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ABSTRACT.--Behavioral data collected year-round in northwestern Arkansas indicated that 
foraging is not the exclusive function of soaring flight. Red-tailed Hawks (Buteo jamaicensis) 
spent much more time soaring than would be expected from the foraging returns of this 
behavior. Soaring was found to be unimportant in thermoregulation. Instead of soaring to 
thermoregulate, birds sought shade, were inactive, and panted during heat stress. Ptiloerec- 
tion and retraction of extremities were noted during cold stress. Soaring activity contributed 
significantly to territorial defense, and I suggest that soaring flight is superior to flapping 
flight in this regard. Courtship was a prominent function of soaring during late winter. 
Further studies on functions of raptorial soaring should investigate exploratory behavior. 
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FEW researchers have investigated the func- 
tional aspects of nonmigratory raptorial soar- 
ing. Pennycuick (1972) suggested that East Af- 
rican vultures used thermal soaring for food 
searching and cross-country travel. Bent (1937) 
and Beebe (1974) described soaring as a typical 
hunting behavior of the genus Buteo. Wakeley 
(1978) found that foraging alone could not ac- 
count for the percentage of time the Ferrugi- 
nous Hawk (Buteo regalis) spent in soaring ac- 
tivity. In the present study, ! investigated the 
possible functions of soaring behavior in the 
Red-tailed Hawk (Buteo jamaicensis), including 
foraging, thermoregulation, and territorial de- 
fense. Soaring is already known to function in 
the courtship displays of Red-tailed Hawks 
(Bent 1937, Fitch et al. 1946, Conner 1974). 

Optimal foraging theory suggests that an or- 
ganism maximizes its caloric yield per cost ra- 
tio when searching for food (MacArthur and 
Pianka 1966, Royama 1970, Schoener 1971, Pul- 
liam 1974, Emlen and Emlen 1975). According 
to this hypothesis, a predator using several for- 
aging techniques should apportion its time ac- 
cording to the benefit-to-cost ratio for each 
technique. A comparison of the proportion of 
time Red-tailed Hawks spend in soaring activ- 
ity and the foraging returns of this behavior 
will be used to determine whether or not for- 

aging is a primary function of soaring. 

• Present address: Ralston Purina Company, 
Checkerboard Square-lRS, St. Louis, Missouri 63164 
USA. 
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A Red-tailed Hawk must function thermo- 

dynamically in a climate space governed by ra- 
diation, humidity, air velocity, and ambient 
temperature (Porter and Gates 1969, Calder and 
King 1974). If, as suggested by several authors 
(Dawson and Schmidt-Nielsen 1964, Dawson 
and Hudson 1970, Torre-Bueno 1978), Red- 
tailed Hawks can reach cooler surroundings by 
high-altitude soaring and eliminate heat by 
convection and radiation, then soaring could 
function in thermoregulation during heat-stress 
situations. Many authors (Tucker 1968, Berger 
et al. 1971, Bernstein 1976, Torre-Bueno 1978, 
Hudson and Bernstein 1981) have demonstrat- 
ed that birds can eliminate heat by convection, 
radiation, and evaporation during flight. The 
relative numbers of soaring hawks observed 
under various combinations of weather condi- 

tions will be used to evaluate thermoregulation 
as a possible function of soaring. 

Whether or not Red-tailed Hawks occupy 
home ranges or defend territories appears to 
vary with season and location. They have been 
reported as being territorial only in winter 
(Austing 1964), in both winter and spring in 
California (Fitch et al. 1946), in spring and se- 
lectively for hunting perches in winter in 
Michigan (Craighead and Craighead 1956), and 
mutually exclusive in occupation of wintering 
areas although not territorial in Wisconsin 
(Gates 1972). Observations of intraspecific in- 
teractions will determine whether or not Red- 

tailed Hawks in northwestern Arkansas are ter- 

ritorial and whether or not soaring contributes 
to the defense of the territories. 
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STUDY AREA AND METHODS 

The study area was located in Benton and Wash- 
ington counties, Arkansas and included a mixture of 
oak-hickory forest, grazing land, cultivated fields, and 
old-field habitat. Field observations were made un- 

der as great a range of weather conditions as possible 
from March 1979 through March 1980. Additional 
fieldwork was conducted during July and August 
1980. 

The following variables were recorded at each hawk 
observation: general activity (perched, soaring, or 
flapping flight); age (adult or immature); solar illu- 
mination (foot candles), recorded with a Photovolt 
illuminometer; ambient temperature (øC) and relative 
humidity (%), both measured with a sling psychrom- 
eter; and wind velocity (miles/h), taken with a Dwyer 
wind meter. When recognizable by plumage and size 
differences, the identity of individual subjects was 
also recorded. 

I observed each hawk for up to 2 h, during which 
time I recorded general activity at 10-min intervals 
and environmental factors at 20-min intervals. All 

foraging attempts, successful forages, territorial en- 
counters, and inter- and intraspecific interactions were 
recorded. At the end of each observation period 
another hawk was located for observation. During 
each season, I collected data on as many different 
hawks as possible. The results of all statistical anal- 
yses are reported at the 0.05 level of significance. 

RESULTS 

Time budget.--The percentage of time Red- 
tailed Hawks spent soaring was not signifi- 
cantly different between seasons (ANOVA). The 
hawks spent 21% of daylight time soaring dur- 
ing winter, 20% during spring, 24% during 
summer, and 22% during autumn. By subdivid- 
ing each season into three 28-day periods, I 
found that there was considerable variation in 

the time spent soaring (Fig. 1). All observation 
points in Fig. 1 separated by greater than 8% 
are significantly different (Duncan's multiple 
range test). Fluctuations in the time spent soar- 
ing will be discussed in the following sections. 

Courtship and migration.--The peak of court- 
ship activity occurred from 6 February to 6 
March when 55% of the 60 soaring hawks en- 
gaged in this activity. It was frequent through 
14 March and then declined to occasional oc- 

currences through September. The increase in 
relative numbers of soaring hawks from 18 
February through 16 March (Fig. 1) can be 
largely attributed to courtship behavior. The 
increase in soaring activity from 24 September 
to 21 October and 18 February to 16 March (Fig. 
1) can be partially accounted for by migration. 

Foraging.--The 630 observed hunting at- 
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TABLE 1. Outcome of all observed foraging attempts grouped by hunting method over all seasons. 

521 

Number of strikes 

Hunting Percentage Unknown Percentage 
method of time Total Successful Unsuccessful success successful a 

Perch 72 512 90 386 36 18.9 

Flap 6 61 4 47 10 7.8 
Soar 22 57 3 47 7 6.0 

Total 100 630 97 480 53 16.8 

Strikes of unknown success were omitted from the calculation of percentage successful. 

tempts were divided into four hunting meth- 
ods that depended upon the position of the 
hawk when starting a strike. They included 
hunting from a perch, the ground, flapping 
flight, and soaring flight. Because of the low 
occurrences of hunting attempts from the 
ground (n = 6) and their energetic similarity to 
perched hunting (both being sit-and-wait tech- 
niques), the two were grouped for analysis. 

Success ratios of the different foraging tech- 
niques were significantly different. Hunting 
from flapping flight and soaring flight had sig- 
nificantly lower success rates than hunting from 
a perch (Table 1: Duncan's multiple range test). 
The use of different hunting methods was not 
related to the number of strikes obtained by 
each method. The number of strikes obtained 

from flapping flight and soaring flight were 
very similar, although soaring flight occurred 
3.7 times more often (Table 1). 

The cost of each hunting technique was es- 
timated from existing measurements of meta- 
bolic rate in nonpasserine species. The resting 
metabolic rate ranges from 1.7 to 3.7 times basal 
metabolic rate (BMR) (Pearson 1950, Wolf and 
Hainsworth 1971, Baudinette and Schmidt- 

Nielsen 1974). For hawks that are hunting from 
a perch, the average value of 2.6 times BMR 
must be expanded to account for the energy 
bursts of hunting attempts. For this analysis, 
an estimate of 3.0 times BMR is used as the cost 

of hunting from a perch. The best estimate of 
metabolic rate in soaring birds is 1.3-2.4 times 
the cost of perching (Baudinette and Schmidt- 
Nielsen 1974, Kanwisher et al. 1978). Because 
the estimate of hunting from a perch was 3.0 
times BMR, the cost of soaring can be approx- 
imated as 1.85 (mean estimate of soaring met- 
abolic rate) times 3.0, or 5.55 times BMR. The 
metabolic rate of flapping flight, independent 
of size or flight behavior, may be 9-14 times 

BMR (Hainsworth and Wolf 1969, Tucker 1972, 
Berger and Hart 1972, Bernstein et al. 1973, 
Torre-Bueno and Larochelie 1978). Because Red- 
tailed Hawks glide approximately 10% of the 
time that they are engaged in flapping flight, 
the average estimate of 11.5 times BMR will be 
reduced to 10.9 times BMR. This value is cal- 

culated as 10% of the cost of soaring plus 90% 
of the cost of flapping flight. 

To arrive at a benefit-to-cost ratio for each 

foraging technique, an assumption of equal ca- 
loric returns for successful attempts from each 
method was made. This assumption is only 
weakly supported by the field observations, be- 
cause less than 35% of the prey items could be 
identified. From the perched position, 73% of 
the identifiable prey were small mammals, 16% 
were birds, 7% were reptiles, and 4% were in- 
vertebrates. From flapping flight, the only 
identified prey was a small mammal and from 
soaring flight one small mammal and one 
Northern Bobwhite (Colinus virginianus) were 
recognized. The benefit-to-cost ratios were cal- 
culated by dividing the percentage of success- 
ful attempts by the cost index for each foraging 
technique. The ratios were 6.3 for perched, 0.72 
for flapping flight, and 1.08 for soaring flight. 
These ratios were then compared with the 
amount of time spent at each hunting method. 
Figure 2 indicates that the amount of time spent 
hunting from a perch and from flapping flight 
are similar in proportion to their success-to-cost 
ratios. The amount of time spent in soaring ac- 
tivity is much greater in proportion to its suc- 
cess-to-cost ratio. This suggests that, although 
soaring contributes to foraging, it should also 
serve some other purpose. 

Thermoregulation.--The most severe heat con- 
ditions occurred during the final 3 weeks of 
August 1979. Ambient temperature reached 
35øC, solar illumination ranged to 4,200 foot 
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Fig. 2. A comparison of the estimated success-to- 
cost ratio for each hunting method and the percent- 
age of time that method was used. 

candles, relative humidity reached 75%, and 
wind velocity dropped to less than 2 miles/h. 
Although the high levels of solar illumination 
and ambient temperature increased thermal 
soaring opportunities (Ballam 1981), a marked 
decrease in soaring flight was noted (Fig. 1). 
Figure 3 indicates that the decrease in soaring 
activity occurred at 34ø-35øC. Supplementary 
data from July and August 1980 are included 
in Fig. 3. Instead of soaring to thermoregulate, 
the hawks sought shade, became inactive, and 
panted at ambient temperatures of 27øC. Hayes 
(1978) states that panting maintains a stable 
body temperature in Red-tailed Hawks at all 
ambient temperatures to 34øC with zero wind 
and 1.1 cal. cm -2. rain -• radiation load, provid- 
ing no body movement occurs. 

The most extreme winter conditions oc- 

curred during January 1980 when mid-day 
temperatures dropped to -4øC, illumination fell 

I00- 

20 25 50 55 40 4• 

TEMPERATURE (øC) 

Fiõ. 3. Relationship between percentaõe of soar- 
inõ hawks and mean ambient temperature durinõ 52 
3-h observation periods in the summer. 

to 384 foot candles, wind velocity reached 20 
miles/h and relative humidity reached 98%. 
Figure 1 indicates a drop in soaring activity at 
this time, which suggests that soaring does not 
function in thermoregulation during cold stress. 
Red-tailed Hawks experienced some thermal 
stress at temperatures below freezing, as indi- 
cated by the retraction of their legs into their 
feathers and by ptiloerection. 

Territorial defense.--Twenty-nine intraspecif- 
ic aggressive interactions were observed. Eight 
of these encounters were initiated by perched 
hawks approaching other hawks by flapping 
flight, and 21 were initiated by soaring hawks. 
Of the 21 aggressive soaring interactions, three 
involved adult hawks diving and supplanting 
perched hawks, and 18 involved attacks be- 
tween two soaring hawks. Any aggressive soar- 
ing interactions that could be confused with 
courtship behavior were not included. 

The observed aggressive interactions were 
concentrated during October (n = 7), Novem- 
ber (n = 7), and December (n = 6), with signif- 
icantly more interactions involving soaring 
flight than flapping flight (Binomial test). The 
involvement of adult and immature hawks ap- 
peared to be proportional to their ratio in the 
population. From September 1979 through 
March 1980, 12.8% of the observed hawks were 

immature, and, of the 29 aggressive encoun- 
ters, 13.6% involved immature hawks. I suspect 
that resident hawks are more territorial than 

nonresidents, but the results are inconclusive 

due to the unknown residency of 41% of the 
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aggressively interacting birds. Resident hawks 
were recognized by plumage characteristics and 
their habitual use of certain perch sites. There 
were 13 aggressive interactions noted between 
resident and nonresident birds and 4 interac- 

tions observed between nonresidents. The peak 
in soaring activity between 24 September and 
18 November (Fig. 1) would be partially due to 
territorial defense. 

DISCUSSION 

The amount of time Red-tailed Hawks spent 
perching and in flapping flight appeared to be 
related to the successful prey captures made 
per unit of energy expended. The hawks spent 
the greatest amount of time hunting by sit-and- 
wait techniques, and this method had the high- 
est success-to-cost ratio. The use of each hunt- 

ing method in proportion to its success-to-cost 
ratio would result in greater foraging efficiency 
than could be obtained by using each method 
at random. The amount of time Red-tailed 

Hawks devoted to soaring activity was approx- 
imately twice that predicted from the success- 
to-cost ratios. This suggests that, although soar- 
ing flight contributed to foraging activity, it 
must also serve additional functions. 

Soaring was a significant contributor to the 
defense of territories. The concentration of ag- 
gressive interactions during October, Novem- 
ber, and December demonstrated that winter- 

ing territories rather than home ranges were 
being established. The establishment of breed- 
ing territories was not evident due to the ab- 
sence of aggressive interactions between nest- 
ing hawks. The reduced number of hawks 
present in the study area during the summer 
would lessen the chances of interacting and re- 
lax competition for resources. This may explain 
the increased tolerance between hawks during 
the breeding season. 

Soaring flight has three possible advantages 
over flapping flight in territorial defense. First, 
a hawk can survey virtually all of its territory 
from the soaring position and simultaneously 
advertise that the territory is occupied. Second, 
a dive from soaring flight may be energetically 
less costly, and perhaps more intimidating, than 
flapping from tree to tree to displace perched 
intruders. This is particularly true as the dis- 
tance between perched hawks increases. Final- 
ly, if a trespassing hawk is soaring, it can only 
be attacked by a hawk that is soaring above it. 

Therefore, soaring flight is a necessity for de- 
fending against other soaring hawks. 

A marked decrease in soaring activity was 
noted at temperatures above 35øC, indicating 
that soaring is not a thermoregulatory tech- 
nique during heat stress. The abundant avail- 
ability of shade allowed inactivity and panting 
to act as adequate thermal regulators. In areas 
where shade is not available, as in desert en- 

vironments, it is possible that soaring enables 
hawks to eliminate heat by convection, radia- 
tion, and evaporation. As Dawson and Schmidt- 
Nielsen (1964) have recognized, the use of 
soaring to thermoregulate would require main- 
taining flight with little energy expenditure and 
little heat production. Definitive data on the 
response of body temperature during soaring 
flight will require advanced biotelemetric 
monitoring of body temperature. 

Once the hawk is aloft, the soaring position 
provides it with an energetically economical 
opportunity to conduct a variety of activities. 
The relative importance of each activity shifts 
with season and weather conditions. Courtship 
displays and migration account for much of the 
spring soaring activity, whereas territorial de- 
fense and southward migration occupy much 
of the time spent in fall soaring. Activities such 
as foraging and exploration occur throughout 
all seasons. 

Further studies on the function of nonmi- 

gratory raptorial soaring should focus upon ex- 
ploratory behavior. Exploring the area outside 
a territory would provide valuable information 
on alternative foraging sites, territorial bound- 
aries of neighboring hawks, and locations of 
unmated hawks. Exploratory behavior could 
prove to be a prime function of nonmigratory 
soaring activity. 
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