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PREY USE AND PROVISIONING RATES OF BREEDING
FERRUGINOUS AND SWAINSON’S HAWKS ON THE
SOUTHERN GREAT PLAINS, USA

MATTHEW D. GIOVANNIL'#* CLINT W. BOAL,"* AND HEATHER A. WHITLAW?

ABSTRACT.—We collected diet data at 12 Ferruginous Hawk (Buteo regalis) and 14 Swainson’s Hawk (B.
swainsoni) nests in a short-grass prairie and agricultural community in the panhandle area of northwest Texas
and southwest Oklahoma, and in northeastern New Mexico during the 2003-2004 breeding seasons. We docu-
mented 959 Ferruginous Hawk and 1,058 Swainson’s Hawk prey deliveries during ~5,618 hrs of video moni-
toring. Ferruginous Hawks delivered 10.0 = 0.7 (¥ * SE) prey species per nest and typically larger prey.
Swainson’s Hawks delivered 13.4 £ 1.1 prey species per nest and typically smaller prey. There was a dietary
overlap (Simplified Morisita Index [Cy]) of 0.31 in prey species delivery frequency and 0.56 in prey species’
biomass. Ferruginous Hawks made 4.6 deliveries/day at 480 g/delivery whereas Swainson’s Hawks delivered
smaller prey items (147 g/delivery) but more frequently (7.0 deliveries/day). Deliveries/day and mass/day in-
creased with increasing brood sizes of both species, but deliveries/day/nestling and mass/day/nestling decreased.
Provisioning rates did not vary significantly over the nestling period. These data represent the most accurate
diet quantification to date for Ferruginous and Swainson’s hawks. Ferruginous Hawks used a larger array of
prey types than shown in other studies based on indirect diet analysis methods. The low interspecific diet overlap
suggests that prey is partitioned, which may facilitate the well-documented sympatric distribution of the two

species. Received 31 August 2006. Accepted 23 December 2006.

Food and feeding habits are among the
most fundamental components of animal ecol-
ogy (Errington 1935). Initial studies of raptor
diets were directed at assessing impacts of
depredation on game species and livestock
(Errington 1930). More recent studies provide
information on raptor niches in relation to
community structure, and on the availability
and distribution of prey species (Johnson
1981, Marti 1987). Prey availability and com-
position can affect all aspects of raptor species
ecology including population trends (Newton
1979, Woffinden and Murphy 1989, Cully
1991, Olsen 1995). Thus, quantifying and un-
derstanding diets is an essential component
for successful management and conservation
of raptor species.
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Ferruginous Hawks (Buteo regalis) and
Swainson’s Hawks (B. swainsoni) are often
sympatric in grasslands, shrub-steppe, and de-
serts (Bechard and Schmutz 1995, England et
al. 1997). Both species have experienced pop-
ulation declines, primarily due to habitat con-
version and degradation, but also from per-
secution and secondary pesticide poisoning
(Schmutz and Fyfe 1987, Houston and
Schmutz 1995, England et al. 1997). Research
on sympatric Ferruginous and Swainson’s
hawk populations has been limited to the
northern and western regions of their breeding
distribution. Most studies have focused on in-
terspecific comparisons of nest site selection,
distribution, productivity, and success but also
on diet composition and responses to prey
fluctuations, and effects of anthropogenic ac-
tivities (Thurow and White 1983, Steenhof
and Kochert 1985, Schmutz and Hungle 1989,
Cully 1991, Restani 1991).

Diets of Ferruginous Hawks are monotypic
compared to the more generalist diet of
Swainson’s Hawks (Bechard and Schmutz
1995, England et al. 1997). Jackrabbits (Lepus
spp.) tend to be the dominant prey of Ferru-
ginous Hawks west of the Continental Divide
whereas ground squirrels (Spermophilus spp.)
and prairie dogs (Cynomys spp.) are dominant
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FIG. 1.
(SWHA).

prey to the east (Bechard and Schmutz 1995).
Prairie dogs are an important, if not critical,
prey item for migrating and wintering Ferru-
ginous Hawks in Texas and adjacent states
(Schmutz and Fyfe 1987, Cully 1991, Allison
et al. 1995, Plumpton and Andersen 1997).
The availability of prairie dogs appears to
have induced Ferruginous Hawks to forage
and over-winter in heavily cultivated areas of
Texas (Schmutz and Fyfe 1987) and frag-
mented suburban areas of eastern Colorado
(Plumpton and Andersen 1998).

The importance of prairie dogs as prey for
breeding Ferruginous and Swainson’s hawks
has not been well investigated. Furthermore,
breeding season diets of Ferruginous Hawks
in the southern extent of their range are most-
ly unknown. The potential use of black-tailed
prairie dogs (Cynomys ludovicianus) or spe-
cies associated with prairie dog colonies (Ko-
thiar et al. 1999) by Swainson’s Hawks has
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Study area and distribution of 12 Ferruginous Hawk nests (FEHA) and 14 Swainson’s Hawk nests

also not been investigated. An understanding
of the potential relationships between black-
tailed prairie dogs and these two raptor spe-
cies is important because prairie dogs have
been and continue to be subject to extensive
eradication efforts throughout their range, and
have experienced an estimated 98% popula-
tion decline (Kotliar et al. 1999).

The overall objective of this study was to
quantify the breeding season diets of coexist-
ing Ferruginous and Swainson’s hawk popu-
lations. Our specific objectives were to: (1)
identify the prey species of both hawk species
in terms of delivery frequency and biomass,
(2) examine dietary breadth and overlap, (3)
compare daily provisioning rates, and (4)
evaluate the effects of brood size and nestling
age on prey provisioning.

METHODS

Study Area.—The study area (Fig. 1) en-
compassed the U.S. Forest Service Rita Blan-
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ca National Grasslands in Dallam County,
Texas and southern Cimarron County,
Oklahoma, and the eastern section of the Ki-
owa National Grasslands in Union County,
New Mexico and adjacent private property
where access was permitted (36° 20" N, 102°
40" W). This tri-state area is within the South-
ern Great Plains Region with elevations rang-
ing from 1.144 to 1,558 m. The historical
plant community type is short-grass prairie,
the driest of the mid-continental grasslands
(Brown 1985), and sporadic droughts are
common in the region (Samson et al. 2004).
Warm, dry summers and cold, dry winters are
typical of the study area with Dallam County,
Texas, receiving an average of 18.6 cm of pre-
cipitation annually, most of it from April to
August (National Weather Service 2004).

The national grasslands included in this
study encompassed ~81,000 ha of various
sized tracts of short-grass and mixed-grass
prairie interspersed among private property
holdings. They supported cattle grazing, out-
door recreation, and wildlife management
(U.S. Department of Agriculture 2004). The
adjacent private property supported agricul-
tural crops such as corn, sorghum, and wheat,
cattle ranching, and a variety of range man-
agement and conservation programs.

Common vegetation included warm- and
cool-season grasses such as Bouteloua and
Elymus spp., buffalo grass (Buchloe dactylo-
ides), silver bluestem (Bothriocloa laguro-
ides), and other species including sagebrush
(Artemisia spp.), plains yucca (Yucca angus-
tifolia), buffalo gourd (Cucurbita foetidissi-
ma), and plains sunflower (Helianthus petio-
laris). Trees and woody shrubs were sparse
and consisted primarily of crop, road, and res-
idence shelterbelis. Tree species included Si-
berian elm (Ulmus pumila) and plains cotton-
wood (Populus deltoids occidentalis). Less
common species included Russian olive
(Elaeagnus angustifolia), eastern red cedar
(Juniperus virginiana), and black locust (Ro-
binia psuedoacacia).

Nest Selection and Video-monitoring.—We
located breeding Ferruginous Hawk and
Swainson’s Hawk pairs by visiting known nest
sites (unpubl. data), and conducting road sur-
veys during courtship and incubation periods
beginning in March for Ferruginous Hawks
and April for Swainson’s Hawks. We assessed
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the status of nests from a distance with optics
and an extendable mirror-pole at the nest site.
We considered an area occupied by a breeding
pair of hawks if an adult pair was present at
the nest site and nest-building, or if eggs or
nestlings were present.

We used video-recording systems (Giovan-
ni 2005) to document prey deliveries at a dif-
ferent sample of Ferruginous Hawk and
Swainson’s Hawk nests each year. We ran-
domly selected nests for video-monitoring but
logistical restraints (i.e., private property ac-
cess and unsafe nest substrates) prevented us
from using some of the initially selected nests.
We installed video systems during the nestling
period and moved video systems to a new nest
site after failure or fledging of young at the
initial nest. We programmed the systems to
record from 0630 to 2130 hrs CDT at 72-hr
(1.3 frames/sec) and 48-hr (0.8 frames/sec)
speeds (Smithers et al. 2005). This allowed
recording 3—4 days of 15-hr daylight intervals
on a single 2-hr tape. We changed videotapes
and batteries twice each week to insure con-
tinuous video coverage.

We attempted to identify prey items to the
lowest taxonomic level possible. We catego-
rized delivered prey as unknown when no im-
age of the item was visible but a delivery was
evident based on behavior of the hawks. We
grouped eastern (Syivilagus floridanus) and
desert (S. audubonii) cottontails, and yellow-
faced (Cratogeomys castanops) and plains
(Geomys bursarius) pocket gophers into sin-
gle, generic prey types (i.e., “‘cottontails™ and
“pocket gophers™). We assumed all grasshop-
per deliveries to be plains lubber grasshoppers
(Brachystola magna) (Pfadt 1994).

Age and Mass Estimates.—We estimated
age and biomass of mammalian prey based on
relative size. For instance, juvenile black-
tailed prairie dogs and black-tailed jackrabbits
(Lepus californicus) were visibly smaller than
their adult counterparts. We assumed prey to
be adult age when it was not clearly juvenile.
We also assumed avian prey to be of adult
status unless juvenile plumage was detectable.

We used the mean mass of males and fe-
males for non-sexually dimorphic prey spe-
cies. We used the mean of mass estimates for
eastern and desert cottontails, and also for yel-
low-faced and plains pocket gophers. We ob-
tained other mammal mass estimates from Da-
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vis and Schmidly (1994), Best (1996), and
Hoogland (1996). We obtained mass estimates
for bird prey from Dunning (1984), plains lub-
ber grasshoppers from Schell et al. (1994),
snake species from measurements taken at
fortuitous encounters within the study area
(Giovanni 2005) and museum specimens, Tex-
as horned lizards (Phrynosoma cornutum) and
Great Plains skinks (Eumeces obsoletus) from
unpublished data, and birds, frogs and toads,
rodents, lizards, and snakes not identified to
species from Steenhof (1983).

Some prey deliveries were unidentifiable
due to immediate ingestion or obstructed
viewing during feeding. We estimated bio-
mass for unidentifiable prey (to calculate prey
provisioning rates) by calculating a mean
mass of the less conspicuous but frequently
delivered prey species (e.g., grasshoppers for
Swainson’s Hawks).

We assumed that adult males fed away from
the nest, as suggested by their frequent deliv-
ery of partial prey items and minimal time at
the nest. Ascertaining if the adult female was
feeding in concert with nestlings was difficult
due to the time-lapsed recording and resolu-
tion of the video footage. We were also re-
stricted from identifying if digestive tracts
were ingested because of limited video reso-
lution. We made no assumptions addressing
the ingestion of foods in digestive tracts of
prey and considered delivered prey an index
of ingested food.

Delivery Rate Analyses.—We calculated
prey delivery frequency and provisioning as
deliveries/day and deliveries/nestling/day. We
estimated g/delivery, g/day, and g/nestling/
day for biomass delivery analysis. We also ex-
amined patterns of delivery rates among nests
with different brood sizes and temporal pat-
terns in prey delivery rates across the nestling
growth period. We estimated hatching dates
by backdating from nestling age estimates
(Moritsch 1983, 1985) of the oldest nestling
(Warnke et al. 2002), and used delivery rate
data up to fledging ages of 50 days for Fer-
ruginous Hawks (Bechard and Schmutz 1995)
and 45 days for Swainson’s Hawks (England
et al. 1997). We used 5-day nestling age in-
tervals to standardize prey provisioning rates
across the nestling period. We calculated g/hr
and g/nestling/hr by summing delivered prey
biomass within the 5-day age intervals, and
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then dividing by the total hours of video foot-
age for the intervals and nestling number.

Statistical Analyses.—We used Statistica
6.1 (StatSoft, Inc. 2003) for data analyses and
all tests were conducted at an alpha level of
0.05. We attempted to correct data having
non-normal experimental error distributions
with appropriate transformations (Zar 1999).
We tested for homogeneous variances among
treatments with Levene's test when normality
was satisfied (Zar 1999). We then tested for
interspecific differences with a r-test for in-
dependent samples by group (i.e., group 1 be-
ing Ferruginous Hawks and group 2 being
Swainson’s Hawks) or with a one-way AN-
OVA (Zar 1999). We used the nonparametric
equivalents when transformations failed to
normalize data (Zar 1999).

We made interspecific comparisons of per-
cent delivery frequency and biomass of black-
tailed prairie dogs, mammals, mammals
weighing =200 g, birds, reptiles and amphib-
ians, grasshoppers, diet richness, and diet
breadth. We also examined interspecific pro-
visioning rates on the basis of deliveries/day
and g/day. We examined deliveries/nestling/
day and g/nestling/day to examine possible in-
fluences of brood size on provisioning rates.
We used repeated-measures ANOVA (Zar
1999) to compare nestling provisioning rates
across time by measuring deliveries/hr and de-
liveries/nestling/hr, and g/hr and g/nestling/hr
with pooled diet data from 5-day intervals
based on nestling age. We used Smith’s Mea-
sure of Niche Breadth (FT) (Smith 1982) to
calculate dietary breadth, and the Simplified
Morisita Index (Cy) (Krebs 1999) to calculate
interspecific prey species’ delivery frequency
and biomass overlap. We reported compara-
tive data as means and standard errors.

RESULTS

Ferruginous Hawk Food Habits.—We vid-
eo-monitored six Ferruginous Hawk nests in
2003 and six different nests in 2004, and as-
sumed all nesting pairs (12) to be different
and independent between years. We recorded
3,231 daylight hrs (¥ = 269 * 44 hrs/nest) of
video footage, and identified 740 of 937
(79%) prey items to species, genus, or family.

Rodents and rabbits dominated Ferruginous
Hawk diets, comprising 73.2% of the prey and
81.7% of the prey biomass delivered to nests.
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FIG. 2.

Prey type delivery frequency (DF) and biomass (BM) for Ferruginous Hawk (FEHA) (n = 12) and

Swainson’s Hawk (SWHA) nests (n = 14) during the 2003-2004 breeding seasons.

Frequently delivered prey types included
pocket gophers (25.2%), black-tailed prairie
dogs (19.2%), thirteen-lined ground squirrels
(Spermophilus tridecemlineatus; 10.3%), and
cottontails (5.9%) (Fig. 2. Appendix). Black-
tailed prairie dogs (29.9%), black-tailed jack-
rabbits (15.8%), cottontails (14.4%), and
pocket gophers (10.9%) accounted for most of
the prey biomass (71%) (Fig. 2, Appendix).
Swainson’s Hawk Food Habits.—We video-
monitored 6 Swainson’s Hawks nests in 2003
and 8 different nests in 2004, and assumed all
nesting pairs to be different and independent
between years. We recorded 2,387 daylight
hrs (¥ = 171 % 25 hrs/nest) of video footage,
and identified 831 of the 1,057 (79%) prey
deliveries to species, genus, or family.
Frequently delivered prey types included
grasshoppers (14.9%), Texas horned lizards
(13.4%), Great Plains skinks (11.8%), and
pocket gophers (5.9%) (Fig. 2, Appendix).

Reptiles, amphibians, and insects accounted
for 51% of the prey delivered by Swainson’s
Hawks, but small mammals accounted for
72% of the prey biomass. Important prey
types in terms of biomass included cottontails
(32.4%), pocket gophers (9.8%), black-tailed
jackrabbits (8.5%), and bullsnakes (Pituophis
catenifer sayi; 8.2%) (Fig. 2, Appendix).
Comparative Food Habits.—Ferruginous
Hawks delivered black-tailed prairie dogs (¥
= 18.9 = 5.2% per nest) more frequently than
Swainson’s Hawks (¥ = 0.5 = 0.2% per nest;
U = 236, P < 0.001). Ferruginous Hawks
used mammalian prey of >200 g (¥ = 55.6 *
3.5% per nest) more than Swainson’s Hawks
(¥ = 134 * 2.7% per nest; t,, = 9.72, P <
0.001). Swainson’s Hawks delivered more
grasshoppers (¥ = 12.7 = 4.3% per nest vs. ¥
= 0.4 * 0.3% per nest; U = 24, P < 0.001),
and reptiles and amphibians (¥ = 38.0 + 5.6%
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TABLE 1.

nests with two nestlings (n = 1), three nestlings (n =

Mean (* SE) deliveries/nestling/day (d/n/d) and g/nestling/day (g/n/d) for Ferruginous Hawk
6), and four nestlings (n = 5), and Swainson’s Hawk

nests with one nestling (n = 2), two nestlings® (n = 6), and three nestlings" (n = 6).

Ferruginous Hawk

Swainson's Hawk

Brood size d/n/d g/n/d d/n/d gnid
1 Sl 1T 483 + 133
2 1.9 750 3l 05 466 £ 57
3 15F £40:2 694 = 83 2.8 £ 0.2 347 * 54
4 1.1 £0.1 626 = 56

4 One of the six nests with two nestlings experienced a single nestling mortality; this nest was subsequently analyzed as a nest with one nestling.
b One of the nests with three nestlings experienced a single nestling mortality; this nest was subsequently analyzed as a nest with two nestlings.

per nest vs. X = 4.7 = 1.2% per nest; t,, =
5.3, P < 0.001) than Ferruginous Hawks.

Most of the biomass consumed per nest by
both hawk species consisted of mammals (7,,
= 1.46, P = 0.16). Swainson’s Hawks deliv-
ered more mass than Ferruginous Hawks in
reptile and amphibian prey (¥ = 23.5 = 4.0%
per nest vs. X = 0.8 = 0.2% per nest; U =
19, P < 0.001), birds (¥ = 2.3 £ 0.8% per
nest vs. ¥ = 0.3 * 0.1% per nest; U = 45.0,
P = 0.040), and grasshoppers (¥ = 0.7 *
0.4% per nest vs. £ = 0% per nest; U = 25,
P = 0.008).

Ferruginous Hawks had a lower measure of
diet richness per nest (10.0 £ 0.7) than Swain-
son’s Hawks (134 * 1.1; t,, = 24, P =
0.024), but diet breadth did not differ between
Ferruginous (FT = 0.86) and Swainson’s
hawks (FT = 0.88; t,, = 0.88, P = 0.39). Prey
overlap, on a scale of 0 to 1 with 0 indicating
no dietary overlap and 1 indicating complete
dietary overlap, was low in terms of prey spe-
cies used (Cy = 0.31), but higher in terms of
prey species’ biomass contribution (Cy, =
0.56).

Swainson’s Hawks made more prey deliv-
eries/day (7.0 = 0.7 per nest) than Ferrugi-
nous Hawks (4.6 = 0.3 per nest; U = 33.0, P
= 0.008), but delivered smaller prey (147 =
23 g/delivery) than Ferruginous Hawks (480
+ 32 g/delivery; t,, = 8.7, P < 0.001). This
resulted in fewer total grams delivered/day
(1,029 = 104) at Swainson’s Hawk nests com-
pared to Ferruginous Hawk nests (2,209 =+
171; t,, = 6.8, P < 0.001). Swainson’s Hawks
made more prey deliveries/nestling/day (3.4 =*
0.5) than Ferruginous Hawks (1.4 = 0.1, U =
8.0, P < 0.001), but delivered fewer g/nest-
ling/day (401 * 38) than Ferruginous Hawks
(670 * 46; 1,, = 4.5, P < 0.001).

Deliveries/day did not differ among Ferru-
ginous Hawk nests with broods of 2, 3, and 4
nestlings (H = 2.5, P = 0.28) but deliveries/
nestling/day decreased with broods of 2, 3,
and 4 nestlings (F,, = 5.67, P = 0.025) (Table
1). Adults delivered ~500 g of additional
food/day with each additional nestling, but
this trend was not significant (F,, = 1.7, P =
0.24) (Table 1). The provisioned g/nestling/
day did not decrease with increasing brood
size (F,o = 0.32, P = 0.73) (Table 1), but the
apparent decrease may be biologically rele-
vant; our sample size was insufficient to re-
veal statistical significance.

We observed similar effects of brood size
on delivery rates with Swainson’s Hawks.
Prey deliveries/day among Swainson’s Hawk
nests tended to increase with increasing brood
sizes but differences were not significant (F), 5
= 2.4, P = 0.13). An apparent decrease in
deliveries/nestling/day with increasing brood
size was not significant (H = 3.99, P = (0.14)
(Table 1). There appeared to be an increase in
delivered g/day as brood size increased, but
differences were not significant (F,, = 1.7, P
= 0.24). Ultimately, provisioned g/nestling/
day did not differ among brood sizes (F, ; =
0.62, P = 0.55) (Table 1).

Provisioning rates of Ferruginous Hawks
did not vary with 5-day nestling growth in-
tervals in terms of delivered g/hr (Fy,, = 0.58,
P = 0.79) or g/nestling/hr (Fy4 = 0.78, P =
0.62) (Table 2). Similarly, Swainson’s Hawk
prey provisioning rates did not vary with 5-
day nestling growth intervals in terms of de-
livered g/hr (F,,, = 1.58, P = 0.17) or g/
nestling/hr (F, 4, = 0.59, P = 0.76) (Table 2).

DISCUSSION
Different life history traits (e.g., migratory
behavior, morphology, and clutch size) may
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12) and Swainson’s

Age (days)

14) during 5-day age intervals of the nestling development period.

Prey deliveries/hr (d/hr), deliveries/nestling/hr (d/n/hr), g/hr, and g/nestling/hr (g/n/hr) (¥ = SE) for Ferruginous Hawk (FEHA) (n

TABLE 2.
Hawk (SWHA) nests (n
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have varying effects on prey use and potential
resource partitioning between Ferruginous and
| + || Swainson’s hawks. Earlier diet studies of sym-
patric Ferruginous and Swainson’s hawks in-
dicated high diet overlap (82-98%) despite
behavioral and morphological differences
(Schmutz et al. 1980, Restani 1991). Ferru-
ginous and Swainson’s hawks in our study
displayed low prey use overlap (31%) which
may be geographically and/or temporally
unique. It is also possible that lower diet over-
lap is more common in other sympatric pop-
ulations, but only detectable with more accu-
rate data obtained by nest video monitoring
rather than analysis of pellet and prey remains
(Simmons et al. 1991, Lewis 2001). Low in-
terspecific dietary overlap and high dietary
breadth could indicate high prey availability
and low interspecific dietary competition.
However, confirmation requires estimates of
prey densities across breeding seasons
(Schmutz and Hungle 1989, Woffinden and
Murphy 1989).

A few relatively larger mammalian prey
species dominated prey delivery frequency
and percentage biomass delivered by Ferru-
ginous Hawks in our study population. Breed-
ing Ferruginous Hawks preyed primarily upon
black-tailed jackrabbits in Utah (Woffinden
and Murphy 1977), northern pocket gophers
(Thomomys talpoides) and ground squirrels in
Idaho (Wakeley 1978, Steenhof and Kochert
1985), Richardson’s ground squirrels (Sper-
mophilus richardsoni) in North Dakota (Gil-
mer and Stewart 1983), Wyoming (MacLaren
et al. 1988), and Alberta (Schmutz et al.
1980), and Spermophilus ground squirrels in
Montana (Restani 1991). Prairie dog species
are the main prey resource for wintering Fer-
ruginous Hawks (Schmutz and Fyfe 1987,
+1| Cully 1991, Plumpton and Andersen 1997).
Gunnison’s prairie dog (Cynomys gunnisoni)
was reported as a primary breeding season
prey resource in New Mexico (Cartron et al.
2004), but the diet percentage was derived
from pellet and prey remains. Indirect meth-
ods of diet analysis (i.e., analysis of pellets
and remains) are known to bias results toward
species whose remains are more detectable
(e.g., large bones, thick skin, bright feathers)
(Collopy 1983, Simmons et al. 1991, Biele-
feldt et al. 1992), but Cartron et al.’s (2004)
data still indicate the regular use of prairie
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dogs by breeding Ferruginous Hawks. The fin-
er resolution of our data indicate black-tailed
prairie dogs were the second most frequently
delivered prey item to Ferruginous Hawk
nests and contributed the most biomass. Thus,
we believe that black-tailed prairie dogs are a
substantial, if not critical, prey resource for
breeding Ferruginous Hawks in the Southern
Great Plains.

Previous diet assessments for breeding
Swainson’s Hawks vary widely across their
range but were dominated by Spermophilus
ground squirrels, small rodents, and birds in
Alberta (95.3%; Schmutz et al. 1980), Cali-
fornia (82.6%; Woodbridge 1987), North Da-
kota (100%; Gilmer and Stewart 1984), Sas-
katchewan (95.6%; England et al. 1997), and
Washington (50%; Fitzner 1980). In Washing-
ton, however, reptiles (32%) and insects
(12%) were also important prey resources
(Fitzner 1980). Swainson’s Hawks in Utah
preyed primarily upon Lepus and Sylvilagus
rabbits (56.1%) but also insects (19.5%),
small rodents (12.2%), and birds (9.7%)
(Smith and Murphy 1973). Reptiles (42.2%)
dominated the Swainson’s Hawk diet in Ari-
zona (Porton 1977), and insects (54.9%) dom-
inated in New Mexico (Bednarz 1988). The
breeding Swainson’s Hawks we monitored de-
livered primarily reptiles and amphibians
(35.6%), rodents (28.7%), and grasshoppers
(14.9%). This large variability among diets
confirms the opportunistic ability of Swain-
son’s Hawks to use a diversity of prey types
across their range.

Breeding adults apparently compensate for
the extra caloric demand of larger broods by
foraging more often and/or further from the
nest, and selecting different types and sizes of
prey (Wright et al. 1998). Peregrine Falcons
(Falco peregrinus) in Alaska (Palmer et al.
2004) and Northern Goshawks (Accipiter gen-
tilis) in Minnesota (Smithers et al. 2005) in-
creased prey delivery rates and prey size with
larger broods, but deliveries/nestling still de-
creased. Similarly, Masman et al. (1988)
showed that Eurasian Kestrels (Falco tinnun-
culus) responded to experimentally increased
brood sizes by increasing foraging efforts and
food delivery rates, and changing food type
and size.

Prey size, deliveries/day, g/day, and deliv-
eries and g/nestling/day did not vary signifi-
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cantly for Ferruginous Hawk nests with dif-
ferent brood sizes in our study area. However,
sample sizes for both hawk species may have
been too low to detect statistical relationships
between prey delivery rates and brood sizes
at an alpha level of 0.05. Ferruginous Hawks
delivered ~500 g of additional food/day with
each additional nestling increase in brood size,
and this trend is probably biologically signif-
icant. Nestling provisioning rates in g/nest-
ling/day, however, decreased with increasing
brood size. Thus, Ferruginous Hawks deliv-
ered more g/day with increasing brood size
but did not maintain a constant nestling pro-
visioning rate.

Our results are similar to those of Palmer
et al. (2004) and Smithers et al. (2005) in that
Ferruginous and Swainson’s hawks increased
prey deliveries and mass/day, but did not com-
pensate sufficiently with increased delivery
frequency or larger prey items to maintain
consistent g/nestling/day with increasing
brood sizes. This suggests that single nestlings
may receive an abundance of food while nest-
lings in larger broods may receive the neces-
sary caloric requirements but experience com-
paratively slower growth rates and poorer
physiological condition at fledging (Olendorff
1974, Wakeley 1978).

Prey delivery and nestling provisioning
rates, and caloric requirements also can vary
across the nestling growth period. Olendorff
(1974) found that food consumption of cap-
tive Ferruginous Hawk nestlings peaked at
post-hatch week 4 (days 22-28) and food con-
sumption of Swainson’s Hawk nestlings peak-
ed at post-hatch week 5 (days 29-35). Our
results approximate these findings as Ferru-
ginous Hawks delivered the most g/nestling/
hr during post-hatch days 21-25, and Swain-
son’s Hawks delivered the most g/nestling/hr
during post-hatch days 36-40.

Prey use overlap was low between breeding
Ferruginous and Swainson’s hawks, but over-
lap in terms of prey contributing the most bio-
mass was higher. This may be explained by
Swainson’s Hawks taking fewer of the large
prey types used frequently by Ferruginous
Hawks, and those prey contributing dispro-
portionately more biomass to the diet. We sus-
pect consistent deliveries of small prey, com-
pared to irregular or occasional deliveries of
large prey, is of equal or more importance for
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breeding Swainson’s Hawks (e.g., consistent
provisioning of metabolic water; Kirkley and
Gessaman 1990).

Ferruginous Hawks preyed primarily upon
prairie dogs and pocket gophers. These spe-
cies should be considered when making man-
agement decisions for breeding and non-
breeding Ferruginous Hawks on the Southern
Great Plains. Numerous studies have shown
that Ferruginous Hawks tend to have lower
reproductive success and emigrate following
primary prey population declines (Smith et al.
1981, Schmutz and Hungle 1989, Woffinden
and Murphy 1989, Cully 1991). These trends
may be particularly important where prairie
dogs are a primary breeding or non-breeding
season prey species, as they are still subject
to unregulated eradication and control efforts
throughout most of their range (Kotliar et al.
1999).
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APPENDIX. Prey delivery frequency (DF) and biomass (BM) at Ferruginous Hawk (n = 12) and Swainson’s
Hawk nests (n = 14) during the 2003-2004 breeding seasons.

Ferruginous Hawk Swainson’s Hawk

Prey type n % DF % BM n % DF % BM
Rodentia
Pocket gopher spp. (Geomys bursarius) (Cratogeo-
mys castanops) 236  25.2 10.9 62 39 9.8
Black-tailed prairie dog (Cynomys ludovicianus) 180  19.2 29.9 5 0.5 2.9
Thirteen-lined ground squirrel (Spermophilus tride-
cemlineatus) 96 103 35 13 4.8
Southern plains woodrat (Neotoma micropus) 20 24 1.1 26 Bt 4.9
Spotited ground squirrel (Spermophilus spilosoma) 20 21 0.5 10 0.9 0.8
Ord’s kangaroo rat (Dipodomys ordii) 19 2.0 0.3 35 3.3 1.9
Northern grasshopper mouse (Onychomys leucogas-
ter) 6 0.6 <0.1 21 2.0 0.6
Deer mouse (Peromyscus maniculatus) 6 0.6 <0.1 43 4.1 0.8
Hispid cotton rat (Sigmeodon hispidus) 1 0.1 <0.1 28 2.6 3.8
Hispid pocket mouse (Chaetodipus hispidus) 0 0.0 0.0 14 L3 0.4
Plains pocket/harvest mouse (Perognathus flaves-
cens) (Reithrodontomys montanus) 0 0.0 0.0 10 0.9 0.1
House mouse (Mus musculus) 0 0.0 0.0 4 0.4 0.1
Norway rat (Rattus norvegicus) 0 0.0 0.0 1 0.9 0.4
Unknown rodent spp. 16 L7 0.2 10 0.1 0.3
Totals 600 639 47.0 304 28.7 31.6
Lagomorpha
Cottontail spp. (Svlvilagus floridanus) (S. audubonii) 55 59 14.4 36 34 324
Black-tailed jackrabbit (Lepus californicus) 32 34 15.7 5 0.5 8.5
Totals 87 9.3 30.1 41 3.9 40.9
Reptilia and Amphibia
Texas horned lizard (Phrynosoma cornutum) 23 25 0.2 131 12.4 3.0
Eastern yellow-bellied racer (Coluber constrictor
Sfaviventris) 4 0.4 0.1 30 2.8 2.5
Bullsnake (Pituophis catenifer sayi) 3 0.3 0.3 28 2.6 8.2
Great Plains skink (Eumeces obsoletus) Z 0.2 <0.1 125 118 2.4
Western coachwhip (Masticophus flagellum testa-
ceus) 1 0.1 0.1 12 L2 36
Western Plains garter snake (Thomnophis radix hay-
deni) 1 0.1 <0.1 0 0.0 0.0
Plains hognose (Heterodon nasicus nasicus) 0 0.0 0.0 6 0.6 0.7
Central Plains milk snake (Lampropeltis triangulum
gentiles) 0 0.0 0.0 2 0.2 0.1
Ground snake (Sonora semiannulata) 0 0.0 0.0 1 0.1 <0.1
Unknown frog/toad spp. 9 1.0 <0.1 13 1.2 0.2
Unknown snake spp. 6 0.6 0.2 10 0.9 1.4
Unknown lizard spp. 0 0.0 0.0 20 1.9 0.2
Totals 49 52 0.9 378 356 22.3
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APPENDIX. Continued.

Ferruginous Hawk Swainson’s Hawk
Prey type ] % DF % BM n % DF % BM
Aves
Burrowing Owl (Arhene cunicularia) 3 0.3 0.1 0 0.0 0.0
Western Meadowlark (Sturnella neglecta) 2 0.2 <0.1 6 0.6 0.4
Common Nighthawk (Chordeiles minor) 1 0.1 <0.1 0 0.0 0.0
Lark Bunting (Calamespiza melanocorys) 1 0.1 0.0 1 0.1 <.}
Scaled Quail (Callipepla squamata) 0 0.0 0.0 3 0.3 0.4
European Starling (Sturnus vulgaris) 0 0.0 0.0 1 0.1 0.1
Killdeer (Charadrius vociferous) 0 0.0 0.0 1 0.1 0.1
Loggerhead Shrike (Lanius ludovicianus) 0 0.0 0.0 1 0.1 <0.1
Unknown bird 11 1.2 0.1 27 2.6 1.1
Totals 18 1.9 0.2 40 39 2.1
Insecta
Grasshopper spp. (Brachystola magna) 6 0.6 <0.1 157 14.9 0.5
Unknown 177 18.9 21.8 137 13.0 27
Totals 937 1057

4 Prey item flew away after delivery.
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