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Abstract. Geographic variation in body size and reverse size dimorphism (RSD) of the 
Great Homed Owl (Bubo virginianus) was assessed from a suite of 18 variables measured 
on 4 18 specimens. Great Homed Owls varied considerably in size across both geographic 
and subspecific boundaries. In a comparison of regional means, the largest owls were from 
Ontario, the smallest from Texas and California, but strong support for Bergmann’s Rule 
was absent. There was also no obvious relationship between geographic variation in body 
size of Great Homed Owls and the size of typical prey species. Reverse size dimorphism 
(RSD) was virtuallv constant across all reaions. This lack of variation imulies that RSD is 
a species-specific character which does not-covary in a systematic way witkbody size. There 
was more geographic variation in the size of body core variables than there was for skull, 
leg, and wing characters. Great Homed Owls from southern localities had relatively small 
body cores providing weak support for Allen’s Rule. 

Average body sizes and levels of RSD were calculated for seven subspecies (virginianus, 
occidentalis, wapacuthu [subarcticus], pallescens, pacificus, saturatus, and lagophonus). The 
largest subspecies is occidentalis, which is widely distributed in the mid-western and western 
U.S. The smallest is pacifrcus, which is restricted to California. Significant size differences 
were found between subspecies even where their ranges overlapped. This suggests either 
that gene flow across subspecific boundaries is restricted or that strong selection maintains 
the size differences. An evaluation of the genetic differences among subspecies is needed to 
assess the significance of racial variation in this species. 

Key words: Great Horned Owl; Bubo virginianus; morphometrics; reverse size dimor- 
phism. 

INTRODUCTION 

Variation among raptors in the degree of reverse 
size dimorphism (RSD) has prompted numerous 
hypotheses accounting for large females and small 
males in hawks and owls (e.g., Earhart and John- 
son 1970, Mueller and Meyer 1984, Mueller 1986, 
McGillivray 1987). I have argued that many 
samples used in multi-species comparisons are 
not large enough to define species-specific levels 
of RSD (McGillivray 1987). Other workers (Ear- 
hart and Johnson 1970) have demonstrated sub- 
specific variation in RSD for external characters 
of Great Homed (Bubo virginianus) and Screech 
(Ohs asio) owls. If intraspecific variation in RSD 
is widespread in raptors and large enough to mask 
interspecific differences then the conclusions from 
multi-species comparisons may need reassess- 
ment. 

The numerical analysis of RSD has depended 
on quantifying behavioral and ecological traits 

I Received 14 November 1988. Final acceptance 12 
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of species and examining the correlation of these 
traits with the degree of RSD (Mueller and Meyer 
1984, Mueller 1986). The advantage of an intra- 
specific comparison, particularly for behavioral 
traits, is that the list of factors possibly contrib- 
uting to RSD variation within a species should 
be smaller than one needed to account for RSD 
differences in distantly related taxa. Therefore, 
in a study of intraspecific variation of RSD it 
may be possible to assess the relationship of eco- 
logical variation to size. 

To date, there have been no quantitative stud- 
ies of geographic variation in the Great Homed 
Owl in North America, and skeletal data have 
been used in few studies of geographic variation, 
all on passerines (Zink and Remsen 1986). This 
paper presents the first examination of variation 
in size, shape, and RSD of Great Homed Owls 
in North America, north of Mexico and adds to 
the short list of species for which this has been 
assessed using skeletal data. 

Despite extensive polytypy in the Great Homed 
Owl (AOU 1957), my first approach was to as- 
sume that morphometric variation in the species 
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was primarily geographic in origin. This was sug- 
gested in part by the ecogeographic trends in body 
size variation found for several North American 
passerines (Power 1969, James 1970, Johnston 
and Selander 197 1, Murphy 198 5) and the weak 
overall support shown for Bergmann’s Rule in 
other studies of geographic variation in birds 
(Zink and Remsen 1986). As well, in an earlier 
analysis of Great Horned Owls in Alberta 
(McGillivray 1985) I found numerous interme- 
diates between the two or three subspecies pre- 
sumed to occur in the province (AOU 1957, 
Godfrey 1986). My assumption was that racial 
differences among Great Horned Owls were by- 
products of geographic variation, and where sub- 
species overlapped, these differences would dis- 
appear. Therefore, the initial analyses excluded 
racial differences as a factor contributing to mor- 
phological variation. In several museum collec- 
tions throughout North America, however, many 
skeletons of Great Horned Owls have been clas- 
sified into subspecies. Accepting these identifi- 
cations as sound, I used these specimens in a 
quantitative examination of subspecific varia- 
tion in size and RSD. 

METHODS 

DATA COLLECTION 

A suite of 18 measurements was taken on skel- 
etons of 4 18 Great Homed Owls from museum 
collections across North America. A description 
of the measurements is given in McGillivray 
(1985). All measurements were taken with digital 
calipers, and except for widths of the skull, ster- 
num, synsacrum, and tarsometatarsus describe 
lengths of bones or bone complexes. Because some 
skeletons had been prepared with the rham- 
photheca removed and others with it attached, 
composite measures for skull length and man- 
dible length were used (see McGillivray 1985, 
McGillivray and Johnston 1987). Great Homed 
Owls are nonmigratory but do wander (Houston 
1978). The majority of skeletal specimens of this 
species in North American museums was ac- 
quired outside of the breeding season. Some of 
the birds I measured undoubtedly were not res- 
ident in the region from which they were col- 
lected. From a statistical standpoint, this should 
increase variances about regional means making 
differences among regions harder to detect. Over- 
all this indicates that the assessment ofgeograph- 
ic variation presented here is likely to be con- 
servative. 

DATA CORRECTION 

Studies of birds based on skeleton collections in 
museums are often limited by the quantity and 
quality of specimens. Two common problems 
that reduce sample sizes are: (a) specimens with 
missing or broken elements; and (b) specimens 
which are either unsexed or wrongly sexed. For 
missing elements, estimated measures were sub- 
stituted if a multiple regression using two char- 
acters could predict known values for the vari- 
able with an R2 higher than 0.80. When sample 
sizes are small, one observation which is mis- 
sexed (i.e., an outlier) can change the assessment 
of size for that sex or the estimate of sexual size 
dimorphism for the sample. All options for deal- 
ing with outliers have the potential to contribute 
error to the study. Arbitrarily changing the sex, 
or deleting the observation, cleanup the data set 
but may result in the loss of a significant speci- 
men from the analysis. By contrast, retaining an 
observation that appears to contradict relation- 
ships found elsewhere can incorrectly modify 
conclusions. 

In this study, Discriminant Function Analyses 
(SAS Institute 1985) were used to optimally sep- 
arate males from females. Potentially missexed 
specimens were evaluated on the discriminant 
axes. If the probability of a misclassification ex- 
ceeded 95%, the sex of the specimen was changed. 
Similarly, unsexed specimens were sexed if the 
probability of correctly classifying them to either 
male or female exceeded 95%. 

DATA ANALYSIS 

As specimens were obtained from museums and 
not actively collected, samples do not represent 
specific localities. Therefore, to examine geo- 
graphic variation, it was necessary to group spec- 
imens somewhat arbitrarily. Initially, specimens 
were grouped regionally with consideration given 
to ensuring an adequate sample size for each re- 
gion. Groups generated this way were: (1) Al- 
berta; (2) Ontario + Quebec + New York + 
Ohio + Pennsylvania; (3) Michigan + Wisconsin 
+ Minnesota; (4) Kansas; (5) Florida; (6) Texas 
+ Oklahoma + Arizona; and (7) California + 
Oregon + Washington + British Columbia. For 
specimens identified to the subspecific level, a 
second analysis was conducted using subspecies 
as groups. 

The estimate of overall size used was the sum 
of all skeletal measures. A detailed rationale for 
this approach is in McGillivray and Johnston 
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TABLE 1. Size (X + SE) of male and female Great Homed Owls grouped by region. Size is defined as the sum 
of all variables. Sample sizes are in parentheses below each mean. The t-statistic indicates the difference between 
male and female mean size. Scheffe’s a posteriori means test was used to compare regional means within each 
sex. Means not significantly different are connected by solid vertical lines. 

Region Male Female t P 

Ontario’ 

Michigan* 

Kansas 

Florida 

Alberta 

Texas’ 

California4 

1,087.17 Z+ 4.80 
(15) 

1,071.41 * 5.40 
(16) 

1,070.21 ? 3.21 
(35) 

1,069.36 ? 9.20 
(6) 

1,054.78 & 2.48 
(53) 

1,017.74 !Z 9.22 
(15) 

1,020.78 -I 6.56 
(21) 

1,125.88 + 5.12 4.82 0.000 1 
(29) 

1,123.29 -t 6.57 5.71 0.000 1 
(23) 

1,123.98 ? 3.23 11.75 0.000 1 
(39) 

1,117.30 * 8.76 3.57 0.0030 
(10) 

1,106.20 ? 2.15 15.46 0.000 1 
(79) 

1,069.44 f 10.10 3.77 0.0008 
(16) 

1,072.05 ? 6.97 5.32 0.0001 
(23) 

I Specimens from Ontario, Quebec, New York, Ohio, and Pennsylvania. 
2 Specimens from Michigan, Wisconsin, and Minnesota. 
1 Specimens from Texas, Oklahoma, and Arizona. 
4 Specimens from California, Oregon, Washington, and British Columbia. 

(1987) and the relationship of this estimate to 
ones obtained through principal components 
analysis are explored in McGillivray (1985). Sex- 
ual size dimorphism is defined as the difference 
between male and female scores on this axis. All 
multivariate analyses were run using the SAS 
statistical programs (SAS Institute 1985). 

RESULTS 

The largest Great Horned Owls in this study were 
from the Ontario region. They were followed 
closely by those from the Michigan region, Kan- 
sas, and Florida (Table 1). The smallest owls 
were from the Texas and California regions. There 
was no obvious relationship between locality and 
size that was consistent with Bergmann’s eco- 
geographic rule (see James 1970). Florida Great 
Homed Owls were not significantly different in 
size from those in Kansas or Ontario (Table 1). 
Male Great Homed Owls in Ontario averaged 
6.8% larger than those from Texas whereas fe- 
males were only 5.3% larger. These percentages 
were slightly greater than the average difference 
in size between males and females (RSD) (Table 
2), which varied little among regions except for 
a reduction in Ontario. The mean level of RSD 
in each region was not correlated with the av- 
erage size of owls in that region (r = -0.51, n = 
7, ns). 

Variation in size of different skeletal compo- 

nents was not uniform. There was more geo- 
graphic variation in the size of body core vari- 
ables than there was for skull, leg, and wing 
characters (Figs. lA, 1B). In four of the six two- 
way comparisons for males and females, the coef- 
ficient of variation computed from regional means 
for body core characters was significantly larger 
than those for skull, leg, and wing characters (F 
> 4.30, df = 6, 6-using McKay’s [1932] ap- 
proximation to an F-distribution given in Miller 
and Kahn [ 1962, 1241). A smaller body core as 
an indication of small overall size might be ex- 
pected in warmer areas (Gould and Johnston 
1972); but if climate modifies body size in Great 
Homed Owls then Florida owls should not be as 
large as those from Alberta (Table 1). 

The geographic variation in body core size 

TABLE 2. Absolute reverse size dimorphism (RSD) 
and RSD as a percentage of male size in Great Homed 
Owls grouped by region. 

Re!gi0n RSD-absolute RSD-% of male size 

Ontario 38.71 3.6 
Michigan 51.88 4.8 
Kansas 53.77 5.0 
Florida 47.94 4.5 
Alberta 51.42 4.9 
Texas 52.03 5.1 
California 51.27 5.0 
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FIGURE 1. Geographic variation in sizes of skeletal complexes for (A) male and (B) female Great Homed 
Owls. Data are presented as deviation scores-mean locality values minus grand means to facilitate comparisons 
among curves on the same scale. 
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prompted a look at relative dimensions in body 
parts. If Allen’s Rule applies, small body cores 
relative to overall size would be expected in owls 
living in warm climates, large body cores relative 
to overall size would be expected in owls from 
northern localities. Table 3 indicates that owls 
from northern regions show relatively large body 
cores. Because of its continental climate, partic- 
ularly in the west, I consider Kansas to be a 
northern locality. The lack of statistical differ- 
ences between Florida owls and those from the 
north, particularly for the sample of males, reflect 
in part, the small sample size from Florida. 

Rough distributions of the subspecies of Great 
Homed Owls in North America (for which good 
samples of skeletons exist) show some corre- 
spondence with the geographic regions used ear- 
lier (Fig. 2). Where two subspecies occur in the 
same region, size variation between subspecies 
is evident (e.g., paczjiis and saturutus in the Cal- 
ifornia region and virginianus and occidentalis in 
Kansas, Table 4). Surprisingly, the largest sub- 
species is occidentalis, which is found in the mid- 
western U.S. The owls identified as wupacuthul 
subarcticus are all birds from Alberta. When ac- 
quired, these birds were not identified to sub- 
species but are likely to be wupacuthu (AOU 1957) 
which Godfrey (1986) considers equivalent to 
subarcticus. The subspecies occidentalis is not in 
Alberta according to Godfrey (1986) in contrast 
to the distribution given in the 1957 AOU check- 
list. 

The size differences between occidentalis and 
virginianus in Kansas are examined in Table 5. 
All of the occidentalis specimens were collected 
in Meade County in southwestern Kansas. While 
the majority (64%) of the virginianus were col- 
lected in Douglas and Jefferson counties in the 
northeastern part of the state, 20 (36%) were tak- 
en from Meade County. 

The degree of RSD varies among subspecies 
(Table 6) but shows no relationship with size. 
Consistently, the average level of RSD is near 
5%. 

DISCUSSION 

GEOGRAPHIC VARIATION 

There is a suggestion in the data presented here 
(Table l), that in eastern North America, larger 
Great Homed Owls are associated with higher 
latitudes. In general, however, there is no support 
for Bergmann’s Rule in these data. Great Homed 
Owls in Kansas are larger than those in Alberta. 

TABLE 3. An ANOVA and Scheffe’s a posteriori 
means test on the differences among regions in relative 
size of body core variations. Relative size is assessed 
as the natural log of the sum of body core variables 
divided by the sum of all variables (size). Owls from 
Kansas, Ontario, Michigan, and Alberta show larger 
body cores relative to body size than birds from Cal- 
ifornia and Texas. Florida owls are intermediate. 

Males 
ANOVA F = 19.67 

R&Xl 

Kansas 

ln(body 
core/size) 

-1.2651 
P < 0.0001 Ontario -1.265 

Michigan -1.273 
Alberta -1.273 
Florida -1.293 
California - 1.300 
Texas -1.301 

Females 
ANOVA F = 20.89 

P < 0.0001 
Michigan 
Kansas 

-1.248 
-1.251 

Ontario -1.253 
Alberta -1.260 
Florida -1.2651 
Texas -1.281 
California - 1.291 

There is little difference in the average size of the 
birds found from Minnesota south to Florida. It 
has long been known that Great Homed Owls 
in western Texas and coastal California are small 
(Ridgway 19 14, Earhart and Johnson 1970). I 
assumed initially that the small size of Great 
Homed Owls in these areas might reflect a ther- 
moregulatory adaptation promoting more effec- 
tive cooling. Given the large size of virginianus 
in Florida, however, this assumption is difficult 
to support. Studies of variation in Great Homed 
Owls in Central America and Mexico (Webster 
and Orr 195 8) and South America (Traylor 195 8) 
do not indicate a clinal relationship ofwing length 
(as an index of size) with latitude. The average 
wing length (WL) ofB. v. nacurutu which is found 
in the tropical lowlands of northern South Amer- 
ica is as large as that of B. v. virginianus from 
eastern North America (nacurutu: males, WL = 
341.4 mm, n = 15; females, WL = 363.1 mm, 
n = 2 1, Traylor [ 19581; virginianus: males, WL 
= 339.0 mm, n = 12; females, WL = 362.3 mm, 
n = 15, Earhart and Johnson [ 19701). 

Geist (1987) recently asserted that Bergmann’s 
Rule has no basis in fact. He showed that the 
relationship of body size of ungulates and wolves 
with latitude in North America is not linear but 



782 W. BRUCE McGILLIVRAY 

Ezl wapacuthu 

q  1: 1: : pallescens 
. . N 

rzl 
i IO virginianus 

E3 
::“.I: saturatus * L 

. . . . . . . tl iff;.tfy$ pacificus 
. . . . . . . . 

000 l-l ,” ,” ,y occidentalis 
- 

FIGURE 2. Distribution of seven subspecies of Great Homed Owl in North America. These seven subspecies 
are those with good skeletal representation in North American museums. Data for this map were obtained from 
Peters ( 1940), AOU ( 1957) check-list, Karalus and Eckert ( 1974), and Oberholser (1974). 
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TABLE 4. Size (X +- SE) of male and female Great Homed Owls grouped by subspecies. Sample sizes are in 
parentheses below each mean. The t-statistic indicates the difference between male and female mean size. 

Subspecies 

occidentalis 

virginianus 

wapacuthulsubarcticus 

lagophonus 

saturatus 

pallescens 

pacificus 

Male Female I P 

1,086.33 + 4.61 1,136.99 k 8.39 5.29 0.0008 
(8) (6) 

1,071.57 * 2.86 1,122.71 ? 3.00 12.32 0.000 1 
(47) (62) 

1,054.78 k 2.48 1,106.20 k 2.15 15.63 0.000 1 
(53) (79) 
- 1,092.OO 2 4.61 - - 

(5) 
1,041.Ol + 8.42 1,082.85 2 9.45 3.30 0.004 

(8) (10) 
1,022.15 + 8.65 1,077.29 k 10.30 4.09 0.0003 

(17) (18) 
1,007.52 k 8.12 1,056.99 k 10.43 3.74 0.00 1 

(12) (11) 

follows a curve with the largest individuals found 
at intermediate latitudes. Above 60”N latitude, 
average body size of these large mammals de- 
creases. Studies of geographic variation in birds 
rarely include specimens from localities north of 
60” latitude (Zink and Remsen 1986) hence the 
apparent support for Bergmann’s Rule indicated 
by avian studies needs rethinking. The data pre- 
sented here are all from specimens acquired south 
of 6O”N latitude but no general relationship be- 
tween overall body size and latitude is apparent. 

There is an indication from analysis of relative 
dimensions that body core measurements are 
larger in northern owls (Table 3). In morpho- 
metric studies of House Sparrows (Passer do- 
mesticus) and Red-winged Blackbirds (Agelaius 
phoeniceus) summarized in Gould and Johnston 
(1972) large body cores relative to extremities 
are typical of birds breeding at high latitudes. 
Because of their large size and extensive insu- 
lation, Great Horned Owls probably suffer heat 
stress more frequently than cold stress (Wijnandts 
1984). Especially in Texas and Florida, small 
body cores relative to extremities may be im- 
portant to allow more efficient cooling. 

DIET 

Ifbroad patterns of geographic variation in Great 
Homed Owls cannot be linked to climate then 
other factors such as diet or subspecific variation 
need to be considered. A relationship between 
raptor size and average prey size has been pro- 
posed in a number of studies of RSD (Storer 
1966, Reynolds 1972). From analyses of pellet 
contents across North America, a significant 
fraction of the Great Homed Owl diet is com- 
posed of rabbits (Sylvilagus spp.) or hares (Lepus 
spp.; e.g., Errington et al. 1940, Fitch 1947, 
Korschgen and Stuart 1972, Marti 1974, Adam- 
cik et al. 1978). There are four cottontail species 
that are widely distributed in North America- 
floridanus in the east, nuttallii in the northwest, 
audubonii in the southwest, and bachmani in 
California. In size, the species are orderedjlor- 
idanus > audubonii > nuttallii > bachmani (Hall 
1981). If Great Homed Owl size was related to 

TABLE 6. Absolute reversed size dimorphism (RSD) 
and RSD as a percentage of male size for Great Homed 
Owls grouped by subspecies. The specimens listed as 
wapacuthu/subarcticus represent birds from Alberta. 

TABLE 5. Size variation between virginianus and oc- 
cidentalis subspecies of Great Homed Owls in Kansas. 

virginianus occidentalis f P 

Males 1,066.26 1,086.33 2.84 0.01 
(25) (8) 

Females 1,121.86 1,136.99 1.76 0.10 
(30) (6) 

Subspecies 

occidentalis 
virginianus 
saturatus 
pallescens 
pa&us 

lagophonus wapacuthulsubarcticu 

RSD-% of 
RSD--absolute male size 

50.7 4.7 
51.1 4.8 
41.8 4.0 
55.1 5.4 
49.5 4.9 

- - 51.4 4.8 
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Sylvilagus size then eastern owls would be the 
largest, California the smallest, and those in the 
plains would be intermediate. While this is ba- 
sically true, the diet relationship breaks down 
under scrutiny. In central Alberta, snowshoe hares 
(L. americanus, with an average weight 30% 
greater than S.floridanus, Hall 198 1) constituted 
up to 81% of the diet of Great Homed Owls, 
which on average are smaller than owls in the 
east (Adamcik et al. 1978). In southern Alberta, 
the large white-tailed jackrabbit (L. townsendii) 
and the relatively small S. nuttallii contribute 
equally to Great Homed Owl diets (H. Smith, 
unpubl. data). 

Breeding studies show that productivity of 
Great Homed Owls in Alberta and Saskatchewan 
is directly linked to snowshoe hare abundance 
(Houston 1975, Adamcik et al. 1978). While a 
relationship between hare size and owl size might 
be expected in Alberta and Saskatchewan, it may 
also be true that selection for optimal size is 
strongest in years when hares are absent and the 
owls survive on much smaller prey. Fitch (1947) 
showed that the relatively large S. audubonii not 
S. bachmani represented 6 1% of the diet of the 
small B. v. pactjicus in California. In Wyoming 
(Marti 1974) species of Peromyscus, Microtus, 
and Thomomys contributed 64% to owl diets 
with Sylvilagus providing only lo-15%. Long- 
term studies by Korschgen and Stuart (1972) for 
Missouri and Adamcik et al. (1978) for Alberta 
show great interyear variation in Great Homed 
Owl diet. With this variability, a clear link be- 
tween food and body size would be difficult to 
demonstrate. 

SUBSPECIFIC VARIATION 

The data presented in Tables 4 and 5 indicate 
that subspecific differences in size persist even 
though subspecies are not necessarily separated 
geographically. In an analysis of RSD in Great 
Homed Owls based on weight and wing length, 
Earhart and Johnson (1970) found a positive re- 
lationship between subspecies size and RSD. No 
such relationship was noted here. The subspecies 
with the highest RSD has one of the smallest 
body sizes (pallescens) and variation among the 
other subspecies is slight. 

Based on skeletal measures, the ordering of 
subspecies from largest to smallest is occidentalis 
> virginianus > wapacuthulsubarcticus > la- 
gophonus > saturatus > pallescens > pact&us. 
This ordering is not consistent with two others 

based on wing length and weight-that given by 
Ridgway (19 14) wapacuthu/subarcticus = lago- 
phonus > occidentalis > saturatus > virginianus 
> pallescens > pact&s and one derived from 
Karalus and Eckert (1973) saturatus > lago- 
phonus > occidentalis > virginianus = pallescens 
> pactjicus; (wapacuthu and subarcticus were not 
included). McGillivray (1985) found that weight 
and feather measurements of Great Homed Owls 
were highly variable and not good measures of 
size. The skeletal data presented here, though 
limited by small samples of some subspecies, 
probably provides a truer reflection of relative 
size of the subspecies than external measures. 

Barrowclough and Coats (1985) derived esti- 
mates for the root-mean-square dispersal dis- 
tance (u, the standard deviation of juvenile dis- 
persal distances about their nest site) and the 
effective population number per neighborhood 
(Ne, the estimated size of the population within 
a circle of radius 2g) for six species of owls. Using 
the band recovery data from Houston (1978) they 
estimated u to be 216.35 km and Ne to be 
66,396.75 individuals for Great Homed Owls. 
These values are an order of magnitude larger 
than those for the other five owl species and if 
typical of other Great Homed Owl populations, 
would preclude the maintenance of consistent 
subspecific or geographic differences. Barrow- 
clough and Coats (1985) assumed that all recov- 
eries made of birds greater than 1 year old rep- 
resented potential breeders, but the age of first 
breeding is not well established (C. S. Houston, 
pers. comm.). If most l-year-old owls are not 
breeders and if some long-distance recoveries re- 
flect seasonal rather than dispersal movements 
(Houston 1978) then the values of both (r and 
Ne will be much smaller than estimated by Bar- 
rowclough and Coats (1985). 

CONCLUSIONS 

Great Homed Owls show considerable variation 
in size across both geographic and subspecific 
boundaries. Latitude and presumably climate do 
not correlate consistently with body size except 
to select for relatively smaller body cores in warm 
climates. Despite this regional size variation, RSD 
in the Great Homed Owl based on overall size 
shows little variation across North America. This 
suggests that RSD is a species-specific character 
rather than a variable modified by environmen- 
tal or ecological factors. If so, then studies aimed 
at resolving the origin of RSD in raptors should 
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focus on behavioral interactions between mem- 
bers of a pair which may be species-specific rath- 
er than exploring a multitude of ecological factors 
for their effects. 

Based on examination of Great Homed Owl 
skins in Alberta, my initial impression was to 
reject subspecific variation in Great Homed Owls 
as being meaningful. Even Ridgway (19 14, p. 
737) admitted that the naming of so many sub- 
species of Great Homed Owl was just for con- 
venience. The differences in size among subspe- 
cies which appears to be maintained despite 
geographic overlap suggests otherwise; and in- 
dicates either intraspecific segregation of gene 
pools or strong selection maintaining the differ- 
ences. I am not aware of any protein electropho- 
retie or mitochondrial DNA analyses using rap- 
tors. The taxonomic question suggested by the 
morphological differences among subspecies will 
not be resolved entirely by examination of plum- 
age but should be addressed with biochemical 
techniques. The extensive distribution and ap- 
parent differentiation in populations of the Great 
Horned Owl make it ideal for an examination of 
the genetic structure of a bird species. 

ACKNOWLEDGMENTS 

This study was made possible only because many mu- 
seum curators allowed me to measure Great Horned 
Owl skeletons in their collections or were kind enough 
to ship specimens to me for study. I would like to thank: 
David Boag (University of Alberta, Museum of Zo- 
ology), Jim Dick (Royal Ontario Museum), Hem-i 
Ouellet (National Museum of Natural Sciences). Wayne 
Campbell (Royal British Columbia Museum), Ned 
Johnson (Museum of Vertebrate Zoology, Berkeley), 
Sievert Rohwer (Thomas Burke Memorial Washington 
State Museum),‘Luis Baptista (California Academy of 
Sciences), Marion Jenkinson (Museum of Natural His- 
tory, University of Kansas), Robert Payne (Museum 
of Zoology, University of Michigan), Elizabeth Pillaert 
(Zoological Museum, University of Wisconsin), Dick 
Zusi (U.S. National Museum), Pierce Brodkorb, Diana 
Matthiessen, John W. Hardy (The Florida State Mu- 
seum), Walter Dalquest (Midwestern State University), 
A. Harris (University of Texas, El Paso), and Richard 
Hutto (Zoology Museum, University of Montana). 

Ross Hastings prepared Figure 1 and Carolyn Lil- 
gaert prepared Figure 2. The comments by Richard 
Clark, Ross Hastings, Paul Kerlinger, and Hugh Smith 
on earlier drafts of the manuscript greatly improved 
the paper. Many thanks to Colleen Steinhilber for her 
typing. 

LITERATURE CITED 

ADAMCIK, R. S., A. W. TODD, AND L. B. KEITH. 1978. 
Demographic and dietary responses of Great 

Homed Owls during a Snowshoe Hare cycle. Can. 
Field-Nat. 92: 156-l 66. 

AMERICAN ORNITHOLOOISTS’ UNION. 19 5 7. Check- 
list of North American birds. 5th ed. American 
Ornithologists’ Union, Baltimore, MD. 

BARROWCL~UGH. G. F.. AND S. L. COATS. 1985. The 
demography and population genetics of owls, with 
special reference to the conservation of the Spotted 
Owl (Strix occidentalis), p. 74-85. In R. J. Gu- 
tierrez and A. B. Carey [eds.], Ecology and man- 
agement of the Spotted Owl in the Pacific North- 
west. Gen. Tech. Reu. PNW-185 USDA. Forest 
Service, Pacific Northwest Forest and Range Ex- 
periment Station, Portland, OR. 

EARHART, C. M., AND N. K. JOHNSON. 1970. Size 
dimorphism and food habits of North American 
owls. Condor 72125 l-264. 

ERRINGTON, P. L., F. HAMERSTROM, AND F. N. HA- 
MERSTROM. 1940. The Great Homed Owl and 
its prey in the north-central U.S. Iowa State Col- 
lege of Agriculture and Mechanic Arts. Res. Bull. ^__ 
LII. 

FITCH, H. S. 1947. Predation by owls in the Sierran 
foothills of California. Condor 49: 137-l 5 1. 

GEIST, V. 1987. Bergmann’s rule is invalid. Can. J. 
Zool. 65:1035-1038. 

GODFREY, W. E. 1986. The birds of Canada. Revised 
ed. National Museum of Canada. 

GOULD, S. J., AND R. F. JOHNSTON. 1972. Geographic 
variation. Annu. Rev. Ecol. Syst. 3:457-498. 

HALL, E. R. 198 1. The mammals of North America. 
2nd ed. Vol. 1. John Wiley and Sons, New York. 

HOUSTON, C. S. 1975. Reproductive performance of 
Great Horned Owls in Saskatchewan. Bird-Band- 
ing 46:302-304. 

HOUSTON, C. S. 1978. Recoveries of Saskatchewan 
banded Great Homed Owls. Can. Field-Nat. 92: 
61-66. 

JAMES, F. C. 1970. Geographic size variation in birds 
and its relation to climate. Ecology 5 1:365-390. 

JOHNSTON, R. F., AND R. K. SELANDER. 197 1. Evo- 
lution in the house sparrow. II. Adaptive differ- 
entiation in North American populations. Evo- 
lution 25:1-28. 

KARALUS, K. E., AND A. W. ECKERT. 1974. The owls 
of North America. Doubleday and Co., New York. 

KORSCHGEN, L. J., AND H. B. STUART. 1972. Twenty 
years of avian predator-small mammal relation- 
ships in Missouri. J. Wildl. Manage. 36:269-282. 

MARTI, C. D. 1974. Feeding ecology of four sym- 
patric owls. Condor 76:45-6 1. 

MCGILLIVRAY, W. B. 1985. Size, sexual size dimor- 
phism and their measurement in Great Homed 
Owls in Alberta. Can. J. Zool. 63:2364-2372. 

MCGILLIVRAY, W. B. 1987. Reverse sizedimorphism 
in 10 species of northern owls, p. 59-66. In R. W. 
Nero, R. S. Clark, R. J. Knapton, and R. H. Hamre 
[eds.], Biology and conservation of northern forest 
owls. Gen. Tech. Rep. Rm-142. USDA, Forest 
Service, Rocky Mountain Forest and Range Ex- 
periment Station. 

MCGILLIVRAY, W. B., AND R. F. JOHNSTON. 1987. 
Differences in sexual size dimorphism and body 
proportions between adult and subadult House 
Sparrows in North America. Auk 104:68 l-687. 



786 W. BRUCE McGILLIVRAY 

MCKAY, A. T. 1932. Distribution of the coefficient 
of variation and the extended “t” distribution. J. 
R. Stat. Sot. 95695. 

MILLER, R. L., AND J. S. KAHN. 1962. Statistical anal- 
ysis in the geological sciences. John Wiley and 
Sons, New York. 

MUELLER, H. C. 1986. The evolution of reversed sex- 
ual dimorphism in owls: an empirical analysis of 
possible selective factors. Wilson Bull. 98:387406. 

MUELLER, H. C., AND K. MEYER. 1984. The evolution 
of reversed sexual dimorphism in size: a compar- 
ative analysis of the Falconiformes of the western 
Palearctic, p. 65-10 1. In R. F. Johnston [ed.], Cur- 
rent omitholoav. Vol. 2. Plenum Press. New York. 

MURPHY, E. C. 1785. Bergmann’s rule,‘seasonality 
and geographic variation in body size of House 
Sparrows. Evolution 39: 1327-l 334. 

OBERHOLSER, H. C. 1974. The bird life of Texas. Vol. 
1. Univ. of Texas Press, Austin. 

PETERS. J. L. 1940. Check-list of birds of the world. 
Vol. 4. Harvard Univ. Press, Cambridge, MA. 

POWER, D. J. 1969. Evolutionary implications of wing 
and size variation in the red-winged blackbird in 
relation to geographic and climatic factors: a mul- 
tiple regression analysis. Syst. Zool. 18:363-373. 

REYNOLDS, R. T. 1972. Sexual dimorphism in accip- 
iter hawks: a new hypothesis. Condor 74: 19 l-197. 

RIDGWAY. R. 19 14. The birds of north and middle 
America. Vol. VI. Bull. U.S. Natl. Mus. Wash- 
ington, DC. 

SAS INSTITUTE. 1985. SAS user’s guide: statistics. 
Version 5. SAS Institute, Cary, NC. 

STORER, R. W. 1966. Sexual dimorphism and food 
habits in three North American accipiters. Auk 
83:423436. 

TRAYLOR, M. A. 1958. Variation in South American 
Great Homed Owls. Auk 75:143-149. 

WEBSTER, J. D., AND R. T. Oaa. 1958. Variation in 
the Great Homed Owls of Middle America. Auk 
75:134-142. 

WIJNANDTS, H. 1984. Ecological energetics of the 
Long-eared Owl (Asio otus). Ardea 72: l-92. 

ZINK, R. M., AND J. V. REMSEN, JR. 1986. Evolu- 
tionary process and patterns of geographic varia- 
tion in birds, p. l-69. In R. F. Johnston [ed.], 
Current ornithology. Vol. 4. Plenum Press, New 
York. 


