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PREPATORY EFFICIENCY AND FORAGING HABITS OF THE -AMERICAN KESTREL

AT POINT REYES NATIONAL SEASHORE
JOHN J. SHANKNON

An American Kestrel's {Falco sparverious)%redatory efficiency, foraging

habits and hohe range vwere studied in Marin County, California from December 18,
1981 to February 28, 1982. An analysis of predatory efficiency and prey selection
is presented on the basis of numbers of prey species captured compared to the
number of attempts to capture prey. A total of 758 attempts was observed; of these
attempts 253 (33 3%) were successful, 505 (66.6%) were unsuccessful, and the success
of 36 could not be determined. Of the 253 successful captures of prey 224 (88.5%)
were invertebrates, such as grasshoppers, beetles, flies and other insects; and
29 (11.5%) were vertebrates such as birds, voles, mice and lizards. Home range
of the female kestrel was approximately twice the‘siée of the méle, the females
home range was approximately é square km while thelmales was apppoximately 1.2
square kilometers, |
INTRODUCTICN

An analysis of diet foraging methods and home range of Kestrels at Point
Reyes National Seashore in Marin County, California, during the winter of 1981 -
1982 concentrated on a male and female @ith adjoininévterritories, wiﬁh additional
observations of two other males and four females. This winter was the most severe
in over thirty years with unusually high pregipitation and low témperatures, dis-
rupting field observotions for nine days.

The study site was located at the far North end of the seashore. It was
. relatively undisturbed by humans during this study. .The study areaconsisted of
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flat to hilly open grasslands providing for easy observation of the Kestrels.



JSince there is sexual dimorphism in the American Kestrels both in size and pelage,
Cade (1955) they were easily identifiable in the field. The project encompéssed
approximately two and a half months with a total of’sixfy days in the field and
approximately 480 hours of observation +time including examination of traps and
insect censuses.
STUDY AREA
Thg Point Reyes National Seashore, Tule Elk Range consists of extensive

grasslands, broken by slopes, ravines and gullies with baccharis (Faccharis pilularis),
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Lupine (Lupinecs sp), Brooms (Cytisus sp.), and Toison Ozk (Rhus diversiloba). In

addition, there are a small number of introduced blue gum eucalypfus trees (Bucalyptus

golbulus), Monterey cypress (Cupressus macrocurpa) and other plants exotic to the

area., The Tﬁle Elk range is Surroundéd by water on three sides. The West and

North are bordered by the Pacific Ocean and the Eést by Tomales Bay (Figure 1).

Thé southern end of the range is separated from the adjoining ranch by an eight-
foot tall wire fence that keepé~cattle from encroaching into thg Elk range as well
as restricting the elk, The study site extended from the elk fence to approximately
300 metersinorth of Wiﬁéj Gap where the male's territory ended»(Eigure,l)"

METHODS AND KATERIALS

Field observations were made with a Swift Nighthawk Mark 1 8 x 40 binoc-
ulars and a 15 power spotting scope. Observation distances ranged from 20 m to
500 m; however, most were from 75 to 250 meters.

To locate the Kestrels I hiked along ridge tops or along the ecotone
between the grasslands and scrublands scanning trees, defoliated brooms, baccharis,
sign post, telephone poles, and fence post.?_When a Kestrel was located a spotting
sCoPe vas sef up at a convenient location. Behavioral observations were recorded
on a small cassette tape recorder. Observations were transcribed into a fiéld

notebook each evening. A stopwatch was used to quanitfy periods of hovering,
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flying, perching and preening}

Kestrels are primarily insectivores; but they.aiso consume small mammals,
birds and reptiles-(HeintZelﬁan 1964). One census method was used to estimate the
population density of small mammals, (Otis, D.L. et. al. 1978) and two methods were
used to sample the insect diversity at Point Reyes National Seashore’'s Tule Elk
Range.

METHODS FOR SMALL MAMMAL TRAPPING

During a four-week period, 100 Sherman live traps were set up in a 200
meter square grid. Two sites were sampled, both heavily utilized by the Kestrels
vhile foraging. Traps were checked twice per 24 hours, at dusk and at sunrise.
Trapping continued for—five consective days, Monday through Friday. The following
Monday, they were reéet at the second site, Eaéhusite was trapped every other
week for a total of two samples per site. Two traps per grid were set up in open
grasslands with the grid crossing scrubland-grassland ecotone. Traplines nine and
ten were in the ecotone; the other eight traplines were in the open grassland.

To establish the small mgmmalAdensity and distribﬁtion between the open gfasslands
and scrublands, the Mark-recapture population and density estimation progﬁam
developed by the Utah Cooperative Wildlife Research Unit was used.

METHODS FOR INSECT CENSUS

An insect census was conducted to determin? the availability of insects
in the study area. A 30 cm insect net with a 1.5 m gandle was used for a total of
twenty figure eight sweeps (ten from the right and ten from-the left). The insect
census occured in the same location as the small mammal traplinés were located.
Insects cap{ﬁred were placed in a liter size Jar containing ethyl acetate. The
insects were then removed and placed in plastic bags labeled by sample site and
dated. All insects were identified to order.

‘ . : 2
A second method was used to estimale grasshopper density. A Im~ frame



was randomly placed in open grasslands which were utilized by the Kestrels. The
are%within the frame was then carefully searched and the number of grasshoppers,
if any wvere counted.

The insect censuses were used to dstermine what insect orders inhabited the
aTea and which ones.were being consumed by observations of the Kesirels themselves
and the examination of their castings. The insect censuses vere conducted in the

open grasslands that vere being utilized by the Kestrels.

METHODS USED IN LOCATING KESTREL CASTINGS

A casting consists of the indigestible partssuch as hair, extoskelton,
teeth, and bones, that are consumed, then compacted and regurgitated. As often as
possible, the Kestrels were followed at dusk to.their evening roost. The following
morning after the Keétrel had departed from its roost, the ground would be ekamined
for castings. Additionally, under four ﬁerches, two sign posts and two telephone
poles, a four x four square fine-wire screen was placed around the perch to catch
the castings, the vertebrate and invertebrate remains. The Li{tn location was the
vater tank on top of a Qzll with a pyramid-like réof. Approximately a meter from
the top, a wire catch-screen was placed completely around the wa{er tank perch site
to collect vertebrate or invertebrate remains. Each morning, each ﬁereh site wés
examined for castings. When castings were 1ocate&, they were placed in a plastic
bag with the date and location, thus keeping them separate for later examination and
for finding out if there were any significant diffeéénces in the contents of the

male and female castings.
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PREDATORY EFFICIENCY

The Kestrels attempted to capture prey from a perch 21% of the time and
from a hovering position v9% of the time. However, no hawking (Balgooyen, 1972)

was observed at any time., Of a total of 758 attempls recorded, 253 (33%) were

sucoeseful, 505 (67L were unsuccessful, and 36 were of undetermined success.



The undetermined attempis to capture prey were not calculated in the predatory
efficiency portion of this study. Visual obstruction such as flora or the Kestrels
completing an attempt to capture prey behind a hill or favine resulted in the
undetermined attempts.

The hunting method most commonly used by the Kestrels was hovering.
Hovering was not significantly more effective than stillhunting (perching). The
Kestrels conducted 579 attempts from a hovering position, of which 201 (35%) were
swecessful and 32 attempts were undetermined. Tables 1 and 2 show the breakdown
betveen the twe different methodé used by the Kesfrels while hovering. Table
3 gives the combined results of both methods used by the Kestrels while hunting in
a hovering position. Of the 179 attenipts to capture prey from a perch, 52 were
successful and four were undetermined, tﬁus resulting in a success rate of 29%.
Additioﬁally, Table 4 gives the breakdown of huntikg efficiency while the Kestrels
were perched, and Table 5 gives the combined results of hovering.and perched
hunting methods,

TABLE 1

RESULTS oF HUNTING BY HOVERING, PLUMMETING ATTACK

MONTHS CAPTURES ATTEMPTS UNKNOWN PERCENT
DEC 1 5 3 20.0
JAN 11 © 59 6 18.6
FEB 17 -89 10 19.1

— L — = R
29 153 19 18.9
TABLE 2

RESULTS OF HUNTING BY HOVERING, FEET FIRST ATTACK

MONTHS CAFTURES ATTEMYTS JHKOWN PERCENT
DEG 0 11 2 .0
JAN 109 248 6 43.9
FEB 63 167 5 37.3

172 426 13 40.3



TABIE 3

COMBINED RESULTS OF TABLES 1 AND 2, HUNTING WHILE HOVERING

MONTHS  CAPTURES ATTENPTS . UBKNOWN PERCENT
DEC 1 16 5 6.2
JAN 120 307 iz 39.1
FEB 80 256 i5 31.2

201 579 22 34.7
TABLE L

RESULTS OF HUNTING EFFICIENCY FROM A FERCH

MONTHS CAPTURES ATTEMPTS UNKNOWN PERCENT
DEC .19 6L 1 28.6
JAN 18 58 i 31.0
FEB - 15 57 2 26.3

52 179 L 29.1
TABLE 5

TIITY - T T Tmon . T r‘r“ 1 T ] n
COMBINED RESULTS OF HOVERING AND PERCHED HUNTING EFFICIENCY

MONTHS CAFTURES ATTEMNPTS UNKNOWN PERCENT
DEC 20 80 ) 25.0
JAN 138 365 13 37.8
FEB 95 ' 313 ‘ 17 . 30.3

253 758 . 36 33.3
Hovering was the most successful means of hunting. Most of the large
invertebrates and all the mammals, birds and reptiels during thié study vere
captured during hovering. Of the 224 inver£§brates captured, 172 (76.7%) were
caught while'the Kesirels were hovering and 52 (2}.3%) occurred from a perch.
Additionally, a significantly large percentage of identifiable large invertebrates

were captured while the Kestrels were hovering (Table 6).



TABIE 6

A COMPARISON OF HUNTING EFFICIENCY BETWEEN HOVERING AND PERCHED
POSITION CF KESTRELS

PREY SPECIES NUMBER CAPTURED HOVERING PERCHED.
INVERTEBRATES‘
Odonata (Dragonflies) 1 1
Coleoptera (Beetles) 5 2
Orthoptera (Grasshoppers) 53 36 17
Unidentified ' - 165 133 ' 32
22L 172 - 52
VERTEBRATES ‘
Microtus californicus 7 7 0
Reithrodontomyes megalotis 2 2 0
Peromyscus maniculatus i ! 0
Zonotrichia leucorhrys 1 1 0
Bird , unknown passerine 1 1 0
Gerrhonotus coeruleus 1 1 0
Unknown lizards 2 2 0
) Unidentified 14 1k 0
0

29 29

. PERCHED HUNTING

While the American Kestrels were perched and actively éeeking prey, their
perch si{es varied in height from a Baccharis bush 1.2 m tall to a limb of a
Monterey cypress tree 22 m above the ground. . The Kestrels would always be perched
on an exposed branch with no foliage that migbt obstruct the field of vision, or
they would perch on a sign post or telephone pole. From the perch, the Kestrels
would scan the terrain for potential prey by rotating or tiliing'their heads
downward. Upcn locating a prey item, the Kestrel's head "would snap into a fixed
rosition” (Pélgocycn, 1972). The Kestrel would then attempt to capture the prey.
However, "if the prey is improperly oriented for attack, the hunter intently waits,
frequently engaging in exaggerated head-bobbings and tail-pumping" (Balgooyen, 1972).

On three specific cccaslions, grasshoppers were observed moving
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approximately 8 to 14 m from a perched female Kestrel. The female stopped her
head movement on two occasions, looked where the grasshopper had landed, and”flgw
to the area and landed. The Kestrel then flew back to {he perch and ate the
grasshopper. On the other occasion, the Kestrel observed the graéshopper land
approximately 12 m from its perch. Again the head movement stopped. However, on
this occasion, the Kestrel appeared to become transfixed;on the grasshopper. The
female Kestrel began much head;bobbing and tail pumping, often épreading her tail.
This continued for 43 seconds, whereupon the Kestrel flew to the area and landed

&

for 11 seconds and during that

floating feet first. She remained on the groun

)
[on]
Hy

I

time she moved about before returning to her perch with a successful capture of
a grasshopper, This activity was observed often while the Kestrels hunted from
a perch,

HOVERING HUNTING

When hovering, the Kestrel would have its head tilted dow gard and
vrelatively stationary. When prey had been located, the Kestrel.would use one of
two differen£-attack methods. The Kestrel would plummet directly dewnward, head
first with wings near itg'gides vhen after mammals or other vertebrates or, a
floating feet-first dive when after invertebrates (Roest, 1957).

During the period of observation, the Késtrels conducted 76% of their
hunting activity from a hovering position. As the wind reached 5 km per hour or’
greater, the Kestrels would often be found hovering rather than perching. The
Kestrels hunted over the open grasslands and in the ecotones betWeén the grasslands
and scrublands. |

The Kestrels captured their prey éith their feet and gilled it with
their beak. When th: Kestrels land and had captured a prey item, the bird would
remain on the ground for 4 to 13 seconds moving its head down to its talons and
killing its prey or consuming it on the spot. While on the ground, the wings

remained spread on every occasion,



The low number of captures of vertebrates could be é?related with the
1qw population density of small mammals in the study area. Reptiles were not as
abundant as small mammals possibly because of the low temﬁeratures and high
precipitation during the wiﬁter.

Most of the literature supports the conclusion that Kestrels take flying

prey on the wing (Church, 1967 and Mayr, 1966). However, during this study on one

occasion, a White Crown Sparrow (Zonotrichia leucophrys), was captured while
perched. The'male sﬁarrow was perched on top of a broom singing. The Temale
Kestrel was hoverihgiap@fﬁximately i5 - 20 metéfs above ground level and 20 to 30
meters from the sparrow. The Kestrel went into a head-first plummeting dive with
wings near its sides. When approximately 3 to 5 m from its chosen prey, it spread
its wings in é somewhat eXéggerated U and had talons down and open. It struck the
sparrow while it remained perched. It appeared as if the Kestrel landed where the
sparrow had been perched for approximately 6 seconds. There was much head activity
by the Kestrel around its talons. The Kestrel then flew witﬁmueh difficulty to its
perch, approximately 100 m away. On the second occasién, the Kestrel again plummeted
head first; however a cggture-was not observed.

INSECT SWEEP CERSUS

Of the ten areas that were randomly chosen that the kestrels-frequently
most often, the insect sweep included the orders Coleoptera (Ladybird Beetle),
Orthoptera (Grasshopper), Diptera (Flies), and Hemipﬁera (Stink Bug), (Table ?).

A large number of the iﬁsects caught in this census %ére also found in the casting
and seen during observations.

The second insect census method vas to obtain some quéntitative information
on grasshoppér sopulation density in the areas the Hestrels were utilizing. The

results of the grasshopper census in Area 1 and Ared 2 are presented in Table 8.



TABLE 7

INSECT CENSUS RESULTS TAKEN AT POINT REYES
(SEE MAP FOR AREAS WHERE CENSUS WAS: TAKEN)

AREA ORDER OF INSECTS FREQUENCY OF INSECTS
Araneida 17
Coleoptera i3
1 Orthoptera 7
Diptera ' : ' 6
Coccinellidae
Araneida 11
Orthoptera 8
é ’ Coleoptera 5
Coccinellidae 5
Diptera 1
Hymenoptera 1
TABLE 8

FREQUENCY OF GRASSHOPFERS FOUND PER 11° FRANE -

RANDOMLY PLACED IN OPEN GRASSIANTS

AREA GRASSHOFPPERS PER FRAME H”“QJ_N@’ o OC?JTEIUH~; DENSITY
0 28 ' ,3?;}:}':‘ Im?
1 . 1 7
2 5
0 26 HS per I y
1
2 2 5
3 1

. SMALL MAMMAL CENSUS
The overal capture of all small mammals ras low with a net result of
26 during the first week in Area 1 and 34 in the second week of trapping. Area

-~ 2's results were somevwhat higher with the first week of trapping resulting in
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the capturing of 41 animals and the second week 32 animals being captured. Table

9 has the number of animals caught and population densiiy estimate was obtained

by the computer program; |
TABLE 9

POPULATION DENSITY OF SMALL MANMALS AT POINT REYES

AREA SPECIES NUMBER CAPTURED POPULATION DENSITY/HA
% ,
WEEK 1  Peromyscus maniculatus 12 13
Reithrodontcemys megalotis 8 12

Microtus californicus

Sorex ornatus 4 , 0
Total : 26
WEEK 2 . Peromyscus maniculatus 18 - 23
Reithrodontomys megalotis 9 ' 13
Microtus californicus 7 b
Total , 34
2
WEEK 1  Peremyscus maniculatus 28 L1
. Reithrodontomys megalotis 1é 14
Sorex ornatus 1 . 0
Total L1
WEEK 2  Peromyscus maniculatus 17 S 23
Reithrodontomys megalotis 11 v 12
Microtus californicus b b
Total 32

EXAMINATION Of KESTREL CASTINGS

. Of the 32 castings that were éollectéd from the Kestrel's perches,
undanaged castings iotal\Zé. The lengths of(?he castings varied from 16mm to 38mm,
and the widths ranged from 10mm to 14mm. The average was 24.L4 mm x 12.4 mm, thus
finding approximately what Davis (1960 and Elliss (1946) found in their examination

of Kestrel castings.
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The examinations of the castings revealed grasshoppers were the prey
species utilized the most (Table 10). Also beetles were taken in large abundance

and Microtus californicus was the mammal most frequently taken.

TABIE 10

CONTENTS OF KESTREL CASTINGS

SEX CASTINGS INSECT ORDER  # INSECTS OF EACH ORDER MAMMAIS # OF MAMMAIS
Orthoptera 38 M. califcrnicus 3
Coccinellidae (ladybird) 13 R. megalotus 2
Male 14 Coleoptera i1 Sorex 1
Diptera 2
Dermaptera 1
Orthoptera 53 M. californicus 7
Femare |  Coccinellidae 17 R. megalotus 3
Coleoptlera 1g P. maniculatus

HABITAT SEPARATION

Territoriality, habitat separation and differences in sex rations of
American Kestrels ﬁintering in different locations have been reported by other
researcher (Hoest 1957, ﬁbplin 1973). During this'stgdy, there Wére six females
and three males located in the Tule Elk Range. A rather distinct difference in
habitat selection by the Kestrels was observed during this project. The female
Kestrel had more open habitat than the male. ‘The male also used somewhat smaller
patches of grassland and relatively more scrubland than the female (Figure 1). '

During this study, the male Kestrel encroached on the female's territrory
on a least seven different occasions. On six occasions the female gave chase and
issued several loud "kleeing" calls as she ﬁﬁfsued the male. On one occasion the
male was perched in ilhe female's territory ﬁhile she was hoveering approximately
500 m away. The female moved to a telephone pole approximately 125 m from the
male. She remained perched for approximately ten minutes wherepuon she flew

directly towards ihe male. The male then left his perch and landed on the far
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northern portion of a barn, approximatley 40 m away but still in the females.
territory. The female remained perched for about three minutes whereupon she

Tlew to the far southern end of the barn and landed. Both Kestrels remained A

- perched for an additional seven minutes, one or both periodically letting forth with
several "Klees"., The female then Tlew to the male and displaced him, pursﬁing the
male out of her territory. Brown and Wilson (1956) state that hébitat segregation
of wintering Kestrels by sex is a form of character displacement and reduces

intraspecific competition for food resources.

During the period of observation, the Kestrels hunting methods included
hovering (76%) and still hunting (33%). The Kestrels captured their prey on the
ground or near it (Bond 1936). This metbod was also observed at Point Reyes, The
Kestrels take different types of prey species more or less innproportion to their
abundance. AtvPoint Reyes' Tule Elk Range, invertebrates consti£uted 89% of the
prey items capturea and éonsumed; mammals and/other vertebrate made up the other
11%. Of the invertébraies taken, grasshoppers were heavily utizlized, constituting

¥

90% of the known invertebrates captured. Microtus califoricus was the small mammal

that was captured most often of the known vertebrate, it was taken 47% of the time.
The low capture of vertebrates, especially small mammals could be correlated with
the low population of the animals and the severe winter that occurred at Point
Reyes in 1982. The Kestrels hunted throughout the déy. This may be correlated with.
insect activity. Invertebrates and reptiles are poikilothermous, and remain active
most of the day if insolation and comfort tgmperatures are high.

Balgooyen (1972) and Callopy (1973\) found that the Kestrels .c'onducted |
most of their attempts 1o capture prey from a perch and were significantly more
successful than hoveriné attempts to capture prey. Possibly because of the relatively

low number of perches available and because the area which the Kestrels were
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utilizing was situated near the ocean which provid a substantial wind factor, the
Ke§tfels found it more advantageous to conduct their hpnéing while hovering rafher
than perching. Hovering scemed to give the Kestrels more territory to scan and
find prey than a perch position offered. Additionally, Balgooyen (1972) found

that the Kestrels at Sagehen did not hover unless the wind velocity was 5 km per
hour or greater. During this study at Point Reyes, there rarely was a day that the
wind velocity waé né% greater than 5 km per hour. Therefore, the-Kestrels in this
area hun;ed while hovering substantially more than they did from a perch.

As Roest (1957) reported, The Kestrels plummet in a head-first dive when
after mammals and feet-first when attempting to capﬁure insects. These same methods
were observed during this study. Additioﬁally, Roest (195?) found that the majority
of capture attempts by the Kestrels was a floating feet-first downward attack, which
Was observed in this study. Of the 579 total attempts to capture prey while hovering,
201 attempts (34.7%) were successful, However, the Kestrels were significantly more
~successful while Hoveriﬂg and attempting to égpture prey with the feet-first dive.
The floating-downward attack method had a successirate of 40.3% or 172 successful
captures out of 426 atteépts. The plummeting head—firét for smail mammals or
other vertebrate had a success rate of 18.9%, that is 29 captures out Qf 153 attempfs.
This study did not reveal any plummeting head-first attempts for prey from a perch;
only the feet-first floating method ﬁas used.

Hovering allows for.greater utilization oftan area; that is, more
territory can be viewed while the Kestrels are hovering than when they are perched.
Hovering always was accompanied by the wihdk and the Kestrels would always orient
into the wind., Otherwise, the energy expenditures would have become too costly
(Balgooyen, 1972). It was noted during the observations of the Kestrels while

r
they were hovering that the wing movement, tail width, and body angle coresponded

with the wind velocity. When the wind exceeded approximately 10 km per hour, the
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kestrel's tail vas not spread wide,>(only approximately a third to a half of its
potential width). Additionally, there was little wind movement, and the Kestrels
vere almost horizontal to the ground. Yhen the wind was less than 10 km per hour,
or they wvere in an area that was not exposed to a great amount of wind, the tail
VWas spread to the maximum, and jt would often Sﬁread ina V shapé. Its body
-appeared to be tilted upwards slightly thus possibly to provide better 1ift.

The insect sWeep census was conducted twice during this project with
rather poor results on both cccasions. rThis could possible be attributed to the
high precipitation that occured this year at Poinf Reyg. Additional surveys 1in
the following years during the same period of time could shed light on the low
population of insects. The insect census did correlate with the findings in the
castings and %hat the Kestrels were oﬁserved utilizing.

Along with the poor insect census results the small mammal population
was low, The low number of animals captured indicates the small mammals in the
area are at a low in the;r three and four-year annual cycle. Additionally, the
results of this years winter ;ould ha;e had an effect in reducing the number of
small memmals. |
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Future observations on hunting efficiency of the Kestrels at Point Reyes'

Tule Elk Range is nceded to indicate whether or not the Kestrels would take more

15



small mammals in relation to insects when ‘he small mammal population densi%y is
higher. Balgooyen (1972) found that almost 70% of the ‘successful capture of prey
at Sagehen involved vertebrates. A comparison should be made between the Kestrels
at Point Reyes and other seashore areas to coﬁpare the time spent hunting by hovering
and still hunting. Balgooyen (1972) found that approximately 97% of the hunting
activities of Kestrels at Sagehen occﬁred from a perch,and Collopy (1973) found that
the Kestrels hunted from a perch approximately 81% of the time.
Kestrels hunted by twd methods of hovering and from a perch. They
captured their prey on or near the ground usuall& in the open grasslands and
along ecotones. The Kestrels at Point Reyes apparently take prey species more
or less in prgportion to their abunda£oe. Invertebrates constituted about 89% of
their diet while Vertebrates.constituted'approximdtelyv11%. The Kestrels success
rate varied from perch hunting 29% to 34.7% while hovering. The-two methoas that
the Kestrels used while hovering, plummeting was the least successful with a capture
rate of 18.9% and the feet—first floating attack Has‘successfullbO.j% of the time.
Habitat separation of the male and female was rather distinct with the
females territory approximately twice the size of the.males, 2 square km for the
female and 1.2 for the male, Habitat separation céuld be to lower intraspecific

competition between the Kestrels.

16



%
3
|

R

B

P R S S FUIONES NPONP SO S
»

S S A S

' BIBLICGRAPHY
BAKER, .J., K.
i 1962 The Manner and Efficiency of Raptor Depredations on
Bats, Condor, 641500-50% °

2ALGOGY‘L{ T, G, .
f 1971, Pellet Regurgitaticn by Captive Sparrow Hawks
(Falecc sparverius), Condor, 73(3)1382-385.

1972, The Behavior and Ecology of the fmerican Kestrel

(raleco sparveriug). Unpublished Fh.D, dissertation,
Univ, of Galiiornia, Berkeley. 169pp.

! 9/6 Behavier and Ecalogy'cf he imericsn Kestrel
SRR (Falco sparverius) in - he Sierra Nevada of Calzfoxnla.
.1 edrp )
¢ LBISHOP, B. C. ' ‘
G | 1925, Notes on the bating Habits of the upar row Hawk. Auk,
e ;' Z x‘ : 4£1?Duw269
i HOID R. M. = :
L . & i
1936, Eating Hablts of Falcons with QDCVIQI Refernce %o

L—L)
L lysis, GCondor 3817276, ‘
1943, Variation in Westren Sparrow Hawks. Cohdor, 45:168-185

19535 Tﬁ”tlAW"ntS on Winter Territ coriality of the American

i Is
i : Kaotrel, (Palco,sparverius), Wilson Bull. 67(1):1-17,
- CHURCH, R. ©. .
:, 4 ;96?, Capture of a Hoary Bat (Lasiurus,c cinereus), by a

; Sparrow Hawk, Con or 69426, 1 ,

(IOT IJOPY i’le“’ ¢ : 5
: 19?7 Pooed Caching by ﬂemaT imerican Kestrels in Vinter,
s

C'niﬂx, 7916368

l

:, 51 i '!;T :
;232 ; 197}; Prva@vory Fffzclency of American Kestrels Wintering in
;*;gAgW;' , rorthWCSLan California. Raptor Res edrch 7(2):125-31
N N R - . o .
' ?zﬁﬁﬁj {L}D J. J., snd F, C. CRAIGHEAD, JR. . e
Yo ,}¢:1950. The Leology of Raptor’ Predation,  Trans. N, Amer, Wlldl.

iy ‘?‘r ! Con. 1)!409*423 ;A - . ;

.\ CROFT, J [ '

I -g 39  Sparrow Hawk Captures- Starling. 63401 WILSON BULL.

U pavis, T, AW | |

' 1960. Keut P ts at a Winter Roost, Wilson Bull.

GSLre* rellets
. | 55(7) 281281,

 FAST, A, H., and L. H. BARNES

©© 1950, Behavior of Sparrow Hawks. ¥ilson Bull., 62136,

i
-t

' GOSLOW, G. E., JR. ‘
1971, - The Attack and gtrike of some North American Raptors,

i
1’ 4
L fuk, 88:815-827,



SR—— - R S,

* }ik‘é‘{rj} ¢ J"o

1972,
A

|

Food Habits of American Kestrel in a Low Vole Year,

Raptor Research, 6(1)i11-3.

HEINTZELMAN, D. S.

1964,

Spring and Summer Sparrow Hawk Food Habits, Wilson

Bull,, 761323-330.

HILL, N, P

1944,

INGLES L
' 3940.

LAMORMi"m

1956..

1

i '

LOCKE, L. N

i9§1;

| i
MAYR, E. .
: ! 1938:

MILLER, 1.
iQLL

I Iq b(‘ob\ Gc

i976.

MUELLER, H

1971;
} !

973

‘:
Ly
1

-

% 19/
A C
1963,

NAGY,

NEWTON, I.
1979.

. Some

ol 19§6;‘

>BuTl., 53(3):24

.

Se.ual Dimorphism in the Falconiformes, Auk, 611223234,
C. :
Experiments Bearing upon th

Observations and
CondorleQ~lO5.

Predation of the Sparrow Hawk,
and A, HAYSE

Sparrow Hawk Preys on MeXiczn Frece-Tailed Bat at Falcon
leservior, J. Mammalogy, 44:574,

W, :
Foed Habits of Wintering Sparrow Hawks in Costa Riea,
¥ilson Bull., 82:97-98, :

sparrow Hawk Preys Upon American Robin, Wilson Bull.,

68;154

Sparrow Hawk Feeding on Dragonflies, Condor, 631342,

Agk; 553522“523¢
huk, 83:664,

of Sexes

Hummlngblrd Caught by Sparrow Hawk,

The Propertion in Hawks.

Sparrow Hawks Roosting Schedule, Condor, 56:230-231,

fmerican Kestrel Sex Ratios and Habitat Separation,
Aukg 933?@O~?48{

C.

Displays and Vocaliza Wilson

~-254,

The Developnenu of Prey RECO”nltlon and Prea 1tory
BEFdVlO; in the American Kestrel (Falco sparverius)

; .
tions of the Sparrgw Hawk,

Prev Selection in the American Kestrel Experiments with

Two Specles of Prey, iliggz )1 25-29,

ty of Sparrow Hawks in Eastern Pennsylvania,
13 .

Population Densit)
93

i
Viilson Bull.; 75

k'

Population Ecology of Raptors, Buteo Books, Vermillion,

South Dakota, 399pp.

i



e A

. 1t et e s il i 4

A L AR A 4

L I i

0T1S, L. D., K. P, BURNHA¥, G. L. WHITE, and D, R, ANIJERSON.,
v 1978, Statistical Inference from Capture Data on Closed Aniamal
| Populations. Wildlife Monographs number 62,

' ROEST, " A. I,
‘ 1957, Notes on the American Sparrow Hawk, Auk, ?74:1-19,

SPARROWE, R. D, |

1972, Prey Catching Behavior in the Sparrow Hawk., J, of wWildl,
_ damt,  36(2)1297-308,

STENDELL, R., and L, WATIAR
Observations on food-caching by an Adult Female Sparrow
Hawk., Condor,; 70(2):187,
B

67:139-140,
\ , LI al}d }La }'{ [ ‘l}iIr\.G g
&' 1939, Food Consumption of a Sparrow Hawk, Condor, 41:168-170
'WOLHUTER, R. R, :
b 1971, Sparrow Hawk Predation on a Meadewlark., Bird Banding,
‘ [ 42(3):221,

-
. k)
T i H ¥ '
i I P '
Vi ¥ 1 £ i . .
: M : t s 1’ ! . '
; i : i ! '
3 P ey 5 i 1] pf -
i § ¢
R . , } ; ,
; ! ! ) !
i . G t
; jo & T : 4
z '; i % : !
! 5 i
L2 .
i !
* i
{
i i
P
& }
i
H



