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A close fit was found between the number of years since European settlement and the call and dive-rates of 
Red-tailed Hawks. Call-rates were highest in the most recently settled sites. 

Anecdotal information suggests that some birds (e.g., Falconiformes, Charadrii- 
formes) show geographic differences in nest-defence behaviour directed toward 
human beings (Williamson 1952, Newton 1979, Korpimaki 1986). Newton (1979) 
hypothesized that intraspecific differences in nest-defence behaviour of Falconi- 
formes were due to past levels of human persecution. If persecution, e.g., shooting, 
disproportionately eliminated aggressive birds then nest-defence aggressiveness 
would vary with the history of persecution in an area (Newton 1979). 

We examined Newton's hypothesis using the Red-tailed Hawk Buteo jamaicensis 
as our study animal. Red-tailed Hawks have been heavily persecuted (Baldwin et af. 
1932, Kirkpatrick & Elder 1951) with population declines attributed to shooting in 
many areas (e.g., Howell 1932, Roberts 1932, Bromley 1944, Burleigh 1958). Henny 
8z Wight (1972) determined that shooting pressure accounted for 10-24% of first- 
year mortality in Red-tailed Hawks, and they observed no change in shooting 
pressure over a 38 year period spanning 1926 to 1964. 

Methods 

Because the duration of persecution in different areas is difficult to estimate directly, we used length of 
settlement by Europeans as an index of duration of persecution. We used levels of present-day settlement 
as indices to the number of hawk/hurnan interactions that might occur in a bird's lifetime. Thus we 
assumed the following: (1) length of European settlement is correlated positively with duration of 
persecution, (2) present-day density of human populations is correlated positively with intensity of 
persecution in a bird's lifetime, and (3) historical persecution by native North Americans was similar 
among areas (presumably, persecution by native North Americans was limited until acquisition of 
firearms from Europeans). 

We measured nest-defence aggressiveness of Red-tailed Hawks in seven areas of North America. 
During 1983 we measured nest defence in four different study sites: West Virginia (38"50", 82"50'W), 
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Wisconsin (42"50'N, 89"30W), Colorado (37"40'N, 103"50'W), and Washington (47"40", 119"38'W). 
In 1984 we measured nest defence in these same study sites (but at different territories) and at three 
additional sites: Idaho (43"10'N, 116"10'W), California (33"50'N, 117"50'W), and Saskatchewan, Canada 
(52"10", 107"lO'W). 

Time since European settlement in our study sites varied considerably. Beginning with the most 
recently settled site, years since European settlement were: Saskatchewan, Canada 75 years (Richards & 
Fung 1969), Washington 101 years (Burns et al. 1981), Colorado 107 years (Friedman 1985), Idaho 119 
years (Lowell & Peterson 1976), Wisconsin 156 years (Durrie 1874), West Virginia 205 years (Ragland 
1949), and California 215 years (Fages 1937). 

Nests were visited when the young were between three and four weeks old (Petersen & Thompson 
1977, Bechard et al. 1985) and when both adults were present. We approached nests slowly (1 m per s) and 
from a direction that made us clearly visible to the adults, avoiding days when it was windy ( > 10 kmph), 
raining, or snowing. Data were collected only during the first visit to each nest to minimize alteration of 
the behaviour of adults by repeated visits (Knight & Temple 1986a, 1986b). Our operational 
measurements of 'aggressiveness' were call and dive rates and whether birds called or dived. While at the 
base of the nest tree or cliff, we recorded the number of calls and the number of dives of the hawk that came 
closest to us during a 10 minute period. A dive was considered as any downward break in horizontal flight. 

Nest locations were plotted on aerial photographs and US Geological Survey maps, and the following 
measurements were taken: ( I )  distances to both the nearest paved highway and occupied home, and (2) the 
number of highways and occupied dwellings within a 1 km radius of the nest. To  estimate human density, 
we randomly selected 20 sections (1 section = 2.5 km2) in each study site from US Geological Survey maps 
and counted the number of occupied human dwellings; the total number of dwellings was then divided by 
20. 

Stepwise multiple-regression analyses were used to investigate the relationships between two response 
variables (i.e., call and dive rates) and six independent variables (length of European settlement, human 
density, and number and proximity of roads and homes to nests). We tested for relationships between 
study sites, proportion of birds calling, and proportion of birds diving with a log-linear model (Fienberg 
1980). Multiple regression and model selection procedures follow those outlined in Snedecor & Cochran 
(1980) and Ryan et al. (1976). 

Results 

Rates of both calling and diving differed among the study sites (1-way anova, 
F6,93  = 10.80, P <  0.001, and F6.93 = 5.64, P < 0.001, respectively) (Table 1). Call- 
rates decreased monotonically with the highest call-rate in the most recently settled 
site (Saskatchewan) and the lowest call-rate in the study site settled the longest 
(California). Dive-rates were not as strongly related to time since settlement; but, in 
general, birds in study sites settled most recently had higher dive-rates than birds in 
study sites settled for longer times (Table 2). There were significant relationships 
between calls and study sites ( G 6  = 28.01, P <  0.001) and dives and study sites 
( G b  = 36.38, P < 0-OOl), indicating that both the proportion of birds that called and 
that dived varied between areas. Approximately half of the birds both called and 
dived in the study sites most recently settled whereas the remainder only called 
(Table 2). In the study sites settled the longest, very few birds dived; most birds 
either called or neither called nor dived. 

Time since European settlement was the only explanatory variable in the final 
regression model selected for Red-tailed Hawk call-rates 0, = 110.1 - 0.47 (length of 
settlement), y2 = 0.391, F1.98  = 62.88, P < 0.001). Both length of human settlement 
and distance to the nearest home contributed to the regression model for dive-rates 
0, = 3.3 - 0.019 (length of settlement) + 0.00025 (distance to home), r2 = 0.193, 
F2,97 = 11.62, P < 0.001), with length of settlement (Pearson's partial correlation 
coefficient, I = - 0.342, 97 df, P < 0.001) contributing more significantly than 
distance to home (I = 0*268,97 df, P < 0.01). Human density, number and proximity 
of roads and the number of homes within a 1 km radius were not significant 
predictors in the final regression models. 
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Table 1. Variations in call-rates and dave-rates of Red-tailed Hawks in seven areas of North America 

Mean f s.d. 

Location’ n Calls/lOmin Dives/lO min 

Saskatchewan 
Washington 
Colorado 
Idaho 
Wisconsin 
West Virginia 
California 

8 
15 
24 
11 
25 
9 
8 

76.8 f 28.0 2.3 f 2.9 
66.1 f 19.2 1.4f 1.6 
59.0 k 25.7 2.9 f 3.2 
51.5f 28.3 1.1 f 1.5 
30.9 f 22.7 0.1 f 0.3 
16.8 f 315 0.0 
15.5 f 21.1 0.6 f 1.8 

‘Arranged in order of years since European 
settlement. 

Table 2. Frequencies of calling and diving among Red-tailed Hawks in seven areas of North America 

Location’ 

Saskatchewan 
Washington 
Colorado 
Idaho 
Wisconsin 
West Virginia 
California 

n 

8 
15 
24 
11 
25 
9 
8 

Percentage of birds that: 

Called and Only Neither called 
dived called nor dived 

62 38 0 
47 53 0 
70 30 0 
45 55 0 
8 80 12 
0 44 56 

12 50 38 

‘Arranged in order of years since European settlement. 

Discussion 

Our results are consistent with Newton’s (1979) hypothesis and suggest both natural 
selection and learning as mechanisms which alter nest-defence aggressiveness. 
Newton implied that natural selection was the mechanism that modified a species’ 
nest-defence behaviour; however, he concluded that ‘How much of these various 
behavioural differences result from natural selection and how much from learning is 
not known . . .’ Natural selection is implicated because of the close fit between time 
since settlement and call and dive rates, and because the periods of time involved are 
so lengthy. Learning is weakly implicated because of the import effect that one 
contemporary variable (i.e., distance to the nearest occupied dwelling) had on dive- 
rates. Fitch et al. (1946) and Fitch (1958) noticed that encounters between Red-tailed 
Hawks and human nest intruders influenced subsequent behaviour toward humans. 
Our observations suggest that selective and learning pressures have affected the Red- 
tailed Hawk, mirroring to the regime of human activities within a geographical area. 
It would be interesting to compare nest-defence aggressiveness of adjacent 
populations of Red-tailed Hawks, one with and one without direct human 
persecution. Such a study would allow additional insights on the importance of 
learning in the absence of direct persecution (Knight 1984, Knight et al. 1987). 
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