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PREY USE AND PROVISIONING RATES OF BREEDING
FERRUGINOUS AND SWAINSON'S HAWKS ON THE
SOUTHERN GREAT PLAINS, USA
MATTHEW D. GIOVANNI,"*^ CLINT W. BOAL,'^ AND HEATHER A. WHITLAW^

ABSTRACT.—We collected diet data at 12 Ferruginous Hawk (Buteo regalis) and 14 Swainson's Hawk (S.
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 documented 959 Ferruginous Hawk and 1,058 Swainson's Hawk prey deliveries during —5.618 hrs of video monitoring. Ferruginous Hawks delivered 10.0 i 0.7 (x ± 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 [C^\) 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 increased 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 atnong the
mo.st fundamental components of animal ecology (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 composition can affect all aspects of raptor species
ecology including population trends (Newton
1979. Woffinden and Murphy 1989. Cully
1991, Olsen 1995), Thus, quantifying and understanding diets is an essential component
for successful management and conservation
of raptor species.

Ferruginous Hawks {Buteo regalis) and
Swainson's Hawks {B. swainsoni) are often
sympatric in grasslands, shrub-steppe, and deserts (Bechard and Schmutz 1995. England et
al. 1997). Both species have experienced population declines, primarily due to habitat conversion and degradation, but also from persecution 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
northem and western regions of their breeding
distribution. Most studies have focused on interspecific comparisons of nest site selection,
distribution, productivity, and success but also
on diet composition and responses to prey
fluctuations, and effects of anthropogenic ac' Department of Range, Wildlife, and Fisheries Man- tivities (Thurow and White 1983. Steenhof
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Study area and distribution of 12 Ferruginous Hawk nests (FEHA) and 14 Swainson's Hawk nests

prey to the east (Bechard and Schtiiutz 1995).
Prairie dogs are an important, if not critical,
prey item tor migrating and wintering Ferruginous Havi'ks in Texas and adjacent states
(Schmutz and Fyfe 1987, Cully 1991, Allison
et al. 1995. Plumpton and Andersen 1997).
The availahility of prairie dogs appears to
have induced Ferruginous Hawks to forage
and over-winter in heavily cultivated areas of
Texas (Sehmutz and Fyfe 1987) and fragrnented suburhan areas of eastern Colorado
(Plumpton and Andersen 1998).
The importance of prairie dogs as prey for
hreeding 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 mostly unknown. The potential use of black-tailed
prairie dogs (Cynomys ludovicianus) or species associated with prairie dog colonies (Kotliar et al. 1999) by Swainson's Hawks has

also not been investigated. An understanding
of the potential relationships between blacktailed prairie dogs and these two raptor species 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% population decline (Kotliar et al. 1999).
The overall objective of this study was to
quantify the breeding season diets of coexisting Ferruginous and Swainson's hawk populations. Our specific objectives were to; (I)
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) encompassed 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 Kiowa 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 Southem Great Plains Region with elevations ranging from 1.144 to 1,558 ni. The historical
plant community type is .short-grass prairie,
the driest of the mid-eontinental 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 precipitation annually, most of it from April to
August (National Weather Service 2004).
The national grasslands included in this
study encompassed ~8I,O(X) ha of various
sized tracts of short-grass and mixed-grass
prairie interspersed among private property
holdings. They supported cattle grazing, outdoor reereation, and wildlife management
(U.S. Department of Agriculture 2004). The
adjacent private property supported agricultural crops such as corn, sorghum, and wheat,
cattle ranching, and a variety of range management and conservation programs.
Common vegetation included warm- and
cool-season grasses such as Bouteloua and
Elymus spp., buffalo grass (Buchloe dactyloides), silver biuestem [Bothriocloa laguroides), and other speeies including sagebrush
(Artemisia spp.), plains yucca (Yucca angustifolia), buffalo gourd (Cucurhita foetldissima)., and plains sunflower (Helianthus petiolaris). Trees and woody shrubs v^-ere sparse
and eonsisted primarily of crop, road, and residence shelterbelts. Tree species included Siberian elm (Ulnnis puniila) and plains cottonwood (Populus deltoids occidentalis). Less
common species included Russian olive
(Elaeagnus angustifolia). eastern red cedar
(Juniperus virginiana), and biack locust (Rohinia psuedoacacia).
Nest Selection and Video-monitoring.—We
located breeding Ferruginous Hawk and
Swainson's Hawk pairs by visiting known nest
sites (unpufal. data), and conducting road surveys during courtship and incubation periods
beginning in March for Ferruginous Hawks
and April for Swainson's Hawks. We assessed

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 (Giovanni 2005) to document prey deliveries at a different sample of Ferruginous Hawk and
Swainson's Hawk nests eaeh year. We randomly selected nests for video-monitoring but
logistical restraints (i.e., private property access 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 Hedging 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 continuous video coverage.
We attempted to identify prey items to the
lowest taxonomic level possible. We categorized delivered prey as unknown when no image of the item was visible but a delivery was
evident based on behavior of the hawks. We
grouped eastern (Sylvilagus ftoridanus) and
desert (S. audubonii) cottontails, and yellowfaced (Cratogeomys castanops) and plains
(Geomys hutsarius) pocket gophers into single, generic prey types (i.e., "cottontails" and
"pocket gophers"). We assumed ail grasshopper deliveries to be plains lubber grasshoppers
(Brachy.stola magna) (Pfadt 1994).
Age and Mass Estimates.—We estimated
age and biomass of mammalian prey based on
relative size. For instance, juvenile blacktailed prairie dogs and black-tailed jaekrabbits
(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 females for non-sexually dimorphic prey species. We used the mean of mass estimates for
eastern and desert cottontails, and also for yellow-faced and plains pocket gophers. We obtained other mammal mass estimates from Da-

Giovanni et al. • DIETS OF FERRUGINOUS AND SWAINSON'S HAWKS

vis and Schmidly (1994). Best (1996). and
Hoogland (1996). We obtained mass estimates
for bird prey from Dunning (1984). plains lubber grasshoppers from Schell et al. (1994).
snake species from measurements taken at
fortuitous encounters within the study area
(Giovanni 2(K)5) and museum specimens. Texas horned lizards {Phrynosoma conmtum) and
Great Plains skinks (Eumeces obsolelus) 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 biomass for unidentifiable prey (to calculate prey
provisioning rates) by calculating a mean
inass 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 delivery 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 resolution of the video footage. We were also restricted from identifying if digestive tracts
were ingested because of limited video resolution. We made no assumptions addressing
the ingestion of foods in digestive tracts of
prey and considered delivered prey an index
ol' 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 examined patterns of delivery rates among nests
with different brood sizes and temporal patterns in prey delivery rates across the nestling
growth period. We estimated hatching dates
by backdating lrom nestling age estimates
(Morit.sch 1983. 1985) ofthe oldest nestling
(Warnke et al, 2002), and used delivery rate
data up to fledging ages of 50 days for Ferruginous Hawks (Bechard and Schmutz 1995)
and 45 days for Swainson's Hawks (England
et al. 1997). We used 5-day nestling age intervals 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 footage 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 i-lcsl for independent samples by group (i.e.. group I being Ferruginous Hawks and group 2 being
Swainson's Hawks) or with a one-way ANOVA (Zar 1999). We used the nonparametric
equivalents when transformations failed to
normalize data (Zar 1999).
We made interspecific comparisons of percent delivery frequency and biomass of blacktailed prairie dogs, mammals, mammals
weighing >200 g, birds, reptiles and amphibians, grasshoppers, diet richness, and diet
breadth. We also examined interspecific provisioning rates on the basis of deliveries/day
and g/day. We examined deliveries/nestling/
day and g/nestling/day to examine possible influences of brood size on provisioning rates.
We used repeated-measures ANOVA (Zar
1999) to compare nestling provisioning rates
across time by measuring de!iveries/hr and deliveries/nestling/hr. and g/hr and g/nestling/hr
with puoled diet data from 5 day intervals
based on nestling age. We used Smith's Measure of Niche Breadth (FT) (Smith 1982) to
calculate dietary breadth, and the Simplified
Morisita Index (C,,) (Krebs 1999) to calculate
interspecific prey species" delivery frequency
and biomass overlap. We reported comparative data as means and standard errors.
RESULTS
Ferruginous Hawk Food Habits.—We video-monitored six Ferruginous Hawk nests in
2003 and six different nests in 2004. and assumed 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 t« = 14J 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, Appetidix). Blacktailed prairie dogs (29.9%), black-tailed jackrabbits (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 videomonitored 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
brs (^ ^ 171 ± 2 5 br,s/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 homed lizards
(13,4%), Great Plains skinks (11.8%), and
pocket gophers (5.9%) (Fig. 2, Appendix).

Reptiles, amphibians, and insects accounted
for 51%i 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.—^PeTTUginous
Hawks delivered black-tailed prairie dogs (.x
= 18.9 ± 5.2% per nest) more frequently than
Swainson's Hawks (x ^ 0.5 ± 0.2% per nest;
U = 236. P < 0.001), Ferruginous Hawks
used mammalian prey of >200 g (.v = 55.6 ±
3.5% per nest) more than Swainson's Hawks
{X = 13.4 ± 2.7% per ne.st; t.^ = 9.72, P <
0.001). Swainson's Hawks delivered more
grasshoppers (x = 12.7 ± 4.3% per nest vs. x
= 0,4 ± 0.3% per nest; f/ = 24, P < 0.001).
and reptiles and amphibians {x ^ 38.0 ± 5.6%
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TABLE I. Mean {± SE) deliveries/nestling/day (d/ri/d) and g/nestling/day (g/n/d) for Ferruginous Hawk
nests with two nestlings (n = \), three nestlings (n = 6), and four nestlings {n = 5), and Swainson's Hawk
ne.sts with one nestling (n = 2), two nestlings" (n = 6). and three nestlings'" (« = 6).
Ferruginous Hawk

Suninson's Hawk

Brood si7e

d/n/d

g/n/d

1
2
3
4

1.9
! .7 ± 0.2
1.1 ± 0.1

750
694 ± 83
626 ± 56

d/n/d

g/n/d

5.1 ± 1.7
3.1 ± 0.6
2.8. ± 0.2

483 ± 133
466 ± 57
347 ± 54

•' One 111 ilie six nusis wuh LWO ncsilings expencriLcd u single riesiling niortalu^; iliis iiesi was subsequently anulvKd us a nesi wiih imf nesiling.
'' Oiii; of iho nesls with ihrec i^estling^i experienced a single neslling mortality; this nest uaii subsequently analyzed as a nest witJi Lwo nestJings.

per nest vs. x = 4.7 ± 1.2% per nest; t2A =
5.3. P < 0.001) than Ferruginous Hawks.
Most of the biomass consumed per nest by
both hawk species consisted of mammals (t24
— 1.46, P = 0.16). Swainson's Hawks delivered more mass than Ferruginous Hawks in
reptile and amphibian prey (x = 23.5 ± 4.0%
per nest vs. x = 0.8 ± 0.2% per nest; V =
19. P < 0.001), birds (x = 2.3 ± 0.8% per
nest vs. ;c = 0.3 ± 0.1% per nest; U = 45.0,
P = 0.040), and grasshoppers (x = 0.7 ±
0.4% per nest vs. .x = 0% per nest; U ^ 25.
P - 0.008).
Ferruginous Hawks had a lower measure of
diet richness per nest (10.0 ± 0.7) than Swainson's Hawks (13.4 ± 1.1; tj^ = 2.4, P 0.024), but diet breadth did not differ between
Ferruginous (FT = 0.86) and Swainson's
hawks (FT = 0.88; r^j = 0.88, P = 0.39). Prey
overlap, on a scale of 0 to 1 with 0 indicating
no dietary overlap and I indicating complete
dietary overlap, was low in terms of prey species used (Cif = 0.31), but higher in terms of
prey species' biomass contribution (C^ =
0.56).
Swainson's Hawks made more prey deliveries/day (7.0 ± 0.7 per nest) than Ferruginous 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; /^^ = 8.7, P < O.OOl). This
resulted in fewer total grams delivered/day
(1,029 ± 104) at Swainson's Hawk nests compared to Ferruginous Hawk nests (2,209 ±
171; ^24 = 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; t/ 8.0. P < 0.001), but dehvered fewer g/nestling/day (401 ± 38) than Ferruginous Hawks
(670 ± 46; t^^ = 4.5, P < 0.001).

Deliveries/day did not differ among Ferruginous 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, hut
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 (Fj.y = 0.32, P = 0.73) (Table 1), but the
apparent decrease may be biologically relevant; our sample size was insufficient to reveal 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 (Fi^
^ 2.4, P ^ 0.13). An apparent decrease in
deliveries/nestling/day with increasing brood
size was not significant (// ^ 3.99. P = 0.14)
(Table I). There appeared to be an increase in
delivered g/day as brood size increased, but
differences were not significant (Fiy = 1.7. P
= 0.24). Ultimately, provisioned g/nestling/
day did not differ among brood sizes ( F j ^ —
0.62, P = 0.55) (Table 1).
Provisioning rates of Ferruginous Hawks
did not vary with 5-day nestling growth intervals in terms of delivered g/hr (F^^i) — 0.58,
P - 0.79) or g/nestling/hr (F^^^ = 0.78, P =
0.62) (Table 2). Similarly, Swainson's Hawk
prey provisioning rates did not vary with 5day nestling growth intervals in terms of delivered g/hr (F740 - 1.58, P - 0.17) or g/
nestling/hr (F^_^ = 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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have varyitig effects on prey use and potential
resource partitioning between Ferruginous and
Swainson's hawks. Earlier diet studies of sympatric Ferruginous and Swainson's hawks indicated high diet overlap (82-98%) despite
behavioral and morphological differences
(Schmutz et al. 1980. Restani 1991). Ferruginous 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 overlap is more common in other sympatric populations, but only detectable with more accurate data obtained by nest video monitoring
rather than analysis of pellet and prey remains
(Simmons et aL 1991, Lewis 2001). Low interspecific 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 Ferruginous Hawks in our study population. Breeding Ferruginous Hawks preyed primarily upon
black-tailed jackrabbits in Utah (Woffmden
and Murphy 1977). northern pocket gophers
(Thomomys talpoides) and ground squirrels in
Idaho (Wakeley 1978. Steenhof and Kochert
1985). Richardson's ground squirrels (Spertnophilus richard.soni) in North Dakota (Gilmer 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 Ferruginous Hawks (Schmutz and Fyfe 1987.
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 methods 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, Bielefeldt 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 finer 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 bioma.ss. 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). California (82.6%; Woodbridge 1987). North Dakota (100%; Gilmer and Stewart 1984). Saskatchewan (95.6%; England et al. 1997), and
Washington (50%; Fitzner 1980). In Washington, however, reptiles (32%) and insects
(12%) were also important prey resources
(Fitzner 1980). Swain.son'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 Arizona (Porton 1977), and insects (54.9%) dominated in New Mexico (Bednarz 1988). The
breeding Swainson's Hawks we monitored delivered primarily reptiles and amphibians
(35,6%), rodents (28,7%), and grasshoppers
(14.9%). This large variability among diets
confirms the opportunistic ability of Swainson'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 ct al.
2004) and Northern Goshawks {Accipiter gentills) in Minnesota (Smithers et al, 2005) increased prey delivery rates and prey size with
larger broods, hut deliveries/nestling still decreased. Similarly. Masman et al. (1988)
showed that Eurasian Kestrels {Falco tinnunculus) 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 deliveries and g/nestling/day did not vary signifi-
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cantly for Ferruginous Hawk nests with different 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 significant. Nestling provisioning rates in g/nestling/day, however, decreased with increasing
brood size. Thus, Femiginous Hawks delivered more g/day with increasing brood size
but did not maintain a constant nestling provisioning 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 compensate 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 nestlings in larger broods may receive the necessary caloric requirements but experience comparatively 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 captive FeiTUginous Hawk nestlings peaked at
post-hatch week 4 (days 22-28) and food consumption of Swainson's Hawk nestlings peaked at post-hatch week 5 (days 29-35). Our
results approximate these findings as Ferruginous Hawks delivered the most g/nestling/
hr during post-hatch days 21-25, and Swainson'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 overlap in terms of prey contributing the most biomass 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 disproportionately more biomass to the diet. We suspect consistent deliveries of small prey, compared 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 species should be considered when making management decisions for breeding and nonbreeding Ferruginous Hawks on the Southem
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 Hiingle 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 (/? = 12) and Swainson's
Hawk nest.s (n = 14) during the 2003-2004 breeding seasons.
Ferruginous Hawk
Prey lype

Rodentia
Pocket gopher spp. IGeomys hursariu.t) {Cratogeomys castanops)
Black-tailed prairie dog (Cynomys ludovicianus)
Thirteen-tined ground squirrel (Spermophilus tridecemlineatus)
Southern plains woodrat {Neotoma micropu.s)
Spotted ground squirrel {Spennophilus spilosoma)
Ord's kangaroo rat {Dipodomys ordii)
Northern grasshopper mouse {Onychomvs leucogaster)
Deer mouse (Peromyscus maniculatus)
Hispid cotton rat {Sigmodan hispidiis)
Hispid pocket mouse {Chaelodipus luspiilus)
Plains pockel/harvest mouse {Perof-nathus ftave.scens) {Reithrodimlomys montanus)
House mouse {Mus musculus)
Norway rat ifiatlns noivegicus)
Unknown rodent spp.
Totals
Lagomorpha
Cottontail spp. [Sylvihiiius floridaniis) (S. auduhonii)
Black-caiied jackrabbit {.Lepus californicus)
Totals
Reptilia and Amphibia
Texas horned li/ard (P/jrv7io.wm« frt/-«u/w«()
Eastern yellow-bellied racer (Coluber constrictor
flavivenlris)
Bullsnake (Piiuophis caienifer ,vav()
Great Plains skink {Eumeces obsoletus)
Western coachwhip (Masticophus flagellum testaceus)
Western Plains garter snake (Thomnophis radix haydeni)
Plains hognose {Heterodon nasicus nasicus)
Central Plains milk snake {Lampropeltis triangulum
!^ en I i les)
Ground snake [Sonora .semiannulata)
Unknown IVog/ioad spp.
Unknown snake spp.
Unknown lizard spp.
Totals

Swajnson's Hawk

n

n [)F

236
180

25,2
19.2

10.9
29.9

62

96

10.3

3.8

20

2.1
2,1

I.I

35
26
10
35

2.5
0.9

21
43

2.0
4.1

28
14

2.6
1.3

10

0,9
0.4
0.9

20
19

2.0

6
6
1
0

0.6

0

0.0
0.0
0.0
1.7

0
0
16
600

0.6
0.1
0.0

0.5
0.3

<0.1
<0.1
<0.1
0.0
0.0
0.0
0.0
0.2

5

4
1
10
304

5.9
0.5

9.8
2.9

3.3

4.8
4.9
0.8
L9

3.3

0.1

0.6

0.8
3.8

0.4
O.I
0.1
0.4
0.3

63.9

47.0

14.4
15.7
30.1

3.4
0.5

32.4

5

87

5.9
3.4
9.3

41

3.9

40.9

23

2.5

0.2

131

12.4

3.0

4
3
2

0.4
0.3
0.2

O.t
0.3

30
28

2.5
8.2

<0 1

125

2.8
2.6
11.8

I

0.1

0.1

12

1.1

.3.6

1

0.1
0.0

<0.I

0
6

0.0

0.0

0.6

0.7

0.0
0.0
1.0
0.6
0.0
5.2

0.0
0.0

2

0.2

1
13
10
20
378

0.1
1.2
0.9
1.9

O.I
<0.1

55
32

0
0
0

9
6
0
49

0.0

<0.1
0.2
0.0
0.9

36

28.7

35.6

31.6

8.5

2.4

0.2

1.4
0.2
22.3
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APPENDIX,

Continued.
.Swilinson's Hawk

Ferrugimiu*. Hiiwk
Prey lype

Aves
Burrowing Owl {Athene cimicularia)
Western Meadowlark {Stiirnella neglecta)
Common Nighthawk {Chordeiles minor)
Lark Bunting {CaUimospiz.a melanocorys)
Scaled Quail {Catlipepla .squamata)
European Starling [Stunnis vulgaris)
Killdeer {Charadrhis vociferous)
Loggerhead Shrike {Ixuiius ludovicianus)
Unknown bird
Totals
Insecta
Grasshopper spp. (Brachystola magna)
Unknown
Totals
' Prev item flew imay atlcr ilelivery.

n

"it DF

3
2
1

1
0
0
0
0
11
18
6
177
937

0.3
0.2
0.1
0.1
0.0
0.0
0.0
0.0
L2
1.9
0.6
18.9

"i BM

O.I

<0.1
<0.1
CC
0.0
0.0
0.0
0.0
0.1
0.2
<C1
21.8

UM

0
6
0
1
3
1
1
1
27
40

0.0
0.6
0.0
0.1
0.3
0.1
0,1
O.I
2.6
3.9

0.0
0.4
0.0
:0.1
0.4
0.1

157
137
1057

14.9
13.0

0.5
2.7

0.1

=0.1
Ll
2.1

