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ABSTRACT

Road counts of the Red-talled Hawk in the sastern one-third of
Kansas indicated a bresding population density of one per 16.5
km? (one nestper 37 km?). Counts in winter indicated a population
density 1.4 to 2.2 times as great. Most nosts ware In Amerlcan
elms, cottonwoods and sycamares in that order of preference but
fitteon other species of trees were used for nast aites, Average
helight of all nests was 13.3 m and successful nesis averaged
slightly higher than those that falled, Of 195 nesting attempts, 126
falled; approximately two-lhirds of the fallures were caused by
weather, mainly high winds. The 69 nests that fledged young had
25 parcent mortality of nestlings. In 10 of 18 Inslances of predation,
the raccoon was the predator implicated. Among lorty prey ltems
Identified at nests and 2720 identHiod from pellets picked up under
nests, the prairlea vole was most frequent, the black rat snaka
second and the Eastern cottontall third. In terms of biomass, East-
arm cottontail, black rat snake and prairie vole, in that order, were
the principal prey specles (90 percent), with many other kinds of
small mammals, lizards and snakes (and a few blrds and insects)
each making up relatively small parts of the lotal. Trans. Kansas
Acad, Sci., vol. 87:1, 1978.

F_. INTRODUCTION

; Our field study of the Red-tailed Hawk in eastern Kansas was under-
taken in arder to compare certain aspects of its ecology there, and in
- Bther regions and communities whera this widespread raptar has been
Sludied. Our observations pertain spacifically to nesting, population
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dansity asindicated by road counts, survival of young, causes of nastli
moriality and food of nestlings. Our records were based on many ne: 5
aver an extensive area in a four-year period, These records, obtained n
the early 1960s, should have increasing significance as a basis for com-
parison with later studies, when changes in human populations, land use
and conservation practices have further alterad the ecology of the area,

METHODS, MATERIALS AND STUDY AREA

Nests were found by scanning the tarrain in the course of extansive
driving on highways and country roads, in April, when incubation was
acourring and trees wera still bara,

When a nest was found to be in current use it was not revisited for
many weeks to avoid possible disturbance by the investigators in ' e
critical stages. However, late in the nesting season each was visited c1e
or more limes 1o determine whether young had been reared, and to
collect pellets and other material for food habits study. The information
gained from individual nests was usually meager, but the composile
samples were large. Relatively small amounts of data were collecied
from 1955 to 1859; most records ware obtained in 1960, 1961, 1962 and
1963. The study was concerned chiefly with food habits until the last two
seasons, when interest focused on survival of the nestlings. Field proce-
dures. exient of area coverad (Fig. 1). and amounts of dala obtained
varied shightly from year o year,

Our food habits study was based both on discarded fragmenis of
prey items in and beneath nests and on pellets, but more than 98 perc ot
of individual iterns identified were from pellets, Errington (1832) d
Glading, Tillotson and Selleck, (1943) have thoroughly discussed (na
shortcomings of hawk pellets as a basis for food-habits study. In brief,
some kinds of prey leave no hard parts in pellets, and the epidermal
structures such as hair, scales, and feathers that make up most pailets
provide no information about the number of prey individuals eaten.
Furthermore, residues from a meal may appear in several pellets, anda
pellet may contain material from several meals.

Mevarthelzss pellots have the advantage that they can be collecied
in relatively |arge numbers, and they do provide a crude indication of the
relative biomass of different kinds of pray invelved. In our study the
pallats collected were found on the ground beneath the nests scalticred
over areas of many square meters, and prasumably were those © the
young hawks in the late stages of growth, after thaey had begun fee. Ing
themseives from prey animals brought by adulis.

Our study area, siluated in the broad ecotone belwean easiem
deciduous forests and grasslands of the Great Plains, was in the easterm
one-third of Kansas, and was broadly oval, with greatest radius approx:
imately 120 km, and included 22 counties or parts of them. Lawrence,
Kansas, was our base of oparations, hence field work was most concen:
trated naar there in Douglas County in the northeastern part of the aréd.
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Fig.1. Mapsof eastern Kansas showing counties, and locations
of Red-tailad Hawk nasts found in four diffarent years.
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RESULTS

Habitat. — Throughou! the study area, which was mostly open . nd,
trees were present growing singly, in lines along gullies or lweld edges, or
in more extensive groves along streams or in farm woodlots. The trees
present included cottonwood {(Populus deltoides), elm (Wmus
americana and L. rubra). black walnut Juglans nigra), red cak (Quercys
borealis), hackberry {Celtis occidentalls), white oak (Quercus alba), ash
{Fraxfnus amearicana), sycamore (Platanus eccidentalis), hickory {Carya
ovata), mapla fAcer sp.). willow (Salix sp.) and basswood (Tila
americana) in that order of importance (J. K. Strickler, pers. comm,),
There was a trend toward fewer and smaller trees from noriheast to
southwest. In the northeastern part of the study area, land was 9 per cent
woodland, 31 percent cultivated, and the remaining B0 percent c' efly
pasture (Dobbs, 1970; Peeplas, 1970). In the southwestern part, the “lint
Hills of Marion, Chase, Lyon and Morris counties, there was 2 pe. Zan|
waoodland, 18 parcent cultivated land and 71 percent callle range

Population density. — We found 172 nests of Red-tailed Hawks in
6400 km of driving (37 km per nesl), and 23 additional nests were found
on irips when distance was nol recerded. Figure 1 shows that most mests
found were within .5 km of the road; presumably those at greater dis-
tances were liable to be overlooked unless they were in unusually con-
spicuous situations, It is estimated that each kilometer of driving repres-
ents roughly 1 km® effectively scanned, hence the nest density represents
about ane to 37 km®

During the 6400 km of spring driving 387 adull hawks wema
seen (many of them associated with the nests), an average of onep 163
km. Table 1 compares this population density with the densities o dby
several other investigators in various parts of the United Stales and
Ganada. Most recorded densities were higher; especially in near-
optimum habitat of pine-oak woodland, in the Sierra Nevada foothills of
Madera County, California. Fitch, Swenson and Tillotson, (1946) founda
breeding population much denser than that in eastern Kansas.

In the area of our study, winter densities are marked|y higher than
those in spring. In B820 km of winter driving (1953-1963] in the countes
where our study was made, H. A. Stephens (pers. comm.) counted 584
Red-tailed Hawks, one per 11.7 km. In 6850 km of driving in five areas of
eastern Kansas participants in the Kansas Ornithological Socelys
Christmas Bird Count from 1950 to 1961 recorded 910 hawks, ¢ @ pef
7.54 km. These high winter counts suggest that from one-third to aifo!
the winter population may consist of migrants fram farther north

West sites and timing of nesting, — Johnston (1965:16) summarized
nesting habits of the Red-tailed Hawk in Kansas as follows: "Egas |aid
February to first week of April, peak March 1-10; single-brooded.” “MNests
placed in crolches 15-65 feet high, of collonwood, elm, oak.” Table
summarizes the stages of development of the young at the nesis that
ware relocated in late spring.

y
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Of 261 nests in identified trees, 37.1 percent were in American elms.
S2.7 percent were in cottonwoads, 18.0 percent ware in sycamores, 3.1
parcant were in black walnuts, and the rest were dividad among foureean
tree Spacies. Nesting success [(at least one young fledged) was 33.8
percant in cottonwoods, 33.8 percent in American elms, 43.4 parcent in
sycamores and 37.5 percent in miscellaneous other trees of elaven
species. The sample included 195 nests for which the kind of tree was
recorded and success or failure was observed, Ac cessibility to predatars
was influenced by height, type of trunk, texture of bark and site of the
tree. Many nests, espacially those in sycamores, were directly over
streams, so that the teces, pellets, and scraps of food dropped into the
watar removed some of the cues by which predators might find the nest.
G ound heights of 261 nests ranged from 5.5 t0 30,5 m {(mean = 13.3 mj;
w th more than three-fourths between 11 and 17 m. Average height of all
successiul nests was 13.6 m, and the height of those that failed to
produce young averaged 12.8 m.

Freemyer (1966:15) reported on 22 nests found in the spring of 1965
in Lyon County, Kansas, in the southwestern part of our study area. He
found cottonwood, American elm, and sycamore 1o be the most frequent
nest trees, and the nests averaged 12.2 m (6.1 - 21.4) in height

Although two of the nests that we found were in towns and a few
were as little as 100 m fram buildings, the hawks tended to avoid man.
Individual hawks must differ greatly in their experiences with humans:
they exhibiled striking differances in behaviar and approachability. Also,
humans varied in their atlitudes toward the hawks, While many, includ-
in landowners, recognized the hawks as beneficial, some of the tradi-
tic 2al hostility toward raptors persisted to the extent that shoofing was
prubably the one most impartant martality factor in the population
studied. Wariness, developed from a combination of individual axperi-
ence and genetic selection, must play an important part in the survival of
Red-tailed Hawks in Kansas,

Nesting success, — OF 278 April nests found in aur faur seasons of
field work, 70 could not be relocated later in the season. Of the 208 that
#are revisited, 69 were successtul in producing at least ane fledgling, 126
Apparently failed, and 11 were of indeterminate status. Of the 195 nests
for which fates were known, 64.6 percent failed and 35.4 percent pro-
duced one ar more Nedglings (1.54 per successful nast, and .51 foral| the
nests, including those that failed). Of the nests in which young fledged,
41 1 roduced a single fledgling, 23 produced two, four produced three
83c 1, one produced four, and one had either three or four. Johnston
(1965) indicated an average of 2.6 eggs in 20 nests in Kansas, In Lyon
County, Kansas, Freemyer (1966:16) found an average of 1.95 faor (claly
tlutches and nestlings, combined, in 22 nests. As the population present
N the breeding season consists of some immatures from the previous
¥8ar and some unmated wandering adults in addition to those that are
M8sting, the .51 young fledged per observed nest probably constituted
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Tahle 1. Magulat lon Densltles ofF Hed-talleod Havks dn the Nezoliog Seas
km  per Source af Inforeacion Apa
hawk
9.4 Frodmyor, 1966 Lvon County, &ANsns
Lh. 5 Presmgnt =zudy Eastern Eansas
1.9 Oriare and Kublmas, 1936 Wigcensln In L9025
b2 Lugeich et al., 1970 Alherca
.15 Orfane and Eohlman, 195G Hlgconeln in L9554
B Fiteh Swenacn and 71 I,1nl.:1nn,1‘¢|-.‘\- Modera Cowncy, Californis
Table 2. Seasernl Timing of Develaopment In Young Red=talled Hawvks
Condl=inmn oy May 29 g JJwne Jume June ¥6 Tulky
of young 13=3F to Jume & 5-11 B2-18 ¥P-35 te July } oa=10 11-17
Small and
devmy i 1 1 2
Approximately
hall growm 1 5 1
Por Ly
feathered i L 3 5

Almast ready
ta £1y Z - 3 2

Fluahed from

nest by climber 1 3 5 ] 1
Already
fladped "] 1 L] - 1 |

somewhal less than 25 percent of the posthreaeding population in late
SUmmer.

Our records suggest that about two-thirds of the nest failures could
be attributed to weather, mostly to violent spring thunderstorms and
accompanying high winds in which young could be blown from the nest.
More frequently the nest was damaged or destroyed and the young were
eliminated asa result. In 73 such instances the nest was blown dowr (18],
collapsed (22), or seriously damaged [33). Nests were serigusly dar 1ged
in several other instances when one or more well-grown young we  stil
present; one nast was tipped to nearly 30 degrees from the harizanial
because part of its support had given away. Hail also possibly caused
nest failure.

Ten nesting failures were attributable to the raccoon (Procyon
lotar). In three of these, chewed feathears of young hawks were found in
or baneath nests: in two others, scats of raccoons were in the nest tree of
at |ts base, and in another instance thera were recent claw marks an the
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tree trunk near the nest. In four other cases there were tracks of a
raccoon in soft soil near the base of the tree

Infourotherinstances failure resulted from shooting of young in the
nest or robbing of the nest by humans, In the remaining eight cases of
suspacted predation, no definite clue to the identity of the pradator
could be found. The Great Harmed Owl fBubo virginanus) is a suspacted
predator on hawk nestlings, and the Common Crow (Corvus
bracfiyrhynchaos) and Blue Jay [Cyanocitta cristata) are possible pre-
dators on the eggs.

Food of young. — Qur data represent prey obfained mostly in the
manths of May and June from young that were near fledging. A relatively
small number of prey items were found at the nests, and 2 much larger
rumbar of animals were identified from their residual indigestible parts
in pallets. The trends in the two sets of records are somewhat differant.
At 18 nests there were 40 prey items that were represented by recogniza-
ble ramains: 19 Eastern cottontails, 7 muskrats, 2 timber rattiesnakes, 2
blue racers, 2 unidentified snakes, and one each of prairia vale, pine
vole, Eastarn grey squirrel, Eastern mole, Westarn Meadowlark, raugh
green snake. Great Flains skink, and snapping turtle. Cottontail remains
were found at 10 of the 18 nests, but no ather kind of prey was found at
mare than two nests. Six of the seven muskrats were at one nest, sUg-
gesting that the resident pair of hawks was specializing on a muskrat
diet. The two timber rattlesnakes found together in another nest were
both halfgrown. In this sample there seemed to be bias in favor of the
larger items which, even after being fed upan, were still present in the
r2sts as identifiable remains such as the spinal columns and large limbk
banesofrabbits, Ineontrast, smallitems such as insects, lizards, shrews,
mice, and voles (Table 3) were presumably eaten almost as soon as thay
were delivered, and therefore, were not seen in the nest by the inves-
tigator. The small sample of prey remains from nests was notable for
including a snapping turtle and a rough green snake, two spacies that
were not represented in the much larger sample from pellets.

Table 3 lists 23 species and ten other categories identified from
analysis of 1322 Red-tailed Hawk pellets with a tatal of 2720 OCCUrrencos,
Faod residue in pellets consists mastly of fur, feathers, scales, and chitin
fragments, and bony material is largely dissolved. providing no such
information concerning the number of animals eaten as do the skelatal
remaing, almost unaifected by digastive processes, in owl pellats. Some
kinds of small animals which lack hard epidermal structures — salaman-
d-rs and frogs for example — may leave no trace in pellets, but in
g=neral, hawk pellets provide qualitative data that reflect food habits,

DISCUSSION

The present study of the Red-tailed Hawk, carried on near the canter
of this widespread raptor's breeding range, revealed ecological relation-
ships that were mostly similar to those found in earlier studies alse-
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where, but with a few noteworihy exceptions, Breeding density ag
relatively low, less than one-fourth of those that have bean four  in
Alberta and Wisconsin, and only one twenty-sixth of that found in - .ar.
optimum habitat in central California. Immediately 10 the west of gur
study area, the breeding densily decreases abruptly to even lower leveis
and is low in the opan terrain of central Kansas and the High Plaing
bayond. Winter counts indicated that from one-third to one-half the
Red-tailed Hawks on our study area were migrants from tarhee norh,
Nesting success was found to be low with only about one young fledged
for every two nests, Approgimately twe-thirds of all nests {alled 10 produce
any young and approximately two-thirds of these failures were caused by
violent summer storms with high winds. The raccoon was identified as
the chief predator, but weather caused more mortality than predation,

-
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Fig. 2. Hislogram showing distances from road of red-tailed Hawk nests found
by driving and scanning terrain from car, Relatively lew were found adjacent 10
the road or at distances greater than .5 Kilomater.
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The Red-tailed Hawk is known to prey upon various small verteb-
rates, but food samples from different regions have revealed some di-
vargent trends, Our sampla from eastern Kansas was noteworthy in bwa
respects, Firstly, snakes make up nearly one-third of the total ocourr-
ences, whereas other investigators have found the prey to consist mainly
of mammals and birds. Secondly, the most frequent prey animal, the
prairie vole, was a remarkably small one with avarage weighl only aboul
threa percent of the hawk’'s weight.

The snake occurrences in pellets were of at least nine species,
including many records of the venomous copperhead and rattlesnake,
but 72 percent were of the black rat snake, This large slow-moving snaka
was l@ss numerous than most of the other kinds of snakes recorded; its
[ equency in the pellets was unexpecied, and doubtless was correlated
with its partly arboreal habits, The rat snake's food consists largely of
birds’ eggs and nestlings oblained by climbing in trees and bushes (Fitch,
1963). The snakes, prowling above ground level, are often scolded and
harrassed by mixed groups of small birds which may attract the attention
of larger predators such as the Red-tailed Hawk, This raptor probably
learns to detect the snakes from such experiences, and becomes alart
lor the visual and auditory cues provided by the small birds.

In our study, asin others, the Red-tailed Hawk's feeding was found
to have both beneficial and deleterious aspects from an economic view-
point. Most of the rodents and rabbits eaten wera potential agriculiural
pests, and the frequent predation on both venomous snakes and bird-
ealing snakes must also be considered positive. Onthe other hand, some
af the hawk's predation involved fur-bearers, game mammals, insecti-
v res, birds, lizards, and snakes that are themselves predators on pests.

In Wyaming, Craighead and Craighead (1956) found rodents and
rabbits to make up most of the Red-tailed Hawk's food. In Alberta,
Luttich, er al. (1970) found the chief foods to be ground squirrels, snow-
shoe hares, ducks, grouse, coots, voles, pocket gophers, red squirrels
and muskrats. In Wisconsin, Orians and Kuhiman (1956) found the chiaf
prey species to be pheasanis, cottontails, domestic chickens, crows,
voles, ground squirrels and blackbirds. Their sample was notable for the
frequency of birds, which occurred nearly twice as often as mammals,
with more species rapresented, Also it was notable fer the occurrence of
domestic animals including 20 chickens, two young pigs, two turkeys
and one pigeon. In cental California range land, Fitch, Swenson and
Tillotson (1948) found the chief prey to be ground squirrals, cottontails,
geoher snakes, pocket gophers and rattiesnakes in that order of impor-
tace.

In the list of prey items found in pellets in Table 3, the relative
numbers of diflerent prey species do not express well the actual compos.
ition of the diet, because the largest vertebrates eaten are at least 100
times the bulk of the smallest and the occasional invertebrates taken
May be even smaller. Relatively small prey animals may be taken fre-
quently without making up much of the food. A realistic appraisal of the
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composition of the hawk's food must lake into account the relat g
biomass of the prey species. Column 3 of Table 3 shows the we 1y
considered most typical for each species {laking into account the gt
that the largest kinds, rabbits, squirrels, rats and snakes. were oilen
taken as immatures).

Alarge prey animal such as a rabbit, brought 10 a nest, might provida
two or more meals for a nestling hawk, and might be fed upon by two or
more nastlings resulting in its represantation ultimataly in several sepa-
rate pellels. On the other hand a small prey animal would usually ba
bolted entire and its indigestible parts would appear mostly or entirely in
one pellel. In order to allow for this difference the prey species were
divided into five arbitrary size classes estimated to oceur in from ane
peliat (smallesl size class) to three pellets (largest size class) each. A 100
g cottontail thus would be expected in three pellets, and the 431 co® n-
tail cocurrences that we recorded in pellets are judged to reprasen: 44
animals killed, whereas the 717 gccurrences of prairie vole could rapas-
ent that many individual animals. Estimated on this basis the figuresin
Table 3, column 4 indicate ihat in terms of biomass the hawk's food
includes 40 percent cottontail, 36 percent rat snake, 10 parcent praire
vole, 4 parcent bird, and 4 percent fox squirrel, with all other species of
minor importance. While the actual percentage figures may be gues.
tioned, we believa them to be rough approximations that reflect the
correct order of importance of the main prey species.
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