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ABSTRACT.--If dietary opportunism occurs in predators over large geographic areas, trends 
in the trophic characteristics of predators should be explained largely by the distribution 
patterns of their prey. We compiled literature information of diet for mammal-eating and 
bird-eating raptors (diurnal raptors [Falconiformes] and owls [Strigiformes]) in Europe and 
North America (299 and 300 samples, respectively) and asked: (1) Do latitudinal and longi- 
tudinal patterns occur in the food-niche breadth, number of prey taxa, and prey size within 
continents? (2) If so, are these patterns consistent with the intracontinental gradients in 
species diversity and stability (constancy in time) of birds and mammals? In both Europe and 
North America, latitudinal and longitudinal trends in trophic diversity of mammal-eating 
diurnal raptors and owls appeared to be more obvious than those of bird-eating and generalist 
raptors. This suggests that mammal-eating birds of prey are more opportunistic in their diet 
choice than are bird eaters and generalists. Within Europe, the latitudinal gradient in dietary 
diversity of raptors was more evident than the longitudinal gradient, whereas within North 
America the longitudinal gradient was more conspicuous. For both continents, these gradients 
were more marked in winter diets than in the breeding-season diets of raptors. These results 
are consistent with the known regional trends in prey assemblages: in Europe, the south-to- 
north gradient in diversity and stability of bird and mammal species is more marked than 
the west-to-east gradient, whereas in North America the number of mammal species markedly 
increases from east to west, but not so evidently from south to north. Received 6 September 
1994, accepted 8 March 1995. 

ONE OF THE MOST general patterns of animal 
species diversity is the increase in the number 
of terrestrial species from the earth's poles to- 
ward its equator (Begon et al. 1986), although 
a solid explanation of this latitudinal gradient 
has not been given (see Rohde 1992). This pat- 
tern is complicated by the variety of land forms 
(mountains, deserts), the proximity to the coasts, 
the season of the year, and the scale used when 
looking for patterns. The species diversity of 
European and North American birds generally 
follows this pattern (for Europe, see J•rvinen 
and Sammalisto 1976, J3rvinen 1979, Bostr6m 
and Nilsson 1983; for North America, see Cook 
1969, Tramer 1974, Rabenhold 1979). Among 
breeding birds, there is also a longitudinal gra- 
dient from east to west (Cook 1969). The num- 
bers of quadrupedal mammal species in North 
America increase from north to south to a peak 
in diversity at 38ø-40øN latitude; from that lat- 
itude south, their diversity declines (McCoy and 
Connor 1980, Pagel et al. 1991). In addition, the 
number of mammal species per unit area in- 

creases from east to west within North America 

(Pagel et al. 1991). 
Stability (constancy in time) of animal pop- 

ulations also varies with latitude so that south- 

ern populations are usually more stable in time 
than northern ones. For instance, southern and 

central European land-bird assemblages are rel- 
atively stable compared to northern European 
assemblages (J•rvinen 1979), but similar trends 
have not been found for North American land- 

bird assemblages (Noon et al. 1985). Moreover, 
in small mammals (voles, mice and shrews) and 
small game (hare and grouse), large regional 
differences in among-year population fluctua- 
tions occur in Europe. In western and central 
Europe, small-mammal abundances are usually 
relatively stable among years, but show season- 
al changes, with low densities in spring and 
high densities in autumn. In central and north- 
ern Fennoscandia, however, small-mammal 

populations fluctuate in a cyclic manner with 
peaks usually separated by three to five years 
(Hansson and Henttonen 1985, 1988, Hanski et 
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al. 1991, 1993). Also, small-game populations 
oscillate in three- to five-year cycles in central 
and northern Fennoscandia (Angelstam et al. 
1985, Linden 1988). However, North American 
voles do not appear to show obvious geograph- 
ical gradients in their population dynamics; 59% 
of 106 years of data had annual fluctuations and 
41% exhibited multiannual cycles (review in 
Taitt and Krebs 1985). Snowshoe hare (Lepus 
americanus) populations in the boreal forests of 
North America display 9- to l 1-year cycles; 
cycles occured as far south as Wisconsin (40øN; 
Stuart-Smith 1992). Hare fluctuations are largest 
in central Canada and decrease in all directions 

from that region (Bulmer 1974). 
A widespread premise is that many raptors 

(Falconiformes and Strigiformes) are highly op- 
portunistic in the prey they eat (e.g. Jaksi• and 
Braker 1983, Steenhof and Kocheft 1985, Marti 

et al. 1993, but see Korpim•ki 1987). If this di- 
etary opportunism holds over large geographic 
areas, examination of patterns in raptor diets 
should reflect and largely be explained by the 
distribution patterns of their prey. Raptors are 
convenient species for the examination of com- 
munity patterns involving predator-prey inter- 
actions (Jaksi• 1985). Most of their prey remains, 
easily obtainable from pellets and debris at nests 
and perches, can be identified to the species 
level (Marti 1987). This allows accurate esti- 
mates of the kind, number, and size of prey 
taken (e.g. Greene and Jaksi• 1983, Jaksi• 1985). 
Also, prey chosen by raptors is seldom influ- 
enced by the need to minimize the risk of the 
raptors being preyed upon (Korpim•ki 1986). 
Additionally, many raptors eat largely birds and 
mammals--two groups relatively well known 
in terms of their distribution. 

Marti et al. (1993) compiled an extensive diet 
database for European and American raptors 
(674,905 prey items for Europe and 357,448 for 
North America). The resulting analysis of the 
trophic structure of European and North Amer- 
ican raptor communities from that database, 
however, did not reveal obvious intracontinen- 

tal gradients in food-niche metrics despite the 
above-described marked intracontinental dif- 

ferences in species diversity and stability of prey 
communities (Marti et al. 1993). However, the 
data used for calculating regional niche metrics 
were collected over many seasons, many years, 
and at a scale that may have masked most of 
the effects of changing prey densities. 

In this paper, we add new data to the database 

of Marti et al. (1993), and focus new analyses 
on a finer scale. We limited our analyses on 
geographical trends in trophic characteristics to 
mammal- and bird-eating raptors of Europe and 
North America because more is known about 

the regional trends of species diversity and sta- 
bility in these animals than about most other 
prey species. We also separated breeding-sea- 
son and winter diets to dissect out possible sea- 
sonal affects. We asked: (1) Do latitudinal and 
longitudinal patterns occur in food-niche 
breadth, number of prey taxa, and prey size of 
mammal- and bird-eating raptors within Eu- 
rope and North America? (2) If such patterns 
are apparent, are they consistent with the above- 
described intracontinental gradients in species 
diversity and stability of birds and mammals? 

MATERIALS AND METHODS 

Source and characteristics of data.--We searched the 
literature for quantitative data on food habits of fal- 
coniforms and strigiforms whose diets consisted pri- 
marily of birds and mammals. We also contacted some 
biologists currently engaged in raptor diet studies for 
permission to use their unpublished data. From these 
sources, we selected data sets meeting the following 
criteria: (1) minimum of 50 identified prey individ- 
uals; (2) vertebrate prey identified at least to genus; 
(3) invertebrate prey identified at least to order; (4) 
geographic area of data collection well defined; and 
(5) season(s) and year(s) of data collection stated. We 
excluded vultures and raptor species eating mostly 
prey other than mammals and birds (i.e. lizards, frogs, 
fishes and insects) from our analyses. 

We included only those raptor species having at 
least five dietary studies per continent (20 species in 
Europe and 23 in North America). We divided these 
species into three categories based on their degree of 
food specialization (Table 1): (1) Mammal eaters are 
those species that feed mainly on (small) mammals 
and seem to be unable to shift to alternative prey 
when densities of their primary prey decline. (2) Bird 
eaters are those that use birds as their staple prey and 
take (small) mammals in low numbers. (3) Generalists 
are species that feed mainly on both (small) mammals 
and birds, and are able to shift their diets between 

these two prey classes, and sometimes even to lizards, 
frogs and insects (for further information of division 
into mammal specialists and generalists among Eu- 
ropean birds of prey, see Korpimgki 1992b). 

Data for our analyses included 299 dietary samples 
originating in Europe from Great Britain and Iceland 
on the west to Poland, Slovakia and Kola Peninsula 

(Russia) on the east (range 17øW to 33.5øE), and from 
Spain and Italy on the south to Fennoscandia on the 
north (37øN to 71øN; Table 1, Appendix). North Amer- 
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TABLE 1. Raptor species included in analyses, range of geographical location, number of dietary studies, and 
classification of raptor species according to the degree of food specialization. Sources of diet data given in 
Appendix. 

Latitude 

Raptor species (N) Longitude No. studies Feeding a 

Northern Harrier (Circus cyaneus) 
Cooper's Hawk (Accipiter cooperii) 
Northern Goshawk (A. gentills) 
Broad-winged Hawk 

(Buteo platypterus) 
Swainson's Hawk (B. swainsoni) 
Red-tailed Hawk (B. jamaicensis) 
Ferruginous Hawk (B. regalis) 
Rough-legged Hawk (B. lagopus) 
Golden Eagle (Aquila chrysaetos) 
American Kestrel (Falco sparverius) 
Merlin (F. columbarius) 
Peregrine Falcon (F. peregrinus) 
Gyrfalcon (F. rusticolus) 
Prairie Falcon (F. mexicanus) 
Barn Owl (Tyto alba) 
Great Horned Owl (Bubo virginianus) 
Snowy Owl (Nyctea scandiaca) 
Burrowing Owl 

(Speotyto cunicularia) 
Spotted Owl (Strix occidentalis) 
Barred Owl (S. varia) 
Long-eared Owl (Asio otus) 
Short-eared Owl (A. fiammeus) 
Northern Saw-whet Owl 

(Aegolius acadicus) 

Eurasian Kestrel (Falco tinnunculus) 
Peregrine Falcon 
Merlin 
Northern Goshawk 

Sparrowhawk (Accipiter nisus) 
Golden Eagle 
Common Buzzard (Buteo buteo) 
Marsh Harrier (Circus aeruginosus) 
Northern Harrier 
Short-eared Owl 

Long-eared Owl 
Barn Owl 

Tengmalm's Owl (Aegolius funereus) 
Little Owl (Athene noctua) 
Pygmy Owl (Glaucidium passerinum) 
Eurasian Eagle-Owl (Bubo bubo) 
Tawny Owl (Strix aluco) 
Ural Owl (S. uralensis) 
Great Grey Owl (S. nebulosa) 
Northern Hawk Owl (Surnia ulula) 

North America 

34-50 ø 65-121øW 10 g 
36-49 ø 74-123øW 8 b 
36-46 ø 74-12 løW 7 b 

39-44 ø 74-96øW 7 g 
34-51 ø 98-120øW 8 g 
37-51 ø 74-121øW 17 m 
41-51 ø 100-116øW 7 m 
42-69 ø 84-165øW 6 m 

33-50 ø 106-120øW 10 g 
41-47 ø 77-124øW 9 g 
38-63 ø 106-151øW 6 b 
41-69 ø 75-18(Y'W 10 b 
66-69 ø 106-165%V 5 b 
41-44 ø 106-116øW 5 m 
19-49 ø 73-124øW 40 m 

24-66 ø 74-141øW 32 g 
43-68 ø 71-167øW 8 m 

28-47 ø 82-122øW 16 g 
32-48 ø 110-124øW 9 m 
40-48 ø 74-123øW 8 m 
32-49 ø 70-124øW 34 m 
32-57 ø 47-132øW 19 m 

39-62 ø 70-150øW 10 m 

Europe 
38-65 ø 7øW-25OE 16 m 
38-68 ø 7øW-26øE 15 b 
52-66 ø 17øW -24øE 7 b 
41-65 ø 5øW-25øE 19 b 
51-62 ø 4øW -23øE 10 b 

38-67 ø 5øW-26øE 12 g 
37-65 ø 6øW -25øE 16 g 
43-62 ø løW-23øE 7 g 
53-62 ø 4øW - 10øE 6 g 
47-65 ø 3øW-26øE 15 m 
39-63 ø 7øW-27øE 28 m 
38-57 ø 7øW-20øE 23 m 
46-66 ø 5-30øE 22 m 

37-57 ø 7øW - 13øE 12 g 
48-65 ø 8-28øE 14 g 
38-67 ø 5øW-29øE 30 g 
41-63 ø 4øW-27øE 20 g 
53-65 ø 10-27øE 8 g 
61-69 ø 21-34øE 9 m 
61-71 ø 10-31øE 10 m 

ß (m) Mammal eater; (b) bird eater; and (g) generalist. 

ican data came from 300 samples in Canada, Alaska, 
the conterminous United States, and Mexico (47 ø to 
180øW, 19 ø to 69øN; Table 1, Appendix). 

Analytical techniques.--Three primary estimators of 
trophic characteristics were applied to the diet sam- 
ples we selected: (1) The number of prey types in 

diets were enumerated at two levels of discrimina- 

tion. Coarse discrimination (hereafter, number of prey 
classes), where prey categories were taxonomic class- 
es of prey, was used as one measure of the ability of 
raptors to handle diverse kinds of prey. Fine discrim- 
ination (hereafter, number of prey species), where prey 
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TABLE 2. Spearman rank correlations between trophic characteristics of mammal-eating, bird-eating and 
generalist raptors (see Table 1 for classification of species), and latitude and longitude within Europe and 
North America. 

No. prey Mean prey 
Diet class Classes Species FNBc• FNBsp mass 

Mammal eaters (n = 123 studies) 
Latitude -0.26** 

Longitude -0.34'** 

Bird eaters (n = 51) 
Latitude - 0.12 

Longitude -0.04 

Generalists (n = 125) 
Latitude -0.18' 

Longitude - 0.16 

Mammal eaters (n = 163) 
Latitude -0.09 

Longitude 0.15 

Bird eaters (n = 36) 
Latitude -0.42' 

Longitude -0.21 

Generalists (n = 92) 
Latitude 0.06 

Longitude 0.22* 

Europe 

-0.24** -0.20* -0.14 0.33*** 
-0.29** -0.30** -0.24** 0.38*** 

-0.18 -0.13 0.08 0.22 
-0.11 0.05 0.21 0.14 

0.20* 0.02 0.24** 0.03 
0.16 -0.04 0.18 0.07 

North America 

-0.12 0.03 -0.14 0.08 
0.18' 0.15 0.29*** 0.05 

-0.13 -0.30 -0.29 0.05 
0.10 -0.34* -0.03 0.09 

0.01 -0.06 -0.17 0.02 
0.06 -0.04 -0.09 -0.09 

*, P < 0.05; **, P < 0.01; ***, P < 0.001; two-tailed tests. 

categories were species or genus for vertebrate prey 
and order for invertebrate prey, was employed as a 
means of providing higher resolution between diets. 

(2) Food-niche breadth was estimated with an index 

that assesses both the number of prey types and their 
evenness in a sample (1/2;p?; Levins 1968). As in the 
enumeration of dietary prey types, we calculated this 
index at two levels. The coarse level (FNBe•), where 
the p•'s are the taxonomic classes of prey, provides an 
indication of a raptor's relative ability to handle prey 
providing different problems in detection, capture, 
and handling (Greene and Jaksi• 1983). A predator 
with a large FNBc• is able to handle many kinds of 
prey that present a diversity of such problems. The 
fine level (FNBsp), where the p.'s are species or genera 
for vertebrate prey and orders for invertebrate prey, 
permits a different evaluation of a raptor's dietary 
diversity independent of the factors associated with 
FNBc•. That is, a raptor may have a narrow FNBc•, but 
a wide FNBsp, because it preys on many species within 
one or two prey classes. 

(3) The size of prey was characterized by calculating 
the geometric mean mass of prey (mean prey mass) 
consumed in a diet sample by multiplying the log,- 
transformed mean mass of each prey type by the num- 
ber of that prey in the sample, summing these prod- 
ucts, dividing by the total number of prey, and back- 
transforming this sum. This procedure partially corn- 

pensates for the skewed distribution of prey sizes in 
most raptor's diets and for the possibility of over or 
underestimating the mean mass of prey in a diet from 
using mean masses for each prey type. We used prey 
mass data if they were provided in individual studies 
that we selected for our analyses. For studies that did 
not provide such data, we used mean prey masses 
from Steenhof (1983), Burt and Grossenheider (1964), 
and Dunning (1984) for North America, and from 
Haensel and Walther (1966), It•imies and Korpim'•iki 
(1987), Siivonen (1974), Korpim'•ki (1981), Glutz von 
Blotzheim and Bauer ( 1980 ), and H'•kkinen (1978) for 
Europe. 

Statistical analyses were performed using the SYS- 
TAT statistical package (Wilkinson 1989). All statis- 
tical tests were one-tailed unless otherwise noted. 

RESULTS 

Europe.--The number of prey classes and spe- 
cies, FNBc• and FNBsp of mammal-eating raptors 
were significantly negatively correlated with 
latitude and longitude (except FNBsp and lati- 
tude). Conversely, the mean prey mass was sig- 
nificantly positively related to latitude and lon- 
gitude (Table 2). In multiple-regression analy- 
ses, however, geographical trends in dietary 
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Food-niche breadth at species level of dis- 
crimination of European mammal-eating raptors in 
breeding season plotted against longitude (e.g. -10 
= 10øW, 10 = 10øE, etc.) of study site (r. = -0.37, n = 
73, P < 0.01). 

25 

2O 

15 

10 

5 ß -' ,,-., ' 'w, ,- ß ,, ,",• ,-, .,.. ß 
ß ; I' .,i.n,' ß ?'#..' 

o 
30 4•) 5•) 6•) ?•) 8•) 

Latitude 

Fig. 2. Food-niche breadth at species level of dis- 
crimination of European generalist raptors plotted 
against latitude (øN) of study site (rs = 0.24, n = 123, 
P < 0.01). 

characters of mammal-eating raptors were weak: 
no significant relationships were found in the 
data pooled from all seasons. In multiple-re- 
gression analyses using data from the breeding 
season only, FNBc• significantly decreased to- 
ward the north (t = 1.69, P = 0.043), but not 
toward the east (t = 0.42, P = 0.34; model r 2 = 
0.14). The longitudinal decline also was signif- 
icant for the number of prey species (t = 1.86, 
P = 0.034) and FNBsp (t = 1.90, P = 0.031; see 
also Fig. 1), whereas the latitudinal trend was 
not (number of prey species, t = 0.96, P = 0.34; 
FNB,p, t = 0.28, P = 0.39; model r 2 = 0.06 and 
0.10, respectively). 

No obvious geographical trends were found 
in the trophic traits of European bird-eating 
raptors (Table 2). In generalist species, the num- 
ber of prey classes decreased, but the number 
of prey species and FNBs• increased from south 
to north but not from west to east (Table 2). 
Multiple regression revealed that FNBs• was 
significantly explained by latitude (Fig. 2; t = 
2.09, P = 0.02), but not by longitude (t = 0.38, 
P = 0.36; model r 2 = 0.05). 

The number of prey species and FNB,• of Eu- 
ropean diurnal raptors increased toward the 
north and east, whereas the number of prey 
classes and FNBo decreased northward (Table 
3). Mean prey mass was not significantly related 

to geographical location. Multiple-regression 
analyses revealed that the increasing latitudinal 
trend in FNBs• (t = 2.54, P = 0.007) and the 
decreasing latitudinal trend in FNBc• were sig- 
nificant (t = 2.23, P = 0.014), whereas longitu- 
dinal trends were not (FNB•p, t = 1.03, P = 0.16; 
FNBc•, t = 1.21, P = 0.12; model r 2 = 0.06 and 
0.12, respectively). 

In European owls, the number of prey classes 
and prey species declined to the north and east, 
and FNBc• to the east (Table 3). Owls also killed 
larger prey items in the north and east than in 
the south and west. Multiple-regression anal- 
yses using the data from all seasons found that 
only the declining FNBc• along a longitudinal 
gradient was significant (latitude, t = 1.10, P = 
0.27; longitude, t = 1.96, P = 0.026; model r • = 
0.02). Data from the breeding season produced 
clearer trends: the decrease in FNB• was sig- 
nificantly explained by longitude (t = 1.74, P = 
0.042), but not by latitude (t = 0.07, P = 0.48; 
model r2=0.07), and the drop in the number of 
prey species by longitude (t = 1.74, P = 0.042), 
but not by latitude (t = 0.07, P = 0.48; model r • 
= 0.07). 

Individual European raptor species showed 
few significant geographical trends in the tro- 
phic estimates. The number of prey classes de- 
creased toward the north in the Merlin (Falco 
columbarius), and toward the east in the Com- 
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TABLE 3. Spearman rank correlations between trophic characteristics of diurnal raptors and owls, and latitude 
and longitude within Europe and North America. 

No. prey Mean prey 
Diet class Classes Species FNBc• FNB• mass 

Diurna! raptors (n = 108 studies) 
Latitude - 0.23 * 

Longitude -0.10 

Ow!s (n = 191) 
Latitude -0.22'* 

Longitude -0.27'** 

Europe 

0.26** -0.22* 0.30** 0.15 
0.20* -0.04 0.31'* 0.18 

-0.15' -0.09 -0.03 0.25*** 
-0.20** -0.15' -0.09 0.28*** 

NorthAmerica 

Diurnal raptors (n = 115) 
Latitude -0.32*** -0.01 -0.21' -0.14 0.07 

Longitude -0.15 0.22' -0.17 -0.02 0.22' 

Owls (n = 176) 
Latitude -0.05 -0.10 -0.06 -0.19' -0.05 

Longitude 0.24'* 0.12 0.16' 0.26'** -0.12 
*, P < 0.05; **, P < 0.01; ***, P < 0.001; two-tailed tests. 

mon Buzzard (Buteo buteo) and the Northern 
Hawk Owl (Surnia ulula), whereas the number 
of prey classes increased toward the north in 
the Northern Harrier (Circus cyaneus; Table 4). 
Northern Goshawks (Accipiter gentills) and 
Golden Eagles (Aquila chrysaetos) took a larger 
number of prey species in the north than in the 
south and, in addition, Golden Eagles killed 
more prey species in the east than in the west. 
The opposite longitudinal trend was evident for 
the number of prey species of Eurasian Eagle- 
Owls (Bubo bubo). FNBc• of the Barn Owl (Tyto 
alba) decreased with latitude and that of the 

Short-eared Owl (Asio fiamrneus) and the North- 
ern Hawk Owl with longitude. FNBsp of Eur- 
asian Kestrels (Falco tinnunculus) and Golden Ea- 
gles increased toward the north, and also to- 
ward the east. FNB•p of Tengmalm's Owls (Ae- 
golius funereus) decreased toward the east. Golden 
Eagles and Long-eared Owls (Asio otus) killed 
larger prey items in the north than in the south, 
whereas the opposite was true for Eurasian Ea- 
gle-Owls. Barn Owls, Tawny Owls (Strix aluco), 
and Ural Owls (S. uralensis) captured smaller 
prey in the west than in the east, whereas Eur- 
asian Eagle-Owls showed the opposite longi- 
tudinal trend. Using only breeding season diet 
or winter diet, only slightly changed the geo- 
graphical trends described above. In data from 
the breeding season, the number of prey species 
of the Eurasian Kestrel significantly increased 
with latitude (rs = 0.71, n = 9, P < 0.05) and 

FNPsp of the Northern Goshawk expanded with 
longitude (rs = 0.59, n = 14, P < 0.05). 

North America.--The number of prey species 
and FNB,p of mammal-eating raptors increased 
with longitude (Figs. 3 and 4) but not with lat- 
itude (Table 2). Also, multiple regression of the 
number of prey species and FNB,p on latitude 
and longitude revealed that the increasing 
trends were significantly explained by longi- 
tude (number of prey species, t = 2.20, P = 0.015; 

8O 

• 40 

r• 

z 20 

o 
40 6'0 8• 1•0 

Longitude 

Fig. 3. Number of prey species in diet of North 
American mamma!-eating raptors p!otted against lon- 
gitude (øW) of study site (r, = 0.18, n = 163, P < 0.05). 
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T^BLE 4. Spearman rank correlations between latitude and longitude, and trophic characteristics of European 
raptors. 

No. prey Mean prey 
Classes Species FNBc• FNB,p mass 

Eurasian Kestrel (n = 16 studies) 

Latitude 0.23 0.19 0.27 0.55* -0.07 
Longitude 0.05 -0.01 0.37 0.51' 0.22 

Peregrine Falcon (n = 15) 
Latitude 0.34 -0.17 0.34 0.12 0.49 
Longitude 0.19 -0.25 0.19 -0.07 0.22 

Merlin (n = 7) 

Latitude -0.80' -0.74 -0.27 -0.22 0.22 
Longitude -0.51 -0.35 -0.58 0.22 - 0.32 

Northern Goshawk (n = 19) 

Latitude -0.12 0.46* -0.27 0.44 0.40 
Longitude 0.09 0.14 - 0.17 0.45 -0.15 

Sparrowhawk (n = 10) 
Latitude 0.48 - 0.47 0.55 0.17 0.26 
Longitude - 0.06 - 0.29 0.31 0.23 - 0.29 

Golden Eagle (n = 12) 
Latitude 0.01 0.82** -0.21 0.65* 0.65* 
Longitude -0.03 0.71' -0.28 0.63* 0.51 

Common Buzzard (n = 16) 

Latitude - 0.48 0.07 0.07 0.33 0.18 
Longitude -0.59* -0.04 -0.07 0.36 0.30 

Marsh Harrier (n = 7) 

Latitude 0.01 0.70 -0.05 0.32 -0.16 
Longitude 0.32 0.13 0.29 0.32 -0.39 

Northern Harrier (n = 6) 

Latitude 0.12 0.14 0.26 -0.03 -0.03 
Longitude 0.91' 0.64 0.20 0.17 -0.29 

Short-eared Owl (n = 15) 
Latitude - 0.04 0.05 0.03 0.44 0.02 
Longitude -0.29 -0.26 -0.53* -0.07 0.04 

Long-eared Owl (n = 28) 
Latitude -0.05 -0.06 -0.04 0.02 0.47' 
Longitude -0.05 -0.21 -0.29 -0.08 0.32 

Barn Owl (n = 23) 

Latitude -0.34 -0.01 - 0.43' - 0.31 0.14 
Longitude -0.27 0.05 0.08 - 0.35 0.65'* 

Tengmalm's Owl (n = 22) 
Latitude - 0.03 - 0.01 0.37 - 0.36 0.16 
Longitude -0.23 - 0.16 0.38 -0.60'* 0.04 

Little Owl (n = 12) 

Latitude 0.06 0.18 0.44 -0.33 0.43 
Longitude 0.44 0.44 -0.00 0.11 0.06 

Pygmy Owl (n = 14) 
Latitude 0.36 -0.39 0.11 - 0.41 - 0.31 
Longitude 0.48 - 0.20 0.07 -0.25 0.21 

Eurasian Eagle-Owl (n = 30) 
Latitude -0.14 -0.18 021 0.10 -0.39* 
Longitude -0.12 -0.38* -0.02 -0.12 -0.37* 
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T^BLE 4. Continued. 

No. prey 

Classes Species FNB½• 
Mean prey 

FNB,p mass 

Latitude - 0.03 

Longitude - 0.26 

Latitude - 0.65 

Longitude -0.24 

Latitude 0.42 

Longitude -0.18 

Latitude 0.04 

Longitude - 0.72 * 

Tawny Owl (n = 20) 
-0.32 -0.09 
-0.25 -0.15 

Ural Owl (n = 8) 
0.36 -0.16 
0.41 0.12 

Great Grey Owl (n = 9) 
0.06 0.34 

-0.62 0.16 

Northern Hawk Owl (n = 10) 
0.21 0.08 

-0.28 -0.69* 

0.11 0.23 
0.06 0.65** 

0.12 0.28 
0.07 0.76* 

-0.14 0.41 
- 0.35 0.37 

0.25 0.33 
-0.13 0.30 

*, P < 0.05; **, P < 0.01; ***, P < 0.001; two-tailed tests. 

FNB,p, t = 1.71, P = 0.045 ), but not by latitude 
(number of prey species, t = 0.76, P = 0.23; 
FNB,p, t = 0.84, P = 0.20; model r 2 = 0.03 and 
0.02, respectively). Because the species number 
of North American quadrupedal mammals de- 
creases northward above 38-40øN (McCoy and 
Connor 1980, Pagel et al. 1991), we also re- 
moved diet data collected below 40øN, but this 

did not enhance latitudinal trends. Using only 
data from the winter produced a significant re- 
gression of FNB,• on both latitude (t - 2.16, P 
= 0.018) and longitude (t = 1.85, P = 0.036; 

model r 2 = 0.12); FNB,• declined toward the 
north, but expanded toward the west (Fig. 5). 

The number of prey classes of North Amer- 
ican bird-eating raptors decreased with latitude 
and FNPc, with longitude (Table 2). Multiple 
regression of the number of prey species on 
latitude and longitude produced significant re- 
lationships for both independent variables: the 
number of prey species diminished northward 
(t = 1.73, P = 0.047) and increased westward (t 
= 1.77, P = 0.044; model r 2 = 0.11). The number 
of prey classes of generalists was positively as- 
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Fig. 4. Food-niche breadth at species level of dis- 

crimination of North American mammal-eating rap- 
tots plotted against longitude (øW) of study site (rs = 
0.29, n = 163, P < 0.001). 
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Fig. 5. Food-niche breadth at species level of dis- 
crimination of North American mammal-eating rap- 
tors in winter plotted against longitude (øW) of study 
site (r, = 0.42, n = 50, P < 0.01). 
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TABLE 5. Spearman rank correlations between latitude and longitude, and trophic characteristics of North 
American raptors. 

No. prey Mean prey 
Classes Species FNBc• FNBsp mass 

Northern Harrier (n = 10) 

Latitude 0.52 - 0.01 0.57 -0.22 0.15 
Longitude 0.60 0.85** 0.53 0.77* 0.62 

Cooper's Hawk (n = 8) 
Latitude - 0.44 - 0.10 -0.02 0.20 - 0.35 
Longitude 0.11 0.17 -0.05 0.19 - 0.60 

Northern Goshawk (• = 7) 
Latitude -0.10 0.14 0.44 0.23 -0.07 
Longitude -0.20 0.04 0.18 0.32 -0.57 

Broad-winged Hawk (• = 7) 
Latitude - 0.07 - 0.36 -0.27 -0.27 - 0.27 
Longitude 0.20 - 0.41 - 0.02 - 0.41 - 0.27 

Swainson's Hawk (• = 8) 
Latitude 0.00 -0.10 -0.63 -0.81' 0.95** 
Longitude 0.48 0.79* -0.07 -0.31 0.23 

Red-tailed Hawk (• = 17) 
Latitude - 0.33 - 0.36 - 0.01 - 0.29 0.32 
Longitude 0.21 0.06 0.36 - 0.18 0.39 

Ferruginous Hawk (n = 7) 
Latitude -0.20 -0.25 -0.09 - 0.75 -0.21 
Longitude 0.19 0.29 - 0.13 0.21 0.04 

Rough-legged Hawk (• = 6) 
Latitude - 0.43 0.97* 0.71 0.97* 0.44 
Longitude -0.42 0.81 0.81 0.81 0.41 

Golden Eagle (• = 10) 
Latitude -0.02 0.11 0.54 -0.05 -0.29 
Longitude 0.46 0.65* 0.50 0.21 0.37 

American Kestrel (n = 9) 
Latitude 0.06 0.07 - 0.09 -0.03 - 0.09 
Longitude 0.08 - 0.26 -0.23 -0.28 - 0.34 

Merlin (n = 6) 

Latitude - 0.88' 0.46 -0.64 - 0.06 - 0.67 
Longitude - 0.34 0.16 - 0.58 0.23 -0.03 

Peregrine Falcon (n = 10) 
Latitude 0.26 0.25 0.51 0.29 -0.39 
Longitude 0.26 0.61 0.02 0.51 0.22 

Gyrfalcon (n = 5) 
Latitude -- -0.89 -0.22 0.22 0.22 
Longitude -- 0.22 -0.22 0.22 0.22 

Prairie Falcon (n = 5) 
Latitude 0.35 -0.10 -0.10 -0.80 0.10 
Longitude 0.71 0.70 - 0.30 0.10 0.30 

Barn Owl (• = 40) 

Latitude - 0.02 - 0.05 - 0.31 - 0.50* * - 0.36' 
Longitude 0.26 - 0.08 - 0.02 0.13 - 0.33' 

Great Horned Owl (• = 32) 
Latitude 0.11 0.17 - 0.14 - 0.20 0.02 
Longitude 0.50'* -0.1 ! 0.00 -0.11 -0.40' 
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No. prey 

Classes Species FNBc• 
Mean prey 

FNB•p mass 

Latitude -0.06 

Longitude -0.51 

Latitude -0.21 

Longitude -0.09 

Latitude -0.09 

Longitude -0.14 

Latitude - 0.19 

Longitude -0.22 

Latitude - 0.11 

Longitude 0.31 

Latitude 0.02 

Longitude 0.35 

Latitude 0.12 

Longitude 0.44 

Snowy Owl (n = 8) 
-0.29 -0.31 

0.22 -0.50 

Burrowing Owl (n = 16) 
-0.14 -0.05 
-0.11 0.57* 

Spotted Owl (n = 9) 
0.23 -0.13 
0.33 0.13 

Barred Owl (n = 8) 
- 0.28 - 0.65 
-0.28 -0.65 

Long-eared Owl (n = 34) 
-0.19 0.01 

0.36* 0.12 

Short-eared Owl (n = 19) 

- 0.45 - 0.25 
0.10 0.40 

Northern Saw-whet Owl (n = 10) 

0.62 0.45 
0.69* 0.72* 

-0.32 -0.26 

0.23 0.07 

0.06 -0.14 
0.50 0.37 

0.14 0.10 
0.30 -0.26 

-0.32 0.73 
-0.31 0.79* 

-0.16 0.33 
0.59** -0.42* 

-0.42 0.39 
0.26 -0.08 

0.13 -0.35 
0.52 -0.54 

*, P <: 0.05; **, P <: 0.01; ***, P <: 0.001; two-tailed tests. 

sociated with longitude (Table 2). A declining 
trend in the FNB•p of generalists was also sig- 
nificantly related to longitude (t = 2.09, P = 
0.02), but not to latitude (t = 0.95, P = 0.17; 
model r 2 = 0.06). FNBsp of generalists in winter 
was negatively related to both latitude (t = 2.06, 
P = 0.025) and longitude (t = 3.24, P = 0.002; 
model r 2 = 0.39). In eastern North America, the 
species diversity of birds in summer exhibits a 
plateau between 25 ø and 45øN (Tramer 1974); 
therefore, we analyzed the trophic characters 
of bird-eating and generalist raptors above 44øN, 
but this did not affect the results. 

The number of prey classes of North Amer- 
ican diurnal raptors was larger in the south than 
in the north, and the number of prey species 
was larger in the west than in the east (Table 
3). FNBo correlated significantly negatively with 
latitude and mean prey mass positively with 
longitude. The geographic trends in the num- 
ber of prey species and mean prey mass also 
held in multiple-regression analyses: the rela- 
tionships were explained by longitude (number 
of prey species, t = 2.36, P = 0.01; mean prey 

mass, t = 2.57, P = 0.006), but not by latitude 
(number of prey species, t = 1.08, P = 0.14; mean 
prey mass, t = 1.66, P = 0.05; model r 2 = 0.05 
and 0.06, respectively). 

The number of prey classes, FNBc•, and FNB• 
of North American owls were larger in the west 
than in the east (Table 3). FNBs• also declined 
toward the north. Multiple-regression analysis 
showed that latitude explained the decreasing 
trend of FNB• better (t = 1.98, P = 0.025) than 
longitude explained the increasing trend (t = 
1.57, P = 0.059; model r 2 = 0.03, n = 176). The 
number of prey species was significantly neg- 
atively associated with latitude for the winter 
diet data (t = 2.19, P = 0.017), but not with 
longitude (t = 1.16, P = 0.13; model r 2 = 0.10, 
n = 48). 

Few North American raptor species showed 
significant geographical trends in the trophic 
estimates. The number of prey species de- 
creased toward the north in the Merlin, and 
increased toward the east in the Great Horned 

Owl (Bubo virginianus; Table 5). The number of 
prey species increased with latitude in the 
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Rough-legged Hawk (Buteo lagopus) and with 
longitude in the Northern Harrier, Swainson's 
Hawk (B. swainsoni), Golden Eagle, Long-eared 
Owl, and Northern Saw-whet Owl (Aegolius 
acadicus). FNBc• of Burrowing Owls (Speotyto 
cunicularia) and Northern Saw-whet Owls in- 
creased toward the west. FNBsp of the Swain- 
son's Hawk and the Barn Owl declined, and 

that of the Rough-legged Hawk increased 
northward. FNBsp of the Northern Harrier and 
the Long-eared Owl increased westward. 
Swainson's Hawks took larger prey in the north 
than in the south, whereas the opposite was true 
for the Barn Owl. Barn Owls, Great Horned 

Owls and Long-eared Owls killed smaller prey, 
and Barred Owls (Strix varia) larger prey in the 
west than in the east. 

When we restricted the species-level analyses 
to breeding-season or winter diet data only, the 
geographical trends described above changed 
somewhat. The number of prey species in the 
Peregrine Falcon's breeding-season diet in- 
creased with longitude (rs = 0.69, n = 9, P < 
0.05). For winter diets, the number of prey class- 
es and species, FNBc•, FNBs, and mean prey mass 
of Short-eared Owls decreased northward (rs = 
-0.53, -0.65, -0.59, -0.53, respectively; n = 
15, all P < 0.05), whereas mean prey mass in- 
creased northward (rs = 0.66, n = 15, P < 0.05). 
The number of prey classes (rs = -0.52, P < 
0.05), the number of prey species (rs = -0.74, 
P < 0.01), FNB<• (rs = -0.53, P < 0.05), FNBsp 
(rs = -0.89, P < 0.001) and mean prey mass (r, 
= 0.58, P < 0.05) of Long-eared Owls showed 
similar relationships, but FNB,, (rs = 0.53, P < 
0.05) was also positively and mean prey mass 
(rs = - 0.59, P < 0.05) negatively correlated with 
longitude (n = 17 in each case). 

DISCUSSION 

Intra-European trends.--The number of prey 
species and food niche breadth of European 
mammal-eating raptors declined northward and 
eastward, whereas the corresponding trophic 
estimates of generalist raptors increased north- 
ward. The decreasing latitudinal trend found 
for mammal-eating raptors coincides with the 
fact that populations of small mammals and 
small game become more cyclic northward (see 
Introduction). During population peaks, rap- 
tors concentrate their feeding on these abun- 
dant food supplies, but when rodent popula- 
tions crash, raptors disperse over long distances 
to search for areas of vole abundance (e.g. Kor- 

pim•iki and Norrdahl 1991, Korpim•iki 1992a,b). 
This response probably reduces their dietary 
diversity. In the south, abundant rodent sup- 
plies do not exist, and raptors have to capture 
all the available small- and medium-sized mam- 

mals (Goszczynski 1977, Erlinge et al. 1983, Kor- 
pim•iki 1992b), thus creating wider dietary di- 
versity. Generalist raptors, instead, take large 
numbers of small rodents in years when they 
are abundant, but stay in the same areas and 
shift to alternative food sources when rodent 

populations crash (e.g. Saurola 1987, Korpim•iki 
et al. 1990, Korpim•iki 1992b). This may induce 
an increasing latitudinal trend in their food 
niche estimates. The prey size of mammal-eat- 
ing raptors increased northward, possibly be- 
cause the body size of warm-blooded animals 
is larger in colder climates (Bergmann 1847, but 
also see Erlinge 1987). There were no obvious 
geographic gradients in the dietary estimates of 
bird-eating raptors, an observation that does not 
parallel the declining species diversity pattern 
of birds toward the north in Europe. 

In the number of prey classes, diurnal raptors 
and owls showed analogous geographical pat- 
terns in dietary diversity. The decreasing lati- 
tudinal trend is probably attributable to the de- 
clining number of cold-blooded animals in the 
same direction. At the species level, however, 
the trophic diversity of diurnal raptors and owls 
showed different south-to-north trends. The 

reasons may be the same that were proposed to 
explain the different trends in mammal-eating 
and generalist raptors (see above). Owls took 
larger prey items in the north and east than in 
the south and west, but diurnal raptors did not. 
One reason may be that owls eat mainly mam- 
mals, and the body size of mammals increases 
toward the north (see above). 

European raptors fell into the following cat- 
egories with respect to the geographical trends 
in trophic diversity: (1) at the class level, de- 
creasing trends northward (Merlin and Barn 
Owl) or eastward (Common Buzzard, Short- 
eared Owl, and Northern Hawk Owl); (2) at the 
class level, increasing trend toward the east 
(Northern Harrier); (3) at the species level, de- 
creasing trends eastward (Eurasian Eagle-Owl 
and Tengmalm's Owl); (4) at the species level, 
increasing trends toward the north (Eurasian 
Kestrel), or toward both north and east (North- 
ern Goshawk and Golden Eagle); and (5) no 
consistent geographical trend--the remaining 
species. Our results deviate somewhat from 
those obtained by Marti et al. (1993), who com- 
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pared the trophic diversity of European raptors 
in five assemblages. In the present study, we 
used the exact geographical locations of the 
study sites unlike the large geographical regions 
used by Marti et al. (1993; Mediterranean area, 
western Europe, eastern Europe, central Fen- 
noscandia, and northern Fennoscandia). Our 
species-level analysis removed what had ap- 
peared to be an increasing latitudinal trend in 
FNB,p for the Merlin, the Sparrowhawk, the 
Common Buzzard, and the Tawny Owl, as well 
as a decreasing FNBsp for the Ural Owl and Pyg- 
my Owl (Marti et al. 1993). Our new analysis 
revealed different trends for the Northern Gos- 

hawk and the Golden Eagle. 
Trends within North America.--The number of 

prey species and FNB,• of mammal-eating rap- 
tors increased from east to west, which is con- 

sistent with the increasing number of mammals 
per unit area farther west (Pagel et al. 1991). In 
winter, FNB• also declined from south to north, 
in agreement with the decreasing number of 
North American quadrupedal mammals above 
38-40øN (McCoy and Connor 1980, Pagel et al. 
1991). 

In bird-eating raptors, the number of prey 
species diminished northward and increased 
westward, which parallels the geographical 
trends in the number of bird species (see Intro- 
duction). FNBs• of generalist raptors decreased 
from east to west and, in winter, also from south 
to north. The latitudinal trend is consistent with 

that in the species diversity of birds, especially 
in that of wintering birds, whereas the longi- 
tudinal trend is opposite to that in the bird 
species diversity. 

The number of prey species of diurnal raptors 
was larger in the west than in the •ast. The same 
trend also held for the number of prey species 
and FNB,• of owls, but FNB•p also decreased 
from south to north. In winter, the number of 

prey species of owls was negatively associated 
with latitude but not with longitude. These 
trends are in agreement with those in the spe- 
cies diversity of mammals and birds. 

North American raptors can be categorized 
into the following groups with respect to the 
geographical trends in trophic diversity: (1) at 
the class level, decreasing trends toward the 
north (Merlin, Long-eared Owl, Short-eared 
Owl; only in w•nter data for the two owl spe- 
cies) or east (Northern Saw-whet Owl and Bur- 
rowing Owl); (2) at the class level, increasing 
trend toward the east (Great Horned Owl); (3) 
at the species level, declining trends toward the 

north (Swainson's Hawk, Barn Owl, Long-eared 
Owl, and Short-eared Owl; only in winter data 
for last two owl species) or east (Northern Har- 
rier and Long-eared Owl); (4) at the species lev- 
el, increasing trends toward the north (Rough- 
legged Hawk), or east (Golden Eagle, Swain- 
son's Hawk, Northern Harrier, Northern Saw- 

whet Owl, Long-eared Owl, and Peregrine Fal- 
con; only in breeding-season data); and (5) no 
consistent geographical trend--the remaining 
species. 

Our results for North America deviated some- 

what from those reported by Marti et al. (1993), 
who compared the trophic diversity of North 
American raptors in five regions (Alaska-Can- 
ada, western North America, midcentral North 
America, eastcentral North America and south- 

eastern United States). The more precise geo- 
graphic locations of study sites used in the pres- 
ent analysis did not confirm the increasing lat- 
itudinal trend in FNB• of the Short-eared Owl 
nor the opposite trend in FNBs• of the Merlin 
and the Peregrine Falcon. In addition, the in- 
creasing trend of FNB,• from east to west for 
the Cooper's Hawk, Northern Goshawk, Red- 
tailed Hawk, Ferruginous Hawk, Peregrine Fal- 
con, Prairie Falcon, Barn Owl, Great Horned 

Owl, Snowy Owl, Barred Owl, and Short-eared 
Owl, and the declining of FNBs• of the Broad- 
winged Hawk and American Kestrel were not 
found at the finer geographic resolution used 
in this study. 

CONCLUDING REMARKS 

If dietary opportunism of predators holds over 
large geographic areas, trends of raptor trophic 
characteristics should be explained largely by 
the distribution patterns of their prey. In both 
Europe and North America, latitudinal and lon- 
gitudinal trends in trophic diversity of mam- 
mal-eating diurnal raptors and owls were more 
obvious than those of bird-eating and generalist 
raptors. This suggests that mammal-eating rap- 
tors are more opportunistic in their diet choice 
than bird eaters and generalists. Also, a wide- 
spread premise is that raptors feeding mainly 
on mammals, especially on small rodents, are 
opportunistic predators and show high dietary 
overlaps (e.g. Jaksi6 and Braker 1983, Marks and 
Marti 1984, Steenhof and Kocheft 1985; but see 

Nilsson 1984, Korpimfiki 1987) because they 
usually concentrate predation on one or two 
abundant prey species. In contrast, bird-eating 
raptors typically show low dietary overlap and 
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clear morphological separation (e.g. Opdam 
1975, Reynolds and Mestow 1984, Schoener 
1984). However, geographic trends in trophic 
diversity of both European and North American 
mammal-eating raptors were usually not very 
evident, because in multiple-regression analy- 
ses the geographical location of the study site 
only explained a small part (maximum < 15%) 
of the variation in trophic characteristics. This 
suggests that diet composition of those species 
cannot be interpreted in terms of simple op- 
portunistic foraging without implicating other 
explaining factors, such as interspecific com- 
petition, which may alter the diet composition 
at the individual level among species pairs un- 
dergoing competition (e.g. Korpim•iki 1987). 

Within Europe, the latitudinal gradient in di- 
etary diversity of raptors was more evident than 
the longitudinal gradient, whereas within North 
America, the longitudinal gradient appeared 
more conspicuous. In both continents, these 
gradients were more marked in winter diets 
than in the breeding season diets of raptors. 
These results are consistent with the known 

regional trends in prey assemblages: in Europe, 
a south-to-north gradient in diversity and sta- 
bility of bird and mammal communities appears 
to be more marked than a west-to-east gradient, 
whereas in North America, the number of mam- 

mal species markedly increases from east to west 
but not so evidently from south to north (Paget 
et al. 1991). In winter, most northern birds mi- 
grate to the south and many mammals live be- 
low the snow, which decreases their availability 
to aerial predators. This further ameliorates the 
latitudinal gradient in dietary diversity of rap- 
tors in winter. 

Our analyses revealed different intraconti- 
nental trends in trophic characters than those 
found by Marti et at. (1993). Among the raptor 
species occupying both continents, only the 
Merlin and Short-eared Owl showed significant 
geographical trends in trophic diversity at the 
class level and the Golden Eagle at the species 
level both within Europe and North America. 
Although we controlled the biases possibly due 
to different seasons of sampling food data, the 
trophic characteristics of individual species 
studied showed weak geographical patterns. 
Obviously, raptor species perceive food re- 
sources variously in different localities and re- 
spond to these resources differently even in 
nearby areas. Therefore, diet composition of a 
given raptor species cannot be extrapolated to 
even a neighboring area. 
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(3) Hiraldo et al. 1975, Donaria Acta Vertebr. 2: 161- 
177. (4) Huhtala et al. 1976, Suomensel•in Linnut 11: 
4-13. (5) Hagen 1952, Rovfuglene og viltpleien. Gyld- 
endal Norsk Forlag, Oslo, Norway. (6) Tiilikainen and 
Koivula 1979, Pages 73-75 in Maael•iimistiSn tunte- 
muksen ja ekologian kurssi. Univ. Oulu, Finland. (7) 
Mikola 1985, M.S. thesis, Univ. Oulu, Finland. (8) 
Mikkola 1974, Savon Luonto 6: 21-22. (9) Sulkava 
1966, Suom. Riista 18: 145-156. (10) Curry-Lindahl 
1950, Vfir Ft•gelv•irld 9: 113-165. (11) Olsson 1979, 
Viltrevy 11: 1-99. (12) Mysterud and Dunker 1982, 
Viltrevy 12: 71-113. (13) Willgohs 1974, Sterna 13: 
129-177. (14) M•irz 1958, Der Uhu. Die neue Brehm- 
Bficherei, A. Ziemsen Verlag, Wittenberg Lutherstadt. 
(15) M•irz 1936, Ornis Fenn. 13: 23-34. (16) HiSglund 
1966, Viltrevy 4: 43-80. (17) Schaeffer 1970, Bonn. 
zool. Beitr. 21: 52-62. (18) Janossy and Schmidt 1970, 
Bonn. zool. Beitr. 21: 25-51. (19) Schaefer 1938, Beitr. 
Fortpflanzungbiol. ViSgel 14: 21-25. (20) Frey and 
Walter 1977, Egretta 21: 26-35. (21)Frey 1973, Egretta 
16: 1-67. (22) Rockenbauch 1978, Anz. ornithol. Ges. 
Bayern 17: 293-328. (23) Haas 1943, Beitr. Fortpflan- 
zungsbiol. ViSgel 19: 137-139. (24) Wagner and 
Springer 1970, Ornithol. Beob. 67: 77-94. (25) Orsini 
1985, Alauda 53: 11-28. (26) Cugnasse 1983, Nos 
Oiseaux 37: 117-128. Tawny Owl: (1) Delmee et al. 
1982, LeGerfaut 72: 287-306. (2) Haensel and Walther 
1966, Beitr. Vogelkd. 11: 345-358. (3) Lopez-Gordo et 
al. 1977, Ardeola 23: 189-221. (4) Mikkola 1983, Owls 
of Europe. Poyser, Calton. (5) Hagen 1952, Rovfug- 
lene og viltpleien. Gyldendal Norsk Forlag, Oslo, 
Norway. (6) Mikkola and Jussila 1974, P•iij•it-H•imeen 
Linnut 5: 84-87. (7) Mikkola 1970, Savon Luonto 2. 
(8) Holmberg 1976, Fauna Flora (Stockh.) 71: 97-107. 
(9) K•illander 1977, Vt•r F•gelv•irld 36: 134-142. (10) 
Wendland 1980, Beitr. Vogelkd. 26: 157-171. (11) 

Krauss 1977, Beitr. Vogelkd. 23: 313-329. (12) Smeenk 
1972, Ardea 60: 1-71. (13) Yalden 1985, Bird Study 32: 
122-131. (14) Southern 1954, Ibis 96: 384-407. (15) 
Thiollay 1968, Nos Oiseaux 29: 249-269. (16) Ruprecht 
and Szwagrzak 1987, iSkol. ViSgel 9: 89-96. (17) Weber 
1973, Beitr. Vogelkd. 19: 363-375. (18) Kirk 1992, J. 
Raptor Res. 26: 239-242. Ural Owl: (1) UttendiSrfer 
1952, Neue Ergebnisse fiber die Ern•ihrung der Gre- 
ifviSgel und Eulen. Eugen Ulmer, Stuttgart. (2) Mys- 
terud and Hagen 1969, Nytt Mag. Zool. 17: 165-167. 
(3) Mikkola and Mikkola 1974, Suomensel•in Linnut 
9: 103-107. (4) Mikola 1985, M.S. thesis, Univ. Oulu, 
Finland. (5) Kunttu 1978, P•iij•it-H•imeen Linnut 9: 14- 
19. (6) J•iderholm 1987, Ornis Fenn. 64: 149-153. (7) 
Korpim•iki and Sulkava 1987, Ornis Fenn. 64: 57-66. 
Great Grey Owl: (1) HiSglund and Lansgren 1968, 
Viltrevy 5: 363-421. (2) Mikkola 1976, Savon Luonto 
8: 13-22. (3) Pulliainen and Loisa 1977, Aquilo Set. 
Zool. 17: 23-33. (4) Mikkola 1981, Savon Luonto 13: 
30-33. (5) Alaja and Lyytik•iinen 1972, Savon Luonto 
4: 38-39. (6) Mikkola 1973, Falke 20: 196-204. (7) Mik- 
kola 1974, Siipirikko 2: 16-18, and Eskelinen and Leh- 
toranta 1986, Siipirikko 13: 122-123. (8) Mikkola and 
Sulkava 1970, Br. Birds 63: 23-27. (9) Mikkola 1972, 
Br. Birds 65: 31-32. Northern Hawk Owl: (1) Hagen 
1952, Rovfuglene og viltpleien. Gyldendal Norsk For- 
lag, Oslo. (2) Hogstad 1986, Fauna Norv. Ser. C 9: 
107-110. (3) Ims 1982, Fauna 35: 133-139. (4) Nie- 
thammer 1984, S•iugetierkd. Mitt. 31: 171-177. (5) Kor- 
pim•iki 1972, Suomensel•in Linnut 7: 36-40, and E. 
Korpim•iki unpubl. data. (6) Mikkola 1971, Angew. 
Ornithol. 3: 133-141. (7) Skar•n 1983, Savon Luonto 
15: 18-24. (8) Eskelinen 1986, Siivek•is 6: 40-41. (9) 
Mikkola 1971, P•iij•it-H•imeen Linnut 2: 8-11. 

North American raptors 

American Kestrel: (1) KnowItoh and Telford 1947, 
Auk 64:311. (2) Craighead and Craighead 1956, Hawks, 
owls and wildlife, Stackpole Books, Harrisburg, 
Pennsylvania. (3) Heintzelman 1964, Wilson Bull. 76: 
323-330. (4) Smith et al. 1972, Southwest. Nat. 17: 73- 
83. (5) Collopy 1973, Raptor Res. 7: 25-31. (6) Smith 
and Murphy 1973, Brigham Young Univ. Sci. Bull. 
Biol. 18: 1-76. (7) Young and Blomme 1975, Ont. Field 
Biol. 29: 44-49. (8) Craig and Trost 1979, Wilson Bull. 
91: 50-61. Merlin: (1) Page and Whitacre 1975, Con- 
dor 77: 73-83. (2) Oliphant and McTaggert 1977, Can. 
Field-Nat. 91: 190-192. (3) Becker 1985, Wilson Bull. 
97: 226-230. (4) Laing 1985, Raptor Res. 19: 42-51. (5) 
James and Smith 1987, Can. Field-Nat. 101: 592-594. 
(6) Warkentin and Oliphant 1990, J. Zool. (Lond.) 221: 
539-563. Peregrine Falcon: (1) Errington 1933, Con- 
dor 35: 19-29. (2) Cade 1960, Univ. Calif. Publ. Zool. 
63: 151-290. (3) Cade et al. 1968, Condor 70: 170-178. 
(4) White and Cade 1971, Living Bird 10: 107-150. (5) 
Porter and White 1973, Brigham Young Univ. Sci. 
Bull. Biol. 18: 1-74. (6) White et al. 1973, Condor 75: 
306-311. (7) Bird and Aubry 1982, Can. Field-Nat. 96: 
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167-171. (8) Paine et al. 1990, Auk 107: 1-9. (9) Bradley 
and Oliphant 1991, Condor 93: 193-197. (10) D. Paul 
unpubl. data. Prairie Falcon: (1) Craighead and Craig- 
head 1956, Hawks, owls and wildlife, Stackpole Books, 
Harrisburg, Pennsylvannia. (2) Porter and White 1973, 
Brigham Young Univ. Sci. Bull. Biol. 18: 1-74. (3) 
Marti and Braun 1975, Condor 77: 213-214. (4) 
MacLaren et al. 1988, Great Basin Nat. 48: 548-553. 

(5) Marti et al. 1993, Oikos 67: 6-18. Gyrfalcon: (1) 
Cade 1960, Univ. Calif. Publ. Zool. 63: 151-290. (2) 
White and Cade 1971, Living Bird 10: 107-150. (3) 
Roseneau 1972, M.S. thesis, Univ. Alaska, College. (4) 
Poole and Boag 1988, Can. J. Zool. 66: 334-344. Coop- 
er's Hawk: (1) Hamerstrom and Hamerstrom 1951, 
Wilson Bull. 63: 16-25. (2) Meng 1959, Wilson Bull. 
71: 169-174. (3) Janik and Mosher 1982, Raptor Res. 
16: 18-24. (4) Reynolds and Meslow 1984, Auk 101: 
761-779. (5) Toland 1985, J. Field Ornithol. 56: 419- 
422. (6) Kennedy and Johnson 1986, Wilson Bull. 98: 
110-115. (7) Kennedy 1991, Ph.D. thesis, Utah State 
Univ., Logan. (8) Bosakowski and Smith 1992, Can. J. 
Zool. 70: 984-992. Northern Goshawk: (1) Sutton 1927, 
Cardinal 2: 35-41. (2) Schnell 1958, Condor 60: 377- 
403. (3) Meng 1959, Wilson Bull. 71: 169-174. (4) 
Gryzbowski and Eaton 1976, Wilson Bull. 88: 669- 
670. (5) Reynolds and Meslow 1984, Auk 101: 761- 
779. (6) Kennedy 1991, Ph.D. thesis, Utah State Univ., 
Logan. (7) Bosakowski and Smith 1992, Can. J. Zool. 
70: 984-992. Golden Eagle: (1) Carhie 1954, Condor 
56: 3-12. (2) McGahan 1968, Auk 85: 1-12. (3) Arnell 
1971, M.S. thesis, Brigham Young Univ., Provo, Utah. 
(4) Mollhagen et al. 1972, J. Wildl. Manage. 36: 784- 
792. (5) Smith and Murphy 1973, Brigham Young Univ. 
Sci. Bull. Biol. 18: 1-76. (6) Boag 1977, Can. Field-Nat. 
91: 296-298. (7) Bloom and Hawks 1982, Raptor Res. 
16: 110-115. (8) Marr and Knight 1983, Murrelet 64: 
73-77. (9) MacLaren et al. 1988, Great Basin Nat. 48: 
548-553. (10) Marti et al. 1993, Oikos 67: 6-18. Broad- 
winged Hawk: (1) Errington and Breckenridge 1938, 
Am. Midi. Nat. 17: 831-848. (2) Rusch and Doerr 1972, 
Auk 89: 139-145. (3) Fitch 1974, Condor 76: 331-360. 
(4) Mosher and Marry 1974, Auk 91: 325-341. (5) Janik 
and Mosher 1982, Raptor Res. 16: 18-24. (6) Crocoll 
and Parker 1989, J. Raptor Res. 23: 125-139. (7) Bo- 
sakowski and Smith 1992, Can. J. Zool. 70: 984-992. 
Red-tailed Hawk: (1) Errington 1933, Condor 35: 19- 
29. (2) Fitch et al. 1946, Condor 48: 205-237. (3) Craig- 
head and Craighead 1956, Hawks, owls and wildlife, 
Stackpole Books, Harrisburg, Pennsylvania. (4) Sei- 
densticker 1970, Murrelet 51: 38-40. (5) Gates 1972, 
Wilson Bull. 84: 421-433. (6) Smith and Murphy 1973, 
Brigham Young Univ. Sci. Bull. Biol. 18: 1-76. (7) 
Knight and Erickson 1976, Raptor Res. 10: 108-111. 
(8) Springer and Kirkley 1978. Ohio J. Sci. 78: 323- 
328. (9) Fitzner et al. 1981, Batelie Pacific Northwest 
Laboratory, Richland, Washington. (10) MacLaren et 
al. 1988, Great Basin Nat. 48: 548-553. (11) Restani 
1991, Condor 93: 1007-1010. (12) Bosakowski and 
Smith 1992, Can. J. Zool. 70: 984-992. (13) Marti et al. 

1993, Oikos 67: 6-18. Swainson's Hawk: (1) Errington 
and Breckenridge 1938, Am. Midi. Nat. 17: 831-848. 
(2) Smith and Murphy 1973, Brigham Young Univ. 
Sci. Bull. Biol. 18: 1-76. (3) Schmutz et al. 1980, Can. 
J. Zool. 58: 1075-1089. (4) Fitzner et al. 1981, Batelie 
Pacific Northwest Laboratory, Richland, Washington. 
(5) Gilmer and Stewart 1984, Condor 86: 12-18. (6) 
Bednarz 1988, Condor 90: 311-323. (7) Bednarz et al. 
1990, New York State Mus. Bull. 471: 92-101. (8) Res- 
tani 1991, Condor 93: 1007-1010. Ferruginous Hawk: 
(1) Murphy et al. 1969, Brigham Young Univ. Sci. Bull, 
Biol. Ser. 10: 1-36. (2) Schmutz et al. 1975, Can. J. 
Zool. 58: 1075-1089. (3) Lokemoen and Duebbert 1976, 
Condor 78: 464-470. (4) Blair and Schitoskey 1982, 
Wilson Bull. 94: 46-54. (5) MacLaren et al. 1988, Great 
Basin Nat. 48: 548-553. (6) Restani 1991, Condor 93: 
1007-1010. (7) Marti et al. 1993, Oikos 67: 6-18. Rough- 
legged Hawk: (1) Errington and Breckenridge 1938, 
Am. Midi. Nat. 17: 831-848. (2) Craighead and Craig- 
head 1956, Hawks, owls and wildlife, Stackpole Books, 
Harrisburg, Pennsylvania. (3) Schnell 1967, Kans. Or- 
nithol. Soc. Bull. 18: 21-28. (4) White and Cade 1971, 
Living Bird 10: 107-150. (5) Springer 1975, Condor 
77: 338-339. (6) T. Swem unpubl. data. Northern Har- 
rier: (1) Errington 1933, Condor 35: 19-29. (2) Erring- 
ton and Breckenridge 1936, Am. Midi. Nat. 17: 831- 
848 (two locations). (3) Selleck and Glading 1943, Calif. 
Fish Game 29: 122-131. (4) Hecht 1951, Wilson Bull. 
63: 167-176. (5) Craighead and Craighead 1956, Hawks, 
owls and wildlife, Stackpole Books, Harrisburg, 
Pennsylvania. (6) Jackson et al. 1972, Miss. Kite 2: 25- 
32. (7) Barnard et al. 1987, Can. J. Zool. 65: 1942-1946. 
(8) Bildstein 1987, Ohio Biol. Surv., Biol. Notes No. 
18. (9) Marti et al. 1993, Oikos 67: 6-18. Northern 
Saw-whet Owl: (1) Randie and Austing 1952, Ecology 
33: 422-426. (2) Forsman and Maser 1970, Murrelet 
51: 10. (3) Carling 1973, Ont. Field Biol. 26: 1-15. (4) 
Boula 1982, Murrelet 63: 92-93. (5) Grove 1985, Murre- 
let 66: 21-24. (6) Cannings 1987, Pages 193-198 in 
Biology and conservation of northern forest owls (R. 
W. Nero, R. J. Clark, R. J. Knapton, and R. H. Hamre 
Eds.). U.S. Dep. Agric. For. Serv., Gen. Tech. Rep. RM- 
142, Ft. Collins, Colorado. (7) Swengel and Swengel 
1987, Pages 199-208 in Biology and conservation of 
northern forest owls (R. W. Nero, R. J. Clark, R. J. 
Knapton, and R. H. Hamre Eds.). U.S. Dep. Agric. For. 
Serv., Gen. Tech. Rep. RM-142, Ft. Collins, Colorado. 
(8) Holt et al. 1991, Can. Field-Nat. 105: 382-385. (9) 
Marti et al. 1993, Oikos 67: 6-18. (10) T. Swem unpubl. 
data. Short-eared Owl.' (1) Cahn and Kemp 1930, Auk 
47: 323-328. (2) Tomkins 1936, Wilson Bull. 48: 77- 
79. (3) Hendrickson and Swan 1938, Ecology 19: 584- 
588. (4) Snyder and Hope 1938, Wilson Bull. 50: 110- 
112. (5) Terres and Jameson 1943, Wilson Bull. 55: 131. 
(6) Baumgartner and Baumgartner 1944, Wilson Bull. 
56: 209-215. (7) Banfield 1947, Can. J. Res. 25: 45-65. 
(8) Craighead and Craighead 1956, Hawks, owls and 
wildlife, Stackpole Books, Harrisburg, Pennsylvan- 
nia. (9) Johnston 1956, Wilson Bull. 68: 91-102. (10) 
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Fisler 1960, Condor 62: 486-487. (11) Munyer 1966, 
Trans. Ill. State Acad. Sci. 59: 174-180. (12) Maser et 
al. 1970, Murrelet 51: 29-33. (13) Maser et al. 1971, 
Murrelet 52: 27. (14) Clark 1975, Wildl. Monogr. 47: 
1-67. (15) Fitzner and Fitzner 1975, Murrelet 56: 2-4. 
(16) Hughes 1982, Murrelet 63: 22-24. (17) Colvin and 
Spaulding 1983, Am. Midi. Nat. 110: 124-128. (18) 
Wiebe 1991, J. Raptor Res. 25: 143-145. Long-eared 
Owl: (1) Warthin and van Tyne 1922, Auk 39: 417. 
(2) Cahn and Kemp 1930, Auk 47: 323-328. (3) Er- 
rington 1932, Condor 34: 176-186. (4) Errington 1933, 
Condor 35: 19-29. (5) Spiker 1933, Wilson Bull. 45: 
198. (6) Wilson 1938, Auk 55: 187-197. (7) Geis 1952, 
Jack-Pine Warbler 30: 93. (8) Randie and Austing 1952, 
Ecology 33: 422-426. (9) Rainey and Robinson 1954, 
Trans. Kans. Acad. Sci. 57: 206-207. (10) Craighead 
and Craighead 1956, Hawks, owls and wildlife, Stack- 
pole Books, Harrisburg, Pennsylvania. (11) Arm- 
strong 1958, Mich. State Univ. Publ. Mus. Biol. Ser. 
No. 1. (12) Birkenholz 1958, Trans. Ill. State Acad. Sci. 
51: 83-86. (13) Catlet et al. 1958, J. Colo.-Wyo. Acad. 
Sci. 4: 48. (14) Stophlet 1959, Wilson Bull. 71: 97-99. 
(15) Woods and Catling 1966, Ont. Field Biol. 20: 6- 
9. (16) Maser et al. 1970, Murrelet 51: 29-33. (17) Reyn- 
olds 1970, Murrelet 51: 8-9. (18) Marti 1974, Condor 
76: 45-61. (19) Johnson 1974, Condor 56: 52. (20) Knight 
and Erickson 1977, Murrelet 58: 2-6. (21) Voight and 
Glenn-Lewin 1978, Am. Midi. Nat. 99: 162-171. (22) 
Fitzner et al. 1981, Batelie Pacific Northwest Labo- 

ratory, Richland, Washington. (23) Ktippel and Par- 
malee 1982, J. Field Ornithol. 53: 418-420. (24) Marks 
1984, Can. J. Zool. 62: 1528-1533. (25) Thurow and 
White 1984, Murrelet 65: 10-14. (26) Hooper and Ny- 
hof 1986, Murrelet 67: 28-30. (27) Marti et al. 1986, 
Southwest. Nat. 31: 416-419. (28) Bull et al. 1989, Con- 
dor 91: 908-912. (29) Bosakowksi and Smith 1992, Can. 
J. Zool. 70: 984-992. (30) C. D. Marti unpubl. data. 
Barred Owl: (1) Errington 1932, Condor 34: 176-186. 
(2) Wilson 1938, Auk 55: 187-197. (3) Blakemore 1940, 
Flicker 12: 21-22. (4) Hamerstrom and Hamerstrom 
1951, Wilson Bull. 63: 16-25. (5) Devereux amd Mo- 
sher 1984, Raptor Res. 18: 49-58. (6) Marks et al. 1984, 
Murrelet 65: 27-28. (7) Bosakowski and Smith 1992, 
Can. J. Zool. 70: 984-992. (8) T. Hamer unpubl. data. 
Spotted Owl: (1) Barrows 1980, Raptor Res. 14: 73- 
78. (2) Wagner et al. 1982, Raptor Res. 16: 27-28. (3) 
Forsman et al. 1984, Wildl. Monogr. No. 87. (4) Ganey 
et al. 1986, Nat. Wildl. Fed. Sci. Tech. Series no. 11., 

Washington, D.C. (5) Thraikill and Bias 1989, J. Raptor 
Res. 23: 39-41. (6) Cutler and Hays 1991, Northwest. 
Nat. 72: 66-69. (7) Ganey 1992, Wilson Bull. 104: 321- 
326. (8) T. Hamer unpubl. data. Snowy Owl: (1) Gross 
1944, Auk 61: 1-18. (2) Catling 1973, Ont. Field Biol. 
27: 41-45. (3) Parker 1974, Can. Field-Nat. 88: 151- 
156. (4) Cambell 1978, J. Wildl. Manage. 42: 190-192. 
(5) Williams and Frank 1979, Condor 81: 213-214. (6) 
Chamberlin 1980, Wilson Bull. 92: 116-120. (7) Lein 
and Boxall 1979, Can. Field-Nat. 93: 411-414. (8) Box- 
all and Lein 1982, Arctic 35: 282-290. Barn Owl.. (1) 

Foster 1927, Condor 29: 246. (2) Hall 1927, Condor 
29: 274-275. (3) Errington 1932, Condor 34: 176-186. 
(4) Wilson 1938, Auk 55: 187-197. (5) Baumgartner 
and Baumgartner 1944, Wilson Bull. 56: 209-215. (6) 
Evans and Emlen 1947, Condor 49: 3-9. (7) Fitch 1947, 
Condor 49: 137-151. (8) Stickel and Stickel 1948, J. 
Mammal. 29: 291-293. (9) Wallace 1948, Mich. Agric. 
Exp. Stn. Tech. Bull. 208. (10) Petitt 1951, Trans. Kans. 
Acad. Sci. 54: 395. (11) Twente and Baker 1951, J. 
Mammal. 32: 120-121. (12) Boyd and Shriner 1954, 
Auk 71: 199-201. (13) Anderson and Nelson 1960, 
Southwest. Nat. 5: 99-101. (14) Trost and Hutchison 
1963, Q. J. Fla. Acad. Sci. 26: 382-384. (15) Giger 1965. 
Murrelet 46: 32-36. (16) Maser and Brodie 1966, 
Murrelet 47: 9-14. (17) Greer and Gilstrap 1970, Okla. 
Ornithol. Soc. 3: 25-29. (18) Maser and Hammer 1972, 
Murrelet 53: 28. (19) Otteni et al. 1972, Wilson Bull. 
84: 434-448. (20) Smith et al. 1972, Great Basin Nat. 
32: 229-234. (21) Blem and PageIs 1973, Vir. J. Sci. 24: 
212-214. (22) Clark and Wise 1974, Murrelet 55: 5-7. 
(23) Marti 1974, Condor 76: 45-61. (24) Epperson 1976, 
Nebr. Bird Rev. 44.54-57. (25) Dexter 1978, Kirtlandia 
24: 1-6. (26) Klaas et al. 1978, Estuaries 1: 46-53. (27) 
Maser et al. 1980, Murrelet 61: 78-80. (28) Fitzner et 
al. 1981, Batelie Pacific Northwest Laboratory, Rich- 
land, Washington. (29) Goyer et al. 1981, Southwest. 
Nat. 26: 202-204. (30) Hegdal and Blaskiewiz 1984, 
Environ. Toxicol. Chem. 3: 167-179. (31) Knight and 
Jackman 1984, Auk 101: 175-179. (32) Bull and Ak- 
enson 1985, Murrelet 66: 65-68. (33)Adams et al. 1986, 
J. Elisha Mitchell Sci. Soc. 102: 16-18. (34) Baker 1986, 
Southwest. Nat. 31: 401. (35) Colvin and McLean 1986, 
Ohio J. Sci. 86: 76-86. (36) Campbell et al. 1987, Can. 
J. Zool. 65: 578-586. (37) Marti 1988, Can. J. Zool. 66: 
1803-1812. (38) Barrows 1989, Raptor Res. 14: 73-78. 
(39) Marra et al. 1989, Southwest. Nat. 34: 142-144. 
(40) Marti et al. 1993, Oikos 67: 6-18. Great Horned 
Owl: (1) Bird 1929, Can. Field-Nat. 43: 79-83. (2) Er- 
rington 1932, Condor 34: 176-186. (3) Bond 1940, Con- 
dor 42: 164-165. (4) Fitch 1947, Condor 49: 137-151. 
(5) Craighead and Craighead 1956, Hawks, owls and 
wildlife, Stackpole Books, Harrisburg, Pennsylvania. 
(6) Crawford 1960, Iowa Bird Life 38: 119-120. (7) 
Cunningham 1960, Condor 62: 222. (8) Schemnitz and 
Ables 1962, Condor 64: 328-329. (9) Long and Kerfoot 
1963, J. Mammal. 44: 129-131. (10) Maser and Brodie 
1966, Murrelet 47: 9-14. (11) Brodie and Maser 1967, 
Murrelet 48: 11-12. (12) Seidensticker 1968, Murrelet 
49: 1-3. (13) Murphy et al. 1969, Brigham Young Univ. 
Sci. Bull, Biol. Ser. 10: 1-36. (14) Maser et al. 1970, 
Murrelet 51: 29-33. (15) Rickart 1972, Prairie Nat. 4: 
35-38. (16) Smith and Murphy 1973, Brigham Young 
Univ. Sci. Bull. Biol. 18: 1-76. (17) Marti 1974, Condor 
76: 45-61. (18) Shuster 1974, Colo. Field Ornithol. 19: 
4-8. (19) Czaplewski 1976, Nebr. Bird Rev. 44: 12-15. 
(20) Frounfelker 1977, M.S. thesis. Univ. Idaho, Mos- 
cow. (21) Knight and Erickson 1977, Murrelet 58: 2- 
6. (22) Rudolph 1978, Wilson Bull. 90: 134-137. (23) 
Springer and Kirkley 1978, Ohio J. Sci. 78: 323-328. 
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(24) Fitzner et al. 1981, Batelle Pacific Northwest Lab- 
oratory, Richland, Washington. (25) Wink et al. 1987, 
Proc. Penn. Acad. Sci. 61: 133-137. (26) Barrows 1989, 
Raptor Res. 14: 73-78. (27) Bosakowski et al. 1989, Can. 
Field-Nat. 103: 65-69. (28) Weir and Hansen 1989, 
Can. Field-Nat. 103: 12-17. (29) Llinas-Gutierrez et al. 
1991, J. Raptor Res. 25: 140-141. (30) Bosakowski and 
Smith 1992, Can. J. Zool. 70: 984-992. (31) Marti et al. 
1993, Oikos 67: 6-18. Burrowing Owl: (1) Errington 
and Bennett 1935, Wilson Bull. 47: 125-128. (2) Bond 
1942, Condor 44: 18. (3) Grant 1965, Loon 37: 2-17. 
(4) Maser et al. 1971, Northwest. Sci. 45: 19-26. (5) 

Thomsen 1971, Condor 73: 177-192. (6) Lewis 1973, 
Fla. Field-Nat. 1: 29-31. (7) Smith and Murphy 1973, 
Brigham Young Univ. Sci. Bull. Biol. 18: 1-76. (8) 
Marti 1974, Condor 76: 45-61. (9) Gleason and Craig 
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