas, one (Pawnee) a shortgrass

prairie and the other a combination of short-, mixed- and
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tallgrass prairies. Third, the Canadian research team is

not determining crude nesting densities of the entire

group of large raptors in an area., Biases exist, with some
exceptions regarding individual species and small areas, in
favor of birds nesting along riverbeds and birds nesting in
areas known to support high nesting populations. Furthermore,
Fyfe and his co-workers are not, for the most part, doing
intensive, simultaneous studies of prey populations as are
herein suggested. The Canadian Wildlife Service is progressing
on a broad pioneering front in the field of raptor management.

In short, the study herein suggested, in addition to
developing certain raptor management techniques, should
generate more theory regarding raptor population dynamics
~and predator-prey relationships than will Fyfe's studies.

This is an advantage for future study in the United States,
but it is neither a shortcoming nor a criticism of the
Canadian studies., The difference is in approach. In

Canada emphasis is being placed on the applied aspects of
raptor management. Iiere basic research complements applied
research in a manner which would not only develop management
concepts, but would also yield data to support, refute and,
perhaps, develop significant population theories.

Qutside of the two studies discussed above, only ospreys
and American kestrels have received noteworthy management
efforts in North America. Osprey research by Paul Spitzer
of Cornell University and several cooperating ornithologists

throughout the eastern United States has begun to show
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promising success with clutch-size manipulations. The
studies of Sergej Postupalsky in the north-central United
States (Postupalsky, 1968, and pers. comm.) have demonstrated
the effectiveness of artificial nest platforms for ospreys.

A high percentage of the man-made nest structures erected

in Michigan by Postupalsky and his co-workers are now used

by ospreys. A management plan primarily involving habitat
improvement for ospreys in the Deschutes National Forest

in Oregon has also been developed (Roberts, 1370).,

American kestrel population management has also been
tried. Hamerstrom and Hart (in prep.) increased kestrel
populations on the Buena Vista and Leola Marshes in central
Wisconsin from 3 to 12 pairs between 1968 and 1971 by
erecting artificial nest boxes. Heintzelman (1970) also
discusses kestrel nest boxes.

One major hypothesis of the study herein suggested is
that the availability of adeguate nest sites is the major
limiting factor of raptor populations in the area to be
studied. We anticipate that raptor populations would, on
the average, permanently increase after new nest sites were
provided up to a point when intraspecific competition for
adequate territories became limiting. This should occur
despite fluctuating prey populations, adverse weather
conditions, varying annual mortalities, and other faectors
not directly related to nest sites. The management techniques
described below, correlated with population studies described

above, should test this important point.
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Since raptor management can only be'approached at the
species level (although some of the techniques would be
applicable to more than one species), the suggested studies
are listed below species by species.

Ferruginous Hawk. There is apparently far more otherwise
suitable habitat on the PNG for ferruginous hawks to nest than
is being used due to a shortage of adequate nest sites to
attract the hawks. In general, nesting ferruginous hawks
are found along creek bottoms, in relatively inaccessible
areas, and in small tracts of the PNG with trees or rock
outcroppings. It is uncommon for this species to nest
near extensive cultivation, near well travelled roads, or
in rolling hills of pure grassland where no trees occur.
Indeed, the greater portion of the PNG and adjacent area
is unbroken grassland, or near roads and cultivated lands.

Of all the ferruginous hawks nesting in northeastern
Colorado, about 40 per cent nest in gituations created by
man, mainly those created by homesteaders and farmers who
left the area in the 1920's and 1930's (Olendorff, this
report). Over 68 per cent of the nests in essentially
unbroken grasslands are in man-created situatibns. These
nest sites are deteriorating as the trees planted at the
abandoned homesteads reach maturity and die or simply die
from the lack of water. Death of trees is hastened by
cattle which seek the shade of the trees or use them as
rubbing posts. 1In doing so they destroy the grass around

the trees and the wind blows the earth away. This exposes
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the trees' roots and, coupled with abrasion of the bark,
kills them. Many former ferruginous hawk nest trees have
disappeared and at least one-third of those remaining will
be felled by cows and/or wind within a decade.

The deterioration of nest trees has developed to the
point that wind-caused nest destruetion, even during the
nesting season, is becoming a serious check on productivity.
Two important points need to be made. First, the nesting
of the hawks in man-created situations indicates a potential
for management of the species. Secondly, all of the above
listed nest-site problems can be lessened or eliminated in
a number of wayss 1) by erecting artificial nest structures
as has been done for ospreys in Michigan (Postupalsky,
pers. comm,), 2) by fencing single trees and small groves
of trees where the hawks nest, and 3) by planting new trees
in small, fenced enclosures near semi-permanent water.

When one looks at a map of the ferruginous hawk nests
on the PNG and adjacent areas, it is readily obvious that
certain portions, often in blocks of over 100 sq miles, do
not support nesting ferruginous hawks at all., If these voids
are analyzed further, they can be attributed primarily to
cultivation or, in unbroken grassland areas, to a lack of
adequate nest sites. Cultivation destroys an area as far as
the nesting of ferruginous hawks is concerned, yet the potential
for nesting remains in unbroken grasslands. Apparently only

a discontinuity of habitat suitable for raptors to nest need

be provided.
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During the first several months of the suggested study
new nest sites should be developed for ferruginous hawks
on the experimental area by placing artificial nest structures
in typical nesting habitat for this species. An example of
one structure to be tried is shown in Figure 1% Others
might simply be platforms on the top of poles. Each nest
structure should be fenced, where appropriate, and two or
three trees should be planted inside the fences. As the
trees mature many years later, the artifiecial structures
could be removed leaving just the trees as a nest site. Since
ferruginous hawks have nested on man made structures such as
windmills, house chimneys and telephone poles in the past,
the structures should be adopted gquite readily. Pioneering
work by Fyfe and his co-workers (Fyfe, pers. comm.) with
L artificial nest structures for ferruginous hawks ?roduced
100 per cent occupancy the summer after they were erected.
It is not known whether this produced an increase in the
number of nesting pairs or if the pairs nesting at the
artificial sites were drawn from other nearby sites., The
study herein suggested would yield important information about
actual increases in the ferruginous hawk population of an
area after erection of artifiecial nest structures, since
both historical and on-going population studies will have
established base population levels.

Ferruginous hawks also have problems with temperature-
humidity relationships during incubation. These are critical

factors, particularly at hatching. Hatchability in unghaded
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Figure 13. Proposed artificial nest structure for ferruginous hawks.
Overall height will be about 16 feet. The fence is to
prevent cattle from killing newly planted trees (not shown).
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nests is about 10 pér cent less than in shaded nests., It

is believed (Olendorff, 1972b) that a lower humidity level
in unshaded nesting situations is one factor in this
diminution of hatchability. This could possible be improved
by shading devices built over the artifieial and natural
nesting situations.

Another very serious idiosyncrasy of ferruginous hawks
is an extremely high rate of nest abandonment during the
early egg period if they are molested. Productivity would
be increased by limiting or prohibiting human access, where
possible, to the vicinity (within 300 yards) of the nests
during the incubation period.

An intriguing experiment involving ferruginous hawks
would be to test the hypothesis that locally uncommon or
rare species could be inereased in an area by switching the
young of the rare species into nests of other more abundant,
closely related species. The most attractive possibility
of this kind is reintroducing peregrine falcons to the
Rocky Mountains to revitalize their decimated population by
placing captive-hatched peregrines in prairie falcon nests
(see below)., This is not as yet practical, but the principle
could be tested with wild ferruginous and Swainson®s hawks.

By placing two ferruginous hawk eggs or young in each
of several Swainson®s hawk nests for three or four years
in succession, it is possible that the foster ferruginous
hawks would return to the same area, perhaps the same nest,

to breed. Fyfe (pers. comm.,) has evidence that young
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peregrine falcons do, in fact, return to their birthplace,
if only briefly. This procedure might be used to ereate new
ferruginous hawk nesting territories, since ferruginous
hawks nest several weeks before Swainson's hawks, There is,
however, just enough temporal overlap in the nesting of the
two species to allow the switching of young birds. Again,
this approach assumes that the young will return near to
their place of birth to breed, a point which could be proven
or disproven by the extensive banding and coloremarking
campaigns involved in the population dynamics studies
mentioned above,

It may be possible to increase productivity (immediately)
and the population level (within a few years) of ferruginous
hawks in the area significantly by using all of the above
methods. This would be an important accomplishment with a
species now considered rare and close to endangered by some
authorities,

One specific instance where the ferruginous hawk could
be used to man®s benefit is as a natural control agent for
black-tailed prairie dogs. When President Richard Nixon issued
an executive order in February 1972 prohibiting the use of
poisons on federal lands, he eliminated all effective methods
of prairie dog control. Unless special exception is made,
or the order is resc¢inded, prairie dog populations will
probably increase considerably during the next several
years on the PNG. It is possible, however, that artificial

nest structures and hunting poles erected in prairie dog
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towns will attract ferruginous hawks and other raptors,
thereby increasing the vulnerability of prairie dogs to
predation and increasing the prey base of the raptors.
Artificial perches should also be erected during the nest
structure experiments discussed above.,

Prairie Falcon. 1)Providing new nest sites. Prairie

falcona always nest on cliffs. If holes or ledges of
adequate size are not present on a ¢liff, the falcons will
not nest or will go somewhere else to nest. Many cliffs
lack adequate ledges. There are four major lines of eliffs
in northeastern Colorado, three of whieh are inhabited by
moderate to high populations of prairie falcons. The fourth,
which is outside the experimental and “control®™ areas,
supports a very low number of nesting prairie falcons due,
apparently, to the absence of nest sites. As noted by
John W, Stoddart, Jr., (pers. comm.}, geological forces and
erosion have produced overhangs but not adequate ledges
or holea along nearly the entire length of these cliffa.
Neverthelesa, the terrain and habitat surrounding these low-
yield cliffs are comparable to the cther three cliff lines.
All factors seem to indicate a potential for a high nesting
density of falcons, yet they do not occur in expeeted numbers.
Providing nest sites on these cliffs and thereby in-
creasing the population of prairie falcons over several
years would be a significant management program. This has
been shown feasible by Fyfe (unpubl.), and could be

accomplished with a minimum of effort in an experiment
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involving the 8 to 10 miles of cliffs near the intensive

8tudy areas which do not have adequate nest sites for more
than two or three pairs of prairie faleons. Certain stretches
of the well occupied cliff lines also do not support nesting
prairie faleons,

Preferably in late fall, ledges and holes should be
created in the low-yield ¢liffs. Based on past experience
with prairie falcons and study of the cliff faces, the best
8ites should be selected and developed. At some sites only
a shovel and a small pick would be needed to dig a hole
in chalky earth under a volecanic cap., Other sites may
require more elaborate techniques, e.g. blasting with dynamite,
but most cliff faces offer a number of possibilities. In
extreme situations small barrels could be attached to the
cliffs by driving steel supporting rods into the rock or
chalky earth., Use of the barrels as nest holes by large
falcons would be an important innovation.

The nest sites should be developed an average of one-
half mile apart. Subsequent follow-up over a five-year
period would be needed to evaluate the results. It is
intended that this area become an important part of an
experiment to determine if captive-bred prairie falcons
and, perhaps, those flown in falconry for two years can
become part of a breeding population (see below).

Extension of the nest site construction to the other
major cliff lines and many small and/or isolated cliffs not

supporting prairie falcons at the present time should also



196

be attempted. Renovation of sites threatened and destroyed
by erosion, and enlargement of ledges and holes of inadequate
size for large broods could be accomplished by the same
techniques. Making marginal nest sites into adequate nesting
situations and concurrently building populations.on major
cliff lines in the manner outlined herein should also prove
to be fruitful. Increases could be to levels 3 to 5 times
current nesting densities of this falcon in certain areas,

2) Circumventing infertility aﬁd nesting mortality.
From 17 prairie falcon nests for which adequate data are
available for 1972, 3.18 young fledged per nest. If 7
infertile eggs had been viable and 7 young birds infested
with blood-sucking mites had been reared, productivity
would have been 4.00 young per nest, an increase of 26
per cent.

Infertility probably cannot be prevented directly, but
fertile eggs taken during "recycling* and indeterminate
laying experiments (explained below) could be used to
replace infertile eggs. Blood=-sucking mites seem to occur
in great numbers only in nests which rarely or never receive
direct sunlight. As a consequence the young birds become
infested. Ledge alterations to widen the nest openings, or
destruction of the proven unsatisfactory sites and re-
construction of adequate ledges nearby, should reduce or
eliminate the mite problem. If not, treatment of sick

birds in the nests with pyrethrum is feasible.
i
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These simple experiments and preventive measures, while
requiring only a minimum of funds and time, may produce
immediate results. There is every reason to believe that
the birds are capable of withstanding any disturbance
connected with the management efforts. The significance of
successful results far outweigh the risk of failure., If
successful, the techniques could be used to assure a high
level of productivity on a larger area in future years,
or to justify taking excess eggs to hatch and rear artificially
for various research projects involving captive birds. A
direct benefit of this experiment would be to supply birds
for the new eyrie sites discussed above. In fact, such
productivity increases (and others mentioned in the next
section) may be mandatory to supply those birds.

Golden Eagle. One of the more serious problems of
golden eagles is the existence of terrain apparently
gatisfactory in every regard except the lack of nest sites.
A number of pairs are observed each year building nests in
which no eggs are laid or else the eggs are promptly
destroyed by predators. In some cases nests are destroyed
by continuing erosion after heavy spring rains. Some nests
in holes on cliffs have become so filled with sticks brought
by the eagles that they are no longer habitable. About one-
third of the known golden eagle nest sites in Weld County,
Colorado, could be considered inadequate for one reason or
another. Correction of these inadequacies would help the

golden eagle considerably. This could be accomplished in
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most cases by artificial nest structures and ledge alterations.
Also, golden eagles may respond to artificial nest structures
erected for ferruginous hawks and, as a result, increase their
population in that way as well. This is predictable since
golden eagles often nest on windmill towers. A pair nested

on a 36-foot high gunnery tower in Rush Valley, Utah, in

1967 and 1968 (Camenzind, 1969).

Golden eagles are also prone to desertion during the
early egg period. Limiting or prohibiting access to eagle
nests during certain periods of the year is in order.
Electrocution by high tension lines is also a problem of
eagles on the PNG., Cooperation by the participants of
the suggested study with local Rural Electrification
Associations and the Colorado State Division of Wildlife
would continue to develop effective means of decreasing
this mortality factor. Poisoning and shooting of eagles
(illegal means of predator control) are not serious problems
on the suggested study area. There is little question that
the PNG could support more eagles. The techniques developed
would be even more valuable in areas where the species is
rare,

Burrowing Owl. Biologists, farmers and ranchers believe
that burrowing owl populations have decreased concurrently
with control efforta in prairie dog towns. The commensal
relationship involved is not absolute ~- burrowing owls do
use the holes of badgers, for example -- yet the owls are
often seen in prairie dog towne. Existing prairie dog

towns should be preserved on a size-limited basis and not
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destroyed completely. Restoration of old prairie dog towns
and control of their size should also be attempted. Such
control may include erecting hunting poles for birds of prey
in the towns and poisoning of prairie dogs which establish
burrows outside a fenced area set aside for the town. These
techniques should be tried wherever possible during the course
of the study herein suggested.

Sparrow Hawk (American Kestrel). Hundreds of square
miles of the PNG and adjacent areas lack nesting sparrow
hawks, apparently due to the absence of nest sites. In-
stallation of nest boxes on poles, windmill towers, old
houses, cliffs and in trees, should increase the sparrow
hawk population tremendously. It is believed that a thorough
nest-box campaign involving at least 100 nest-boxes (at
first), and run by a local bird club, could increase sparrow
hawk populations ten fold or more with only beneficial
effects on the grasslands.

Swainson’s Hawk., The failure rate of Swainson's hawk
nests ranges between 47 and 59 per cent during most years.
The most significant cause of nest failure is wind destruction
of nests, eggs and young hawks. One could probably double
the productivity of Swainson's hawks on the experimental
area simply by placing 50 wire-basket nest structures in
known nesting trees. Since Swainson's hawks nest primarily
in trees -- a few nests on power poles and wildmill towers
have been reported -- they are limited to ecreek bottoms or

scattered trees. It is quite possible that artificial nest
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structures built for ferruginous hawks may also attract
Swainson's hawks, yet the only direct management needed for
this relatively abundant species is something to avert wind
destruction of nests and monitoring for pesticides.

One additional experiment involving Swainson's hawks,
primarily, would be to put about 40 artificial nest structures
in cultivated fields where farmers have destroyed all trees.
Some tracts of plowed land on the study area are over 100
sq miles in extent. The Swainson's hawk, which eats mostly
ingsects and small rodents, feeds almost entirely on species
that farmers consider pests. Furthermore, these hawks often
nest near cultivated land, unlike all of the other large
raptors of the PNG. Allowing the hawks to exploit the
relatively untapped prey resources of winter wheat fields
by providing nest sites for them would be beneficial to the
hawks and may help the crops, Applied research of this
type should be readily accepted and encouraged by the farmers,

Great Horned Owl. This owl needs little or no management,

although it is dependent upon nests of magpies, crows and
hawks for most of its nest sites. Great horned owls do not
build their own nests. Some of the artificial nest structures
would certainly be preempted by great horned owls, thereby
giving them the opportunity to increase their numbers, One
management program involving great horned owls would be to

put permanent wire basket nests in known great horned owl
territories to encourage year-to-year territory stablization.

This may produce a greater tenacity for specific nest sites
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by the other large raptors, thereby reducing interspecific
competition between great horned owls and hawks. This may
be particularly beneficial to red-tailed hawks which are

uncommon on the suggested study area.

Emergency Conservation Measures for Raptorial Birds

The management programs suggested above can be considered
a type of conservation or "wise use" of a valued natural
resource. There is need, however, for the development of
emergency conservation techniques applicable to raptorial
birds. Populations of some species and subspecies are already
below the biological threshold where even well planned,
purpogeful research might bring about extinction. It
is possible, however, to develop conservation techniques for
endangered species usging closely related species which are
currently more abundant. Such techniques could then be
applied to endangered species locally or, where necessary,
in distant parts of the world.

Knowledge concerning geveral types of emergencﬁ raptor
conservation techniques is now in high demand by state,
provincial and national wildlife management agenciesg, Of
particularly urgent need are methods of propagating birds
of prey in captivity such as those being researched by the
Cornell Laboratory of Ornithology, the Patuxent Wildlife
Regearch Center, the Canadian Wildlife Service, and many

private individuals.
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Information received at the Raptor Research Foundation
meetings in Sioux Falls, South Dakota, November, 1971,
summarized the progress made in captive breeding of raptors.
About 56 privately operated efforts, usually involving one
or two pairs of falcons or hawks, have been started in the
last decade, including two large projects sponsored by
Cornell University (T. Cade) and the Canadian Wildlife
Service (R. Fyfe)., Both of the latter involve several
species of birds of prey. Most of the projects have appeared
since 1968 and have produced as of July, 1972, 20 prairie
falcons, about 18 peregrine falcons, 4 African lanner falcons,
well over 200 sparrow hawks, 4 ferruginous hawks, 5 red-tailed
hawks, 3 goshawks, at least 7 Harris' hawks, and 4 golden
eagles, thus demonstrating the feasibility of captive
breeding. Very few attempts to reintroduce captive-bred

birds of prey into the wild have been made, however.

Thus, methods of reintroduction need to be developed.
Not even a location for reintroduction research has been
chosen in the United States. Such a location is herein
suggested as are several prospective methods of reintroduc-
tion. Few people now working with captive propagation have
addressed themselves to this problem with sufficient accom-
plishment. Nor have they approached (due to a lack of
opportunity) the problem of whether or not captive-bred
birds or birds held in captivity for long periods of time

will breed successfully in the wild.
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There is a critieal need for a project to culminate
(when the time comes), through cooperative reintroduction
programs, several captive propagation studies now in progress.
We must know how to reintroduce captive-bred birds or, at
least, how to artificially increase productivity of wild pairs,
if we are to save certain raptors from extinction. Research
with a hign priority on reintroductions and other emergency
congservation technigques is herein suggested.

The purpose of the suggested research is 1) to assist,
on a local basis, the continent-wide research effort to
perfect methods of propagating birds of prey in captivity,

2) to reintroduce captive-bred raptors into the wild through
foster parentage and controlled release, 3) to evaluate
“reecyeling®, and removal of eggs to stimulate indeterminate
laying (see below), as feasible methods of increasing pro-
ductivity of wild populations, 4) to develop methods of
artificially feeding wild pairs of birds in an effort to
partially control their diet (and intake of toxie chemicals),
and 5) to determine if captive-bred, reintroduced birds and
birds held in captivity for long periocds of time can become
part of a wild breeding population. Details of the research
techniques and strategies will be found below.

In general, with the exception of the small, local
captive breeding project, we suggest specific research
problems which would culminate or at least offer solutions
for other captive propagation projects, large and small,

by providing a reintroduction locale, Thus. no matter where
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prairie falcons, anatum peregrine falcons, golden eagles,
American kestrels and a number of other species are bred,
through cooperative agreements, they could be reintroduced
into the wild in northern Colorado. Few, if any, of the
captive propagatibn projects in the United States have come
to grips with this phase of "saving raptors from extinection.”
Some of the techniques to be researched during the study
herein suggested have been pioneered or suggested by others,
particularly Tom Cade, Research Director of the Cornell
Laboratory of Ornithology, and Richard Fyfe, Wildlife
Biologist with the Canadian Wildlife Service. Both Fyfe
and Cade are involved with the development of technigues
for captive propagation of birds of prey. Fyfe (pers. comm.)
has also pioneered other emergency conservation techniques.
For example, Fyfe and his co-workers have placed fertile
prairie falcon eggs laid in captivity (but not young birds)
under wild prairie falcons. Young from the eggs laid in
captivity fledged from their foster home. The Canadian

group has released captive-bred young prairie falcons into

the wild by allowing the young birds freedom around the
breeding loft near Fort Saskatchewan, Alberta. The parent
prairie falcons fed the young through the wire of the
enclosure during the controlled release. Many confiscated
red-tailed and Swainson®'s hawks illegally taken as nestlings
have also been returned to the wild. Fyfe and his co-workers
have recycled (see below) at least 10 pairs of prairie faleons

and one pair of anatum peregrine falcons in the wild with
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moderate success. They have experimented with indeterminate
laying with captive, but not wild, falcons.

It is an understatement to say that much research
remains to be done with regard to developing emergency
congservation techniques for birds of preye.

Captive Propagation and Reintroduction. It is suggested

that researchers bring together, mainly from stocks now in
captivity, about 25 pairs of adult raptors, and place them

in facilities adequate for captive propagation. Only species
native to Colorado should be bred, and the captive-bred young
should be reintroduced only in Colorado. Such lodal attempts
go far toward eliminating variables such as photoperiod,
temperature, humidity and other factors for which compensa-
tions must be made at locations distant from the points of
origin of the parent birds.

Although some of the captive-bred birds should be retained
as additional breeding stoek, the main thrust of this part of
the suggested research should be to produce young prairie
falcons, peregrine falcons, and golden eagles in captivity
for reintroduction experiments, We have included the
peregrine falcon in these experiments because of the
critical status of North American populations {Hickey, 1969).
The anatum peregrines of the Rocky Mountains, although not
completely extirpated, are apparently in the throes of a
near total population collapse.

Nevertheless, an attempt to re-vitalize the remaining

Rocky Mountain population with captive-bred birds may prove
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fruitful if carried out in the next five years or less. A
regiénal effort to save this subspecies is very necessary
and is in no way a duplication of any other captive breeding
program because of its beginning-to-end, local approach.
The PNG ends only 25 miles from Fort Collins, the foothills
of the Rocky Mountains, and past nest sites of peregrine
falecons. Prairie falcons now occupy many of the old peregrine
nest sites. This close relative of the peregrine should
serve well as a vehicle for reintroduction of new peregrine
breeding stock into the Rocky Mountains through foster
parentage.,

Four different approaches to reintroduction could be
taken. Some of these are long-standing ideas of a number
of people, but none have been researched on a large scale.
Pioneering efforts have already been mentioned. First,
captive-bred young could be placed in nests of the same
species when still a few days of age. Although reintroduction
of captive-bred birds by foster parentage has never been
tried to my knowledge, no problems are anticipated, since
wild birds, particularly young ospreys, have been successfully
switched from nest to nest in recent years (Spitzer, unpubl.).
The same has been done with golden eagles and ferruginous
hawks (Craig, Olendorff and Stoddart, unpubl.). The
captive-bred birds should be followed by radio tracking to
determine their fate during the immediate post-fledging
period, a -critiecal and unstudied portion of a raptor's

life history.
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Second, captive-bred young of one species could be placed
in nests of different species. This has been done successfully
with wild birde by Fyfe, who put prairie falcons into
ferruginous hawk nests. Meyburg (1970) used Black Kites
(Milvus migrans) to rear young Lesser Spotted Eagles (Aguila
pomarina)., Combinations include peregrine falcons placed
in prairie falcon and red-tailed hawk nests in the Rocky
Mountains, prairie falcons placed in ferruginous hawk nests,
and golden eagles placed in ferruginous hawk nests on the PNG.,
Any attempt to re-establish the decimated peregrine falcon
populations in the United States must be preceded by tests
such as these. Again, the foster young should be followed
by radio tracking after fledging.

Third, hand-reared, captive-bred young could be allowed
to "fledge" from a small shelter in which they are fed
during the late growth period. After the birds "fledge",
the shelter would become a feeding station until the birds
are independent. Their progress during this controlled
releage period should be followed by radio tracking. This
method is a modification of a falconry technique called
"hacking" during which young birds are allowed freedom to
build muscles and develop hunting skills. During the study
herein suggested, the young would remain free instead of
being trapped back into captivity.

Finally, Cade (1971) suggested that falconry could be
utilized as a method of carrying birds of prey through the

critical subadult peried during which the majority perish.
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Through cooperation between the participants of the suggested
study, the Cornell Laboratory of Ornithology, several state
wildlife agencies, and a number of competent falconers, Dr.
Cade®s plan could be implemented using prairie, instead of
peregrine, falcons. Success with prairie falcons would lend
further justification to similar programs with peregrines.
State wildlife authorities must be willing to issue permits
to falconers for the removal of about 20 young prairie falcons
from the wild during the nesting season. The falconers,

by previous agreement, would be required to relinquish the
birds to personnel from Cornell and partiecipants of the
suggested study for controlled release into the wild during
subsequent springs. The release technique would be

gimilar to that described in the preceding paragraph. The
banded and color-marked birds would become part of a study

to determine if such birds can become part of a breeding

population (see below).

Experimentally Increasing Productivity of Wild Populations.

That falcons will "recycle® and lay a second clutch of eggs
when the first cluteh is removed has been known since the

days when egg collecting was an active hobby (0Olendorff, 1971a).
Only recently, however, has the potential for indeterminate
laying been demonstrated in captive falcons (Porter and
Wiemeyer, 1972; Enderson, unpubl.). The latter is a

phenomenon whereby birds will continue to lay if the eggs

are removed as they are laid, except for one whieh is left

in the nest. Indeterminate laying is untested in wild falcons,



209

vet it may be the most useful management tool of recent
discovery, particularly if the indeterminate layer is a rare
or endangered species. The research outlined below is
designed to test "recycling” (a much used technique in
current propagation projects) and indeterminate laying in
wild prairie falecons and to increase productivity of a wild
population. Similar experiments have been attempted in
recent years with ospreys by Paul Spitzer (unpubl,) of the
Cornell Laboratory of Ornithology, and a pilot project has
been suggested for peregrine falcons (Lejeune, 1972). Richard
Fyfe (unpubl.) has accomplished recycling in wild prairie and
peregrine falcons,

Experiment I. As soon as five eggs are laid in certain
eyries, all eggs should be removed and placed in several other
eyries (up to 6 eggs per eyrie)., If theory prevails,
fourteen days later the recycled birds should begin a second
clutch in the same eyrie or one nearby. If successaful, the
produdtivity of that pair would nearly be doubled depending
on the size of the second clutch, and the productivity of
the foster parents would be increased 20 to 50 per cent.

Experiment II. Eyries should be located in which no more
than 2 eggs have been deposited. One egg should be removed
from each eyrie and stored in an incubator as shauld each
subsequent egg until a total of ten eggs are produced by each
pair., Five eggs should then be replaced into the eyrie
(for a total of 6)., The remaining four eggs from each eyrie

should be placed in other eyries., Again productivity of the
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pair would be doubled or nearly so and the productivity of
the foster parents would be increased significantly.

Dietary Supplementation of Wild Pairs. This small
experiment is designed to test the feasibility of feeding
pairs of wild raptors a controlled diet or supplying an
overabundance of food to pairs which have been given extra
young to rear (up to 7 or 8 total). Diet control might be
a useful technigue for pesticide studies where limiting or
ﬁugmenting the pesticide intake is necessary. Rearing more
than the normal number of young might be used in management
and conservation efforts, as well as in field documentation
of the theoretical aspects of clutch size~brood size rela-
tionships with regard to parental feeding ability. _

A small number of wild pairs of prairie falcons should
be provided a very large excess of food by releasing game
birds near their nests or by maintaining a pigeon loft within
their hunting territory. Similar experiments should be
conducted with ferruginous hawks and Swainson®'s hawks using
laboratory mice.

Return of Captive Birds to Wild Breeding Populations.

Rather than propose specific research strategies in this
case, several possibilities, to be pursued as opportunities
arise, are suggested below. All of the possibilities take
advantage of the area {(mentioned in the previous section)
where a line of c¢liffs is not used extensively by prairie

falcons because of the lack of adequate nest ledges and

holes, The majority of reintroductions of prairie falcons
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would be conducted there, rather than in areas where reintro-
duced prairie falcons would be forced to compete with resident
pairs. In this way, after creation of new nest sites in the
low-yield cliffs, if there is any chance at all of reintro-~
duced birds remaining in or returning to the place of reintro-
duction to breed, there would be ample places to nest and a
low level of intraspecific competition to attract the birds.
The bonus is that long~term followup of the reintroduced birds
may be possible in order to determine if the birds enter

the new breeding population.

Thus, when prairie falcons become available for reintro-
duction, several strategies should be used depending on the
source of the birds. 1) With captive-bred young, controlled
release could be carried out at 4 to 5 weeks of age or at
10, 22 or 34 months of age depending on thé point to be made.
Using the latter time schedule the birds would be released
during the month of March when approximately 1, 2 or 3
years of age, and when reproductive urges might prevent or
limit dispersive movements. 2) As suggested by Cade (1971),
birds taken by falconers and released when 2 or 3 years old
may have a better chance of reaching breeding age than birds
fledged naturally. It is important, however, to know if
these birds can, in fact, become part of a breeding population.
This requires followup, the kind of followup which may be
made possible by taking advantage of the area now relatively

uninhabited by prairie falcons.



212
SUMMARY

~ Birds of prey, as barometers of environmental contamination,
important components of balanced ecosystems, and aesthetically
pleasing but historically persecuted animals, have received
much recent attention following a twenty-year period of rapid
accelleration in the rate of population declines of many
European and North American species. Nevertheless, there
remains a pausity of adequate information concerning long-term
raptor population dynamics, energy utilization and function
at the ecosystem level. A multifaceted and penetrating approach
must be made if quantitative data concerning raptor populations,
ecological impact, management and conservation are to be
synthesized to fill the urgent need of wildlife managers and
ecosystem analysts in their efforts to slow the deterieration
of important agricultural and wildlife habitats.

The Pawnee National Grassland and adjacent, privately-owned
land in northeastern Colorado provide nesting habitat and food
for one of the densest populations of raptorial birds in
North America. WNesting populations of many birds of prey are
gufficiently high to allow most types of basic and applied
raptor research. Virtually no ecosystem in North Amerieca other
than grasslands allows study of a large enough land area to
evaluate adequately the use of that ecosystem by birds of prey.
In addition, the private land owners of northeastern Colorado

are amenable to biological research.
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The major nesting raptors of the area include ferruginous,
Swainson's and red-tailed hawks, prairie falcons, American
kestrels, golden eagles, great horned owls and burrowing owls.
The earliest eggs of the five major species were laid on or
near the following dates: great horned owl--28 February,
golden eaglew-1ll March, ferruginous hawk--6 April, prairie
falcon--12 April, and Swainson's hawk--3 May. With the
exception of prairie falcons (which were extremely successful
on the study area), nest successes of the species decreased
in the temporal order in which they nested. The advantage
of early nesting apparently involved the earliest nesters
choosing the most suitable territories and nest sites. The
data further suggest that nest building was more important
to the earlier-nesting, resident ferruginous hawk, than to
the later-arriving, later-nesting, migratory Swainson's hawk .
Courtship flights of the latter species (for which the time
to nest was limited by the migratory life history) were
spectacular and more often observed, but Swainson's hawks
typically built very unsubstantial nests. Ferruginous hawks,
on the other hand, spent considerable time and energy choosing
nest sites and building large, sturdy nests, but were never
observed in courtship flight.

Fledging dates for the five major gpecies were as followst
great horned owl--8 May to 18 June, golden eagle~-30 June to
22 July, ferruginous hawk--26 June to 28 July, prairie falcon--

13 June to 10 July, and Swainson's hawk--13 July to 21 August.
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Overall productivity parameters from 1970-72 were
calculated {(Table 5). With the exception of ferruginous
hawks, the probability of hatching (comparing between species)
decreased in the same order as clutch size, brood size and
fledging success (Table 7). In other words, the more eggs
laid by a species, the higher the probability of hatching.
Swaingon's hawks experienced the lowest (0.513) and prairie
falcons the highest (0.774) probability of a freshly laid
egg culminating in a fledged young. With the exception of
prairie falcons, the overall probability of fledging at
egg laying was lower the later in the season egg laying commenced.
Prairie falcons had the highest nest success (fledged at least
one young per attempt) of the large birds of prey on the PNG
between 1970 and 1972 (88.8 per cent) (Table 8)., If nest
success of ferruginous hawks and great horned owls was less
than 70 per cent, Swainson's hawk nest success was greater
than 50 per cent. The converse was also true.

On a 414-sq mile unbroken grassland study area in 1971,
42 pairs of large birds of prey used 42.5 per cent of the
potential nest sites., In 1972, 50.5 pairs used 51.8 per cent
of the nest sites. Swainson's hawk breeding density and
productivity were higher in 1972 than in 1971 (Tables 10 and
11). I believe this was in response to at least three factors:
1) There was a lower breeding density of ferruginous hawks in
1972 than in 1971, and their nest success and productivity of
young were also lower in 1972; 2) Although there were about

the same number of adult great horned owls present in each of



215

the two years, nest success and productivity of young were
very low in 1972 3} There were fewer days on which potenti-
ally nest-destructive winds blew in 1972. Swainson®s hawks
apparently filled a void where interspecific competition

for nest sites was at a low level and were further aided by
good weather conditions.

The biomass figures, both for adults and young on the
414-8q mile study area, were dominated by Swainson's hawks
both in 1971 and 1972 (Table 12). For all large raptors com-
bined, biomass was about 20 per cent greater in 1972 than in
1971, Biomass averaged 166.9 g/km? for the two years, in-
cluding an average of 116.0 g/km2 for adults and a biomass
production of young of 50.9 g/kmz. The biomass of the young
produced was less than half (43,9 per cent) of the biomass
of the adults present.

In 1972 on a 1,000~8q mile study area representing all
locally available nesting habitats, the large raptors were
represented by the following percentages of the total number
of adults present: Swainson's hawks--42.8, ferruginous
nhawks--16.4, great horned owls--19.3, golden eagles--7.6,
prairie falcons-=-8.8 and red-tailed hawk--5.1. All species
combined, there were 15.85 péirs of large raptors for every
100 sq miles, or 1 pair for every 6.3 8sq miles. Only about
half (53.3 per cent) of all adult pairs produced at least
one young (Table 13). All species collectively produced 201
young in 1972 on the 1,000-sq mile area or 20.l1 per 100 8q

miles (Table 14). This was 36.5 per cent greater than on
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the 4l4-s8q mile area during the same breeding season; most-of
the difference was attributable to the high production of
prairie falcons on the 1,000-sq mile area.

For all species and age classes combined, the biomass
of large raptors on the 1,000~-sq mile area was 252.,8 g/km?
at the end of the 1972 breeding season, or 39.0 per cent
greater than on the 4lk-sq mile area (Table 15). The biomasses
of the individual species were increased by the following per-
centagess Swainson's hawk--47.4, ferruginous hawk--74.6,
great horned owl--24,3, golden eagle--20.1l, and prairie fal-
con-- 142.2, Perruginous hawks excepted, the magnitudes of
these percentages increase as the size of the raptor de-
creases.,

Each of the four nesting habitats was used differently
by each of the five species of large raptors (Table 16). The
two congeneric, sympatric buteos used the other's dominant
nesting habitat 30 to 35 per cent of the time. Swainson's
hawks were less successful at fledging young in their domi-
nant nesting habitat (ecreek bottoms) than in unbroken grass-
land or cultivated land. The ferruginous hawk had a higher
fledging success in its dominant nesting habitat (unbroken
grassland). The different species of large raptors also
used the available nest supports to different degrees, the
ferruginous hawk being the most versatile species with regard
to actual nest placement (Table 17).

[MMan has been an important factor in the distribution of

nesting birds of prey in northeastern Colorado. Considering
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all species collectively, 104 of 347 nestings (30.0 per cent)
were at man-created nest sites (Table 18). Both Swainson's
and ferruginous hawks nested at abandoned farmsteads and in
volunteer cottonwoods near abandoned ditches and man-made
ponds about 40.0 per cent of the time (in all habitats com-
bined). In unbroken grassland only, LY of 45 Swainson’s
hawk neste (98.8 per cent) and 28 of 41 ferruginous hawk nests
(68.3 per cent) were at man-created nest sites. Man's past
activities probably allowed an increase in the total Swainson's
hawk population during the decades following the exodus of
nomesteaders in the early 1900's. It is uncertain if there
are more ferruginous hawks today'than historiecally. The ad-
verse effect of cultivation on the nesting of these hawks,
and the unknown effects of the everyday use of much of the
land for recreation complicate the relevant speculations.
During the breeding season, the collective diet of Swain-
gson's and ferruginous hawks, great horned owls and golden
eagles included about 3 times as many mammals as birds (Table
20). The two or three most common prey gpecies (on the basis
of the total number of prey items identified) of each of the
large raptors were as follows: 3wainson's hawk--~lark bunting,
western meadowlark and thirteen-lined ground squirrels ferru-
ginous hawk--thirteen-lined ground squirrel, cottontails (sp.?)}
and jackrabbits (sp.?); great horned owl--cottontails (sp.?)
and northern pocket gopher; and golden eagle--cottontails

(sp.?) and jackrabbits (sp.?).
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Swainson's hawks took a wider variety of prey compared
to the other diurnal raptors. The great horned owl diet was
ags diverse as that of the Swainson's hawk. The golden eagle
preyed on only 4 species 96 per cent of the time. Cottontail
rabbits (sp.?) were preyed upon most heavily, accounting for
about 28 per cent of all prey of the four raptors for which
food habits information was available. In general, larger
diurnal raptors took more mammals and fewer birds as prey
than smaller diurnal raptors (Figure 10).

Non-raptor avian biomass was between 62 (1672) and 95
(1971) times greater than the large raptor biomaas. Rodent
biomass was over 200 times the raptor biomass during both
years (Table 21). Calculations showed that raptors took
prey equal to about 6.0 per cent of the bird and rodent
biomass in 1972 and only 3.8 per cent in 1971 (between 1
April and 30 August each year). Cottontail rabbits, jack-
rabbits and northern pocket gophers were not included in the
prey base due to inadequate data. The addition of rabbits
and gophers would decrease the per cents of exploitation of
the prey base significantly. All this supports the suggestion
that the prey base was not a 1imiting factor on raptor popu-
lations in either 1971 or 1972. |

Mean monthly temperatures were higher and precipitation
amounts were lower in 1972 than in 1971 from February through
May. It was shown that these differences in abiotic variables

occurred simultaneously with differences in nesting phenolo-

gies of the more sedentary raptorial species, but not the
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late-arriving, migratory Swainson®s hawk. The early-nesting
species laid eggs earlier in 1972 than in 1971, but also
showed considerable asynchrony of nesting by the population
of each species as a whole in 1972.

Clutch size of ferruginous hawks in trees which afforded
ghade to the nests was 21.5 per cent greater than in all un-
shaded nesting situations combined, and 30.1 per cent greater
than in unshaded tree nests (Table 22). Similar relationships
were evident for maximum brood size and fledging success.

The probability of an egg hatching was also greater in shaded
nests, but the probability of fledging if hatched was glight-
ly greater in unshaded nesis. All this resulted, apparently,
in a higher probability of fledging at egg laying in shaded
rather than unshaded nests. These findings suggest that dir-
ect sunlight in ferruginous hawk nests was detrimental to
overall nesting success.

Considerable doubt that sunlight was the only factor was
cast by an analysis of the remoteness of ferruginous hawk
nests. Shaded nests tended to be more remote thén unshaded
nests. Accordingly, ferruginous hawks were more successful
at remote nesting sites.

An analysis of the effects of man's current activities
on the nesting performance of Swainsgon®s hawks gshowed advan-
tages to the following: 1) nesting on the PNG rather than
on private land, 2) nesting on posted land or in otherwise
remote places rather than where access to the nest was rela-

tively free, and 3) nesting on posted land near unimproved

roads.
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The needs for further raptor research in northeastern
Colorado fall into several categoriess 1) long-term studies
of population dynamics, 2) long-term studies of predator-prey
relationships (specifically rates of exploitation of prey
populations), 3) field testing of both management and emer-
gency conservation measures applicable to birds of prey, and
4) long-term management of existing populations. Detailed

suggestions for such research conclude the present report,
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Cattle 11, 12, 21, 117, 132, 188-.189

Censusing (Mon-breeding Season) 173-174

Censusing Prey Populations 181-182

Central Plains Experimental Range 20, 147, 150, 170

Cliffs 12, 20, 38, 85, 111, 118, 120, 121, 122, 123, 124, 125,
126, 127, 134, 146, 170, 173, 181, 194, 195, 210

Clutch Size 23, %0, b1, 51, 52, 54, 64: 653 69, 77y 79, 87-
90, 91, 92, 93, 94, 99, 155, 156, 157, 153, 173, 181,
210, 214, 219

Cluteh Size Manipulation 165, 167, 187, 196, 203, 204, 205,
208=209

Colorado Division of wildlife 10, 13, 16, 17, 18, 163

Colorado State University 13, 16, 17, 18, 1£€3

Color Marking 170, 174, 178-179, 193, 208

Comparison of Past and Present Populations 131-135, 217

Competition Between Raptors 8, £2, 104, 11, 145-150, 154, 169,
176, 187, 201, 211, 213, 215

Computer Analysis of Data 1554, 173

Controlled Release (Hacking) 297, 211

Cooling (Chill) 27, 3¢

Copulation 47, 61, 71

Cornell Laboratory of Ornithology 186, 201, 202, 204, 208,
209

Courtship 47-4%, 41, 71, 78, 213

Creek Bottoms (Banks) 12, 20, 21, 38, 85, 117, 11%, 119, 120,
121, 122, 123, 124, 125, 126-127, 132, 134, 146, 147,
161, 170, 172, 181, 1R%, 188, 216



229

Crude Density 3, 4, 15, 17, 20, 21, 23, 38, 39, 43, 108, 115,
166, 167, 170, 172, 174, 17R, 186

Cultivation 11, 20, 21, 59, 6%, 380, 111, 118, 121, 122, 123,
132, 133, 181, 188, 189, 200, 217

Desertion 28-30, 58, 72, 159, 192, 198

Differential Utilization of Habitats 8, 117, 120-123, 216

Ditches 117, 129, 130, 131, 134, 217

Ecological Density 3, 4, 38, 39, 40, 85, 166, 170, 172, 174,

178
Egg Laying Dates 49, 50, 62, 63, 65, 69, 70, 75, 76, 78, 96,
146, 213

Eges 23-30, 49, 64, 69, 79, 119, 176

Electrocution 1, 135, 175, 198

Emergency Conservation Measures 163, 164, 167, 201-211, 220

Energy Utilization 3, 6, 7, 114, 143, 145, 212

Erosional Remnants 12, 21, 118, 123, 124, 180

Estimating Population Numbers 20, 39-40, 85, 131-135

Experimental and Control Study Areas 14, 165, 166-167, 170,
171, 172, 173, 181, 184, 194

Extensive Study Area 18-20, 21, 87-100

falconry 207-208, 211

Field Forms 35=36

Fledging Dates 51, 64, 65, 72, 77, 79, 213

Fledging Success 41, 77, 87=-91, %2, 93, 94, %9, 119, 121,
122-123, 124, 125, 126, 127, 128, 129, 133, 134, 154,
155, 156, 158, 161, 162, 214, 216, 219

Food Habits (See Predator-prey Relationships)

Foster Parentage 1385, 192-193, 204, 206, 207, 209, 210

4il-gg Mile Study Area 15, 19-22, 100-108, 109, 111, 115,
170, 214=215, 216

Funectional Role of Raptors 3, &4, 6, 8, 212

Grassland 12, 13, 212

Ground Nesting 23, 6%, 123, 124, 125, 134

Growth 16, 75

Habitat Improvement 165, 182-183, 187, 189

Hatching Dates 51, 64, 65, 72, 77, 79, 146

Homesteading (Effect on Raptor Nesting Habits) 10, 59, 109,
117, 127-135, 147, 180, 216-217

Increasing Raptor Populations 165, 167, 187, 190, 193, 194,
196, 197, 199, 200, 203

Incubation Failure 65, 89, 93, 159, 175, 192

Incubation Period 23, 49, 64, 69, 75, 78

Indeterminate Egg Laving 196, 203, 205, 208209

Infertility 65, 72, 196

International Biological Program 10, 13, 16, 17, 20, 16¢&, 170,
180, 181, 182

Land-use rractices (Current) 10, 21, 127-135

Land-ugse FPractices (Current -- Effect on Raptor iecting) 157-
162, 219

Limiting Factors 61, 143, 152, 168-1€9, 176, 179-180, 183, 187

Liammalian Predation 35
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Mammalign to Avian Prey Ratio 137, 133, 139, 140, 141, 217,

21

Management 2, 3, 4%, 10, 11, 14, 59, 84, 117, 133, 162, 163-211
(especially 183-211), 212, 220

vian-created iest Sites 59, 109, 127-135, 180, 188, 189, 217

Man-made Structures 12, 21, 118, 121, 122, 123, 124, 190, 198,
199

biaximum Brood Size 40-41, 51, 53, 65, 72, 77, 79, 87-90, 92, 93,
o4, 39, 155, 156, 158, 181, 210, 214, 219

liexican Bird Treaty 1, 183

Migration 44, L5, 54, 56, 61, A8, 73, 78, 7%, Rh-R5, 93, 147,
173, 194, 179, 185, 213, 219

Kishandling of Young Birds 31-33

Mites 175, 196

Mortality 4, 54, 27, 89, 93, 104, 106, 159, 175-176, 187, 196

Mational Science Foundation 163

lestlings 23, 24, 28«37, 51, 136

Nests and Nest Building 61, 64, 69, 71-72, 75, 82, 83, 123-127,
146, 148, 153, 179-180, 187, 188, 189, 147, 199, 213, 216

Nest Site Deterioration 188-189%, 196, 197

Nest Success (Failure) 41, 62, 78, 91, 96, 97, 101, 102, 104,
108, 109, 110, 114, 119, 120, 126, 148, 14%-150, 153-154,
159, 160, 161, 162, 172, 189, 213, 21k, 215

Obgerver Interference 119

1,000-8q Mile Study Area 15, 17, 19-20, 21, 81, 84, 25, 108-116,
160, 161, 170, 215-216

Overheating (Heat Prostration) 27, 30-31, 155

Patuxent #ildlife Research Center 201

Pawnee [lational Grassland 8, 10, 11, 14, 20, 81, 117, 118, 126,
135, 159, 160, 161, 162, 170, 172, 183, 184, 188, 189, 198,
206, 212, 219

Percentage of Available Nest Sites Actually Used 101, 214

Festicides 1, 2, 11, 166, 172, 175-176, 200, 210

Phenology of Nesting (Overall) 15, 5%, 55, 62, 65, 68, 72, 75,
146-150, 152, 153, 173, 193, 213, 21h, 218

Phetography 27, 30, 31

Photoperiod 205

Poisoning 1, 83, 198, 199

Ponds (lMan-made) 117, 129, 130, 131, 134, 217

Population Declines 25, 59, 83, 8%, 99-100, 119, 127, 131-135,
164, 201, 205, 212

2opulation Dynamics 3, 163, 165, 156, 168-179, 182, 1R6, 212,
220

Population Levels (5ee Breeding Density)

Post-fledging Period 54, 65, 73, 79, 81, 177, 178, 206, 207

Fosting (Prohibiting Access to lests) 84, 132, 147, 160, 161,
162, 192, 198, 219

Predator-prey Relationships 5, 6, 7, 8, 4%, 58, 60, 69, 74, 78,
136-145, 152-153, 163, 169, 172, 174, 177, 179-183, 184,
186, 187, 200, 217-218, 220

Premature Fledging 33-35, 37
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Probability of Fledging at Egg Laying 41, 94, 95, 96, 155,
156, 157, 158, 214, 219

Probability of Fledging if Hatched 41, 94, 95, 96, 155, 156, 158,
219

Probability of Hatching 41, 72, 73, 94, 95, 155, 156, 158, 214,
219

Productivity in General 15, 20, 173, 197

Productivity of Young in Successful Nests 42, 96, 98-100, 101,
120

Productivity of Young per Known Pair k2-43, 77, 101, 103, 111,
112, 119, 172, 214, 215

Productivity of Young per Unit Area 39, 43, 100, 101, 103, 104,
111, 112, 215

Radio~-telemetry 4, 166, 176-178, 206, 207

Ranching (See Cattle)

Raptor Research Foundation 202

Rates of Exploitation of Prey 6, 143, 145, 163, 180, 218, 220

Recycling the Nesting Sequence 196, 203, 204, 208-209

Re-establishment of Raptor Populations 165

Reintroduction 165, 167, 177, 178, 192, 195, 202, 203, 204,
205-208, 210-211

Renesting 23, 47, 119

.Roadg and Trails 12, 147, 148, 140, 161, 162, 177, 188, 219

Sample Sizes 88, 97, 98, 102, 103, 110, 112, 120, 121, 122, 123,
128, 134, 157, 160

Shading 27, 154-157, 190-191, 219

Shooting 1, 84, 104, 135, 149, 198

Spring Arrival 47, 60, 69, 75, 78

Starvation 175

Synchrony of Breeding 64, 75, 78, 152, 159, 219

Territoriality (See Competition Between Raptors)

Territory Stablization 200-201

Trees 21, 111, 117, 118, 123, 124, 125, 126, 127, 129, 132,
133, 134, 146, 147, 148, 153, 154, 155, 156, 157, 188-
189, 190, 199, 200, 217, 219

Unbroken Grassland 20, 58, 109, 111, 115, 118, 120, 121, 122,
123, 129, 131, 132, 133, 134, 146, 180, 181, 188, 189,
214, 216, 217

U.3. Forest Service 10, 18, 161

Variation in Hesting Farameters 91-94, 114

Weather 75, 93, 117, 127, 132, 143-149, 150-154, 1590, 1€9,
174, 174, 180, 187, 189, 199, 200, 215, 21°

Wind (See Weather)

Winter 66, 79, 138, 150, 152, 167, 173, 174, 177

Species Index

Afriecan Lanner Falcon 202

American Coot 74

American Kestrel 8, 9, 44, 80, 84-856, 137, 186, 187, 199, 202,
204, 213
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Amphibians 137, 139

badger 20, 82, 84, 199

Bald Eagle 9, 164

Barn Owl 9

Elack=billed ifagpie 137, 147

Black Kite 207

Plack-tailed Prairie Dog 2¢, 81, 92, 983, 84, 182, 193, 194,
198=199

Broad-winged Hawk &

Bufflehead 137

Burrowing Owl 9, 10, 44, S0-84, 35, 137, 141, 176, 198-199,
213

California Condor 2, 164

California Ground Squirrel 813

Cooper®s Hawk 9

Cottontail Rabbits 45, 60, 6%, 78, 84, 137, 138, 139, 1k40,
145, 217, 218

Deer llouse 78, 136, 137, 138, 139, 140

Eastern Fox Squirrel 137

Ferruginous Hawk 8, 3, 12, 14, 17, 21, 23, 27, 28, 36-37, 41,
WL, 52, 53, 54, 56-65, 66, 73, 7?5, 77, 79, 81, 88, 89,
92, 93, 94, 95, 96, 97, 99, 100, 101, 102, 103, 105, 106,
107, 108, 109, 110, 112, 113, 114, 115, 11€, 120, 121,
122, 123, 124, 125, 127, 128, 129, 130, 131, 133, 134,
136! 13?| 138'139| 146-150- 1520 154‘1593 1763 17?: l?9|
180, 185, 188-194, 198, 200, 202, 206, 207, 210, 213,
214, 215, 216, 217, 219

Florida Everglade Kite 164

Golden Eagle 5, 8, 9, 10, 12, 14, 21, 23, 27, 31, 33, 37, 39,
44! 523 53’ 68-?3! 81. R8! 89l 92' 93’ 95' 96! 9?' 99'
102, 103, 105, 107, 108, 109, 110, 112, 113, 114, 115,
116, 120, 121, 122, 124, 128, 129, 130, 135, 136, 1137,
140, 147, 177, 179, 197-198, 202, 204, 205, 206, 207,
213, 215, 216, 217, 218

Great Horned Owl 6, 9, 10, 12, 23, 29, 30, 44, 52, 53, €2,
77-79, 81, 88, 90, 92, 95, 96, 97, 99, 102, 103, 104,
105, 106, 107, 108, 109, 110, 112, 113, 114, 115, 116,
120, 121, 122, 123, 124, 125, 126, 128, 129, 130, 131,
i34, 136, 137, 139-140, 146+150, 152, 180, 200=201,
213, 214, 215, 216, 217, 218

Green-winged Teal 137

Gyrfalcon 9

Harris"' Hawk 202

Horned Lark 45, 74, 137, 138, 139, 141

Insects 45, 54

Jackrabbits 60, 69, 78, 137, 138, 139, 140, 145, 217, 218

Killdeer 137

Lark Bunting 45, 74, 137, 139, 141, 217

Lesser Spotted Eagle 207

Long-billed Curlew 137, 1138

Long-~eared Owl 9

Long-~tailed Weasel 69, 137
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licCown's Longspur 74

Marsh Hawk 5, 9, 44, 179

Merlin 9

Mountain Plover 137

liourning Dove 137

Hiorthern Goshawk 9, 202

Jorthern Grasshopper liouse 137, 140

liorthern Pocket Gopher 45, 60, 78, 137, 138, 139, 140, 141,
145, 217, 218

Ord*s Kangaroo Rat 137, 138, 139, 140, 152

Osprey 9, 29, 164, 186, 187, 189, 206, 209

Peregrine Falcon 9, 164, 192, 202, 204, 205, 206, 207, 208,
209

Prairie Chicken 183

Prairie Faleon *, 9, 11, 12, 21, 23, 29, 30, 41, 44, 52, 53,
73-77, 81, 88, 90, 92, 93, 94, 95, 96, 97, 99, 108, 109,
110, 111, 112, 113, 114, 115, 116, 120, 121, 124, 127,
128, 129, 131, 152, 176, 177, 185, 192, 194-197, 20,
202. 205, 206, 207, 208, 209, 210, 211, 213, 214, 215,
21

Prairie Vole 78

Pronghorn 182

Rabbits (in General) 136, 139

Red~headed Woodpecker 137

Red-tailed Hawk 6, 9, 16, 37, 44, 58, 61, 66-68, 81, 108, 109,
110, 111, 112, 113, 114, 115, 116, 180, 202, 204, 207,
215

Reptiles 74, 137, 139

Richardson's Ground Squirrel 74

Ring-necked Fheasant 69, 137, 140

Rough-legged Buzzard 9, 44, 59

Screech Owl 9

Sharp-shinned Hawk 9

Short-eared 0wl 9

Snowy Owl 9 :

Swainson's Hawk 8, 9, 11, 12, 156, 17, 23, 27, 29, 36, 37, 44,
44'563 58! 59! 6O| 610 623 65| 66: ?9| 91! 8?: 88! 91,
92, 93, 9%, 95, 96, 97, 99, 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
i19-1z0, 121, 122, 123, 124, 125, 127, 128, 129, 130,
132, 133, 136, 137, 139, 140, 146-150, 152, 153, 154,
159-162, 176, 177, 179, 180, 192, 193, 199-200, 20k, 210,
214, 215, 216, 217, 218, 219

Tawny Owl 5

Thirteen-lined Ground Sgquirrel 43, 60, 69, 74, 83, 137, 138,
139, 140, 152, 153, 217

Tiger Salamander 137

Townsend's Ground Squirrel 74

Turkey Vulture 9

Yoles 5, 136, 137, 140

Nestern Meadowlarx 435, 74, 137, 138, 139, 141, 217

Western #hiptail Lizard 74 wWhitetail Antelope Squirrel 138
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