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HOME RANGE SIZE OF THE NORTHERN BARRED OWL’
AND NORTHERN SPOTTED OWL IN WESTERN WASHINGTON
by '
Thomas E, Hamer

ABSTRACT - The morphology, density, home range size and home

range wutilization of a population of northern barred owls (Strix

varia) and northern spotted owls. (Strix occidentalis caurina)
were studied in northwest Washingfon. |
Spotted owls are 17.9% lighter in weight, have a slightly
smaller body size, similar wing loading, and a much larger foot
spread.than barred 6wls. Mean nearest neiéhbor distaﬁce fo;
barred owis was 3.17 km (range=l.§—5;4;N=16) while spot;ed'OWIs
were 2.3 timeé more distant at 7.3 km (range=3.6~11,2, N=6). The
difference in these distances is reflected in the population
deqsities of the two species with bapfed owls being 2.1 timeg'
more numerous than spotted owls in the study area. |
Using the minihum convex polygon method, mean barred owl
summer home ranges were 321;5 ha (range=145-506, S.D.=139.3, N=8)
. while ﬁean spotted owl summer home ranges were not significantly
different at 321.2 ha (range=73-862, S.D.=371.3, N=4). Breeding
barred owls had significantly smaller homé ranges than non-
breeding birds. The average annual spotted owl home range
(mean=2,816 ha, range=1,200-7070, S.D.=2,841, N=4) was 4.4 times
larger than the mean annual barred owl home range (mean=644 ha, .
range=205-1,326, S8,D.=293.5, N=10). Mean annual pair home fanges
of barred owls were 905 ha (range=587-1,477, N=4 pair) while '
spotted owl pairs averaged 4,750 ha (range=2,430-7b70,AN=2pairL
Barred owl pairs showed higher home range overlaps (mean=39%,
range=16-62%) than spotted owl pairs (mean=18%, range=17.l1-

'19.1%), Home ranges of barred and spotted owls in this study

are much larger than those reported by other researchers.
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INTRODUCTION

The northern spotted owl (Strix occidentalis caurina)

inhabits low elevation old-growth forests in the Pacific

Northwest from southern British Columbia through the Cascade
Range in Washington and Oregon, Olympic Peninsula and coastal

mountains of Oregon and California (Fig. 1l). There has been a

significant reduction of low elevation old-growth forest habitat

throughout the northern spotted owl range within the last 80
vears, Recent studies indicate that northern spotted owl

populations in Washington, Oregon and California are declining,

concurrent with the gradual elimination of old-growth coniferous

forest (Forsman et al., 1977; Forsman, 1876; Marcot and Gardetto,
1980).

The spotted owl is State listed as a threatened species in

Oregon and was recently added to the State of Washington

endangered species list. The major reason for listing is concern

for the decline in old growth forests. Only 10% of the original
old-growth forest is estimated to remain in Washington. As a
result, management of the spotted owl has become a concern to
conservation and environmental groups as well as to wildlife

biologists and forest managers.

The Northern Barred owl (Strix wvaria varia) is an inhabitant

of mixed hardwood and conifercus woodlands east of the Rocky

Mountains ranging from the east coast of the United States to the
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Figure 1 . Geographic range overlap of the barred owl and-
spotted owl in the Northwest in 1885. The two
species are now sympatric in British Columbia,
Washington, Oregon and Northern California.
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western Canadian provincesbut more abundant in eastern North
America (Burton, 1973). .Recent records ftom western North
America indicate the barred owl has rapidly expandgd'its range
into the Pacific Northwest during the lasﬁ three decades (Grant,
1966; Hamer and Allen, 1985). The series of maps depictediin
Figure 2 show the brogress of the range expansion in ten vear
.periods beginning with a few records collected prior to 1949
(Hamer and Allen, 1985). The figure illustrates the remarkable
ability of the barred owl to expahd its geographic range oVef
long distances in a relatively short period of time.

The barred owl appears to have taken advantage of extensive
hab}tat alterationé in the northwest and expanded itigﬂ;eographic
range inté these disturbed areas. The problem of range
expansions by non-native species has been clearly»stated by Knopf
(1986) in a paper on changing landscapes. Knopf (1986:137)
writes that "changes 1in 1landscapes are causiné subtle bdt
potentially dramatic changes in the distribution QfAnative
species”., The dispersal corridor depicted in Figqure 2 presumably
has. acted as a filter bridge which has allowed the barred owl to
come in contact with the once geograéhically isolated but closely

related species, the ‘Northern spotted owl (Strix occidentalis .

caurina). Many other examples exist where habitat alterations
created filter bridges allowing one species to come in contact -

with other, once isclated species. Such examples include the -

hybfidization of the blue jay (Cyanocitta cristata) and Stellar's




Figure 2. Range expansion of the northern barred owl in ten year periods
from 1949 to 198S. :
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jay (Cyanocitta stelleri) and the merging of the red-shafted’

flicker and yellow shafted flicker 1into ‘one species (Colaptes
auratus) (Knopf, 1986). |

By 1985, the geographic range of the barred owl almdst
overlapped the entire range of the northern spotted owl, except
in a small portion of northwest California and western Oregon
'(Figure 1} (Allen and Hamer, 1985). These two congeneric species
are now sympatric throughout the Cascade Ranges and Coast Ranges
from Garibaldi Provincial Park, British Columbia, south -to
northern California., Whether these two specieé.can coexist
sympatrically for any length of time is unknown. A large‘overlap
in rhe resource requirements may make coexistence of the two
species uniikely.

No information exists on the home range size, habitat
requirements, food habits, activity patterns or behavior of the
barred owl west of the Rocky Mountains. Three radlo telemetry
studies conducted in the midwest have attempted to estimate the
home range size of barred owls. . Nicholls and Warner (1972), ahd
Fuller (1979), found the average home range size for barred owls
in Minnesota was 273 ha (N=13, range=86.1 to 770 ha) The average
home range size for barred owls in Michigan's upper peninsula was
1282 ha (Elody and Sloan, 1985). One other study estimated the
density of breeding pairs of barred owls in northern New Jersey
using surveying technigques. They found .142 barred owl pairs per

square kilometer (Bosakowski et al., 1987).
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TQo studies in Washington and Oregon have used radio-
telemetry techniques to estimate the home range size of spotted
owls. Forsman et al. (1984) found that an average éair home range
size in Oregon varied from 172 ha to 1154 ha (mean=1177 ha, N=3
pair). B:ewer and Allen (1985) reported an average annual home
range of 3703 ha per pair iﬁ Washington (N=6 pair).
Finally, Allen (1987) later reports that a mean individual
spotted owl home range in Wwashington is 1963 ha (N=18
range=406-7134). All the estimates above are based on the minimum
convex polygon method for calculation of home range size.
The long term goals of the study are to answer some basic
guestions about the biology of the nérthern barred owl and
northérn spotted owl in an area of éympatry and begin to evaluate
the possible‘impact of the barred owl on spotted owl populations,
The objectives for the first year of research were to: |
1) .Document the relative density of barred and spotted owls in
the study area. |

2) Estimate breeding season (March through August) and annual
home range (March through February) sizes for five pairs of
northernbarred owls and two pairs of northern.spotted owls,
and for each individual owl.

3) Compare four different techniques to estimate home-rénge
size. These are the minimum convex polygon, harmonic

mean transformation, Fourier transformation and 95% ellipse.
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‘Information was also'collected'on the habitat use by both
species, activity patterns, territorial behavior and

interspecific interactions which will be reported elsewhere.




'STUDY AREA

The study area is located in Northwest Washington in the
Baker Lake Basin on the west slope of the North Cascadé Mountains’
and comprises an area of 357 square kilometers (138 sq. miles)
(Figure 3). 'Baker Lake lies just south of Mt. Baker, a dormant
volcano, with much of the study area comprisiné the lower
forested slopes of the mountain itself. This area was selectéd
because previous surveys for spotted owls had'beéﬁ conducted
throughout the drainage and thus many locations of both barred
ahd spotted owls were known. All the land is managed by the
tLS.F.S. and is part of the Mt. Baker Ranger District.

Thé study area is part of the North Cascades Physiographic
ProVince described by Franklin and Dyrness (1973). The
tOpography of the area consists of very deep and steep sided
‘valleys of maximum relief. Elevations range from 244n1§n the
valley floor to 3,283 m on the peak of Mt. Baker. Areas above
1;980 m are heavily glaciated and commonly consist of permanent
snow fields. The region is charactéfized by a wet, mild maritime
climate and precipitation is highly variable. The mean anhual
preéipitatidn is 254 cm with most of the moisture fallihg during
the winter in the form of rain. Snow can-accumulate in the valley
floor during some winters but snowpack is highly variable between
years. Summer drought is common with only 6-9 % of the annual
precipitatioh falling during this period. The mean annual

temperature is 10.1 C. Mean July temperature is 17.4 C and the
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Figure 3 . Location of the Mt, Baker study area for barred.
- and spotted owls during 1986 and 1987 in North-
western Washington.
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mean January tempefature is 1.0 C.

The study area is entirely forested except areas that have
been recently clear-cut and those portions over 1,800 m in
eieyation which ére above treeline. Three forest vegetation
zones occur here. The Western Hemlock zone occurs primarily along
the lower reaches of major d;ainages while the Mouhtain-Hemlock
zone occurs above 1000 m in wetter areas. The Silver ﬁir';cne
occurs oh coolér, ﬁid-elevaﬁion Sslopes from 400 m to 900 m in
elévation. Forest stands are of various ages and conditions from
pristine old-growth associations to heavily disturbed Yanger

aged stands that have been high-graded or clear-cut within the

last 60 years. Portions of the study area are highly f:agmented'

due to current forest management practices while other areas

contain large contiguous forest stands.
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METHODS
Location of owls

The U.S. Forest Service, Washington Department of Wildlife,

Biosystems Analysis Incorporated and Puget Power and Light

Company have all conducted nothern spotted owl surveys in

portions of the study area between 1981 and 1984. The Mt. Baker

Ranger District - continued its surveys in 1986 and 1987 as part of

the U.S.F.S. spotied owl monitoring effort being conducted forest

wide. From this information many of the locations of barred owl -

and spotted owl pairs were known. During the spring of 1986 and
1987 I re-surveyed much of the study area to confirm the
locations of these pairs, document the locations of new pairs,
and establish trapping sites. |

Surveys to locate barred and spotted owls were conducted
after dusk from March lst through June 30th. They were
discontinued after June BOth because the responsiveness of the
owls declined. SurQey methods generally follow that-described by
Forsman et al. (1984) with owls.locaﬁed using pre-recorded
vocalizations, portable cassette recorders ahdvmegaphone
speakers. Both spotted owl and barred owl voéalizations were
played back at each station although I found barred owls to be
responsive regardless of the type of call used. |
Calling inventories were conducted by driving along forest roads
and stopping at .4 km (1/4 mile) intervals tocall and listen for

owls. Observers waited for responses for 15-~20 minutes at each
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station. Surveys were also conducted along forest trails and
oveﬁgrown roads by calling every few ﬁinutes as the area was
traversed on foot.

To document the spacing of batfed and spotted owls in tﬁe
study area, mean neérest neighbor‘ distances were calculated'by
measuring the distance between repeated survey locations of owl
pairs and individuals, or by measuring the distance between nest

sites or core areas (for radio-tagged pairs). Core areas were

delineated by the harmonic mean transformation method of home

range estimation using the 25% isopleth. Nest sites were found

by following radio—tagged females back to their nesting cavities.

Radiotelemetry data collection

Several methods were used to capture barred owls and spotted
owls. The most successful'method I used to capture barred owls
was a technique described by Elody (1983). Three 121 mm streﬁéh
nylon mist nets were arranged in a large triangle and supported
by 3 meter long aluminum poles. A live decoy barred owl was
placed on a perch within the nets along with a large megaphone
speaker which was connected to a cassette recorder in a blind
constructed approximately 15 meters‘froh the néts. Observers
kept hidden in the blind and could then play-back various
vocalizations to attract resident owls., Resident owl paifs would
defend their territory by calling and diving at the decoy, thus

getting caught in the nets. 1 found the effectiveness of this
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technique was increased by using ﬁy own recorded vocalizations
of adjacent territorial neighbors or vocalizations of the
;ndividuals I was trying to trap. Barred owls were also
trapped using mist nets with live tethered gerbils placed between
the nets. Once owls were attracted to the. area using recorded
vocalizations their attention was focused on the bait using a
hand held mouse squeaker. Barred owls were originally trapped in
the evening when it was thought birds would respond best, I
eventually found that birds would gespond and could be trapped at
any time of thg day or night.

It sometimes happens that barred 6wls are not in the area
after setting up the trapping eguipment. I have developed a
technique to draw the birds to thé trap site that are beyond the
normal calling distance. I first start a survey effort to
locate the birds in the area. When an owl is located, an attempt
is made to attract a bird to the trap site by calling the bird to
successive stations toward the trapping area, Owls were drawn
more thaﬁ 1/2 mile.by using this technique. The method saved
éonsiderable time since it can take 1 1/2 hours to establish a
trap site.

Spotted owls were captured using mist nets with gerbils as
bait and with the noose pole technigue described by.Forsman
(1976). ; found the noose pole technique inefficient because of
the difficulty in placing a small thin noose around an owls hegd

at distances of 4-6 meters. It was easier to use tree climbing
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spikes and safety belt, ascend a tree adjacent to the rodsting
owl, and then use an extendable aluminum pole with a dip net made
of mist net material to capture the owl. I ‘have been able to
capture owls perched as high as 18 meters with this method.

I recorded information on the capture loccation, date, time,
observer, bird weight (gm), sex, body length {(cm), wing chorgd
" length (cm), wing span {(cm), wing area (sg. cm), . body length
(cm), tail length (em), beak length (em), middle ana hind talon
length (cm), foot spread (cm), bréod patch size, and number of
tail bars on the center, left center and outer left rectrices for
each owl trapped. Wing chord was measured from the alula to the
end of the primaries. Total wing area was measured by tracing
around the outstreched wings, body and tail of captured owls. A
digital planimeter was then used to calculate total wing area.
Body length was measured startingvat top of the head and
extending down to the end of the rectrices. Tail length was
measured from the uropygial gland to the end of the center
rectrices. Beak length measurements included the cere. Foot
spsead was measured from the the end of the hind toe to the end
of the middle front toe. The number of tail bars on each tail
feather was determined by only counting those tail bars that
exfend completely from the vane margin to the rachis at least on
one side of the tail feather (Barrowsvand Bloom, 1982). The sex
of the owls was determined by the pitch of their vocalizations

(females are higher), comparing the weight and size, and by
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checking for the presence of a brood patch. By using this
combination of methods I . felt male and female owls could be
identified without error. Wing loading was calculated for each

owl by dividing the weight of the bird by wing area.

Radio transmitters (AVM Instrument Co., Ltd.) were attached.

with a backpack harness of tubular teflon ribbon described by

Dunstan (1972). Transmitters weighed 18-22 grams (2.7% of mean

body weight for barred owls and 3.2% for spotted owls) with a

battery life expectancy of 12 months. Transmitter frequencies
were in the 164-166 Mhz range.

Radio receiving equipment included a Telonics TR-2 portable

receiver, Telonics H-style hand held Yagi antennae and low.

impedence (4-6 ohm) headphone set. To determine the location of
an owl by triangulation, an observer would get as close to the
"owl as possible to minimize radio-location error. Once an
initial bearing was recorded, the person would move down the road
‘o; trail and obfain two or more additional bearings to allow
plotting of the owls location. The Bearing stations that were
uéed‘were known locations that were easily identifiable on aeriai

photographs. Each 1ocatioh from which a bearing was taken was

marked on the aerial photograph‘(l:24,000 scale) and the radio

frequency recorded. The information for each radio location
includes the observer's name, date, time of day, each degree
bearing, percent c¢loud cover, precipitation, wind speed,

temperature, method of location (visual, triangulation or

T
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aircraft location), and any appropriate notes or comments.
Accuracy codes were recorded depending on whegher the owl was
located visually or by radio signal (Forsman, 1976). Accuracy
codes for.radio locations were those locations accurate to within
1 ha, 2ha, 8ha, or 20 ha. BAccuracy was détermined by examining
the area covered by the error polygon of the triangulation. I
then transferred all relocation points to 4"=1 mile_o:thophotos

and transformed the data into Universal Transvers Mercator  (UTM)

coordinates using a digitizer.

Monitoring procedures

A sampling problem encountered with owls as compared‘tﬁA
purely diurnal raptors is that 6wls may be active during both
diurnal and nocturnal periods and they may have different
biological requirements and behavior in these two time periods.
Therefore, in order to obtain a more accurate picture of total
owl activity, home range size and habitat use, it is necessary to
sample at different times during a 24 hour period. The routine
schedule was to locate radio-tagged owls four times per week.
Two approaches were used to obtain an équal number of roost
(diurnal)} and forage {nocturnal) relocations. If only one pezson‘

was sampling, one week of monitoring was conducted from 9 am to

Spm and the next week of monitoring ran from 6 pm to 2 am. The

schedule was then repeated. When two people were working, one
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wouid be on the night shift and the other on the day shift.
Birds Qere relocated throughout the year until the tranmitters
stopped functioning. I greatly reduced or eliminated biases -in
data collection by randomizing the sequence in which observers
located the owls during each monitoring period. By randdmizing

the location sequence of owls, individual birds were rarely

~relocated less than eight hours apart, even when two pecple were

working different shifts. Relocations that are spaced close
together can lead to autocorreiation.‘The result of this
procedure was the random relocation of individuais during both
nocturnal and diurnal periods, collection of data sets equal in
size for each owl and avoidance of autoéorrelated relocations.
Autocorrelation in radio relocation 2ata sets‘can lead to biased
estimates of home range size and habitat use (Swihart and Slade,
1989). | |

The use of a Cessna 182 aircraft was neccessary to relocate
owls that dispersed into roadless areas or areas with limited
access due to snow conditions. At least one flight per week was

scheduled.

Home range determinations 7
Summer home range sizes (March l-August 30) and annual home
fange sizes were calculated for each individual and pair of owls.
Four methoés were used to calculate summer and annual home ranges

for each owl. The computer program MCPAAL (Stuwe and Blohowiak,
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1985) was used to calculate minimum convex polygons (MCP) (Mohr

~and Stumph, 1966),95% ellipses (Jennrich and Turner, 1969), 95%

harmonic mean contours of utilization distributions (Dixon and
Chapman, 1980) and the Fourier transformation 95% index
(Anderson, 1982). The various estimates pr&duced by these
methods were then compared. Most of the home range estimates
reported here are those using MCP because of its wide use by
other researchers. | |

1 calculated-owl.pair home ranges wusing the minimum convex

polygon method only, sinée it is the easiest method to use and

- most commonly reported. The area was calculated by creating a

composite of the two home ranges on 4"=1 mile orthophoto, and
measuring the total area using a digital planimeter. Pércen£

overlap was calculated by dividing this total area by the area of

overlap. The percent overlap of adjacent territorial barred owls

was calculated in the same manner.

I calculated the mean dates that barred owls and spotted

owls left their core use areas in the fall to start foraging over

larger areas, the mean date they returned to these core areas in

the spring; and the mean date where the annual home range stopped

growing. Cumulative home range graphs showing hdw home range
size grows through time were created for each owl and the mean
date where home range stopped growing derived from these graphs.
The mean dates that owls left and returned to their core use

areas was more subjective, For spotted owls these dates were

S A R NSRS
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faifly clear sincebthe birds wandered over large areas and often
had seperate summer and winter home ranges.v This.caléulation was
more difficult for barred owls since these raptors can be found‘
on their territories all yerr. 1 used the harmonic meah-SO%
isopleth to delineate core use areas and then examined the
relocations through time to determine/the mean dates that owls
left and returned to these cores. The cumula;ive home range
for each individual owl was calcuiatea by repeéﬁeély'estimating
the home range every 5 relocations, throughout the yeah, using
the minimum convex polygqn method. Therefore, I would start by
analyzing the first 5 relocations, then 10, then 15, and so on,
unti} the‘whole sample had been analyzed on a cumulative basis,
All the‘individuals of each species were then averaged Eo obtain,

a comparative cumulative home range graph .

Statistical analysis
Statistical tests were done using the softwaré.prograh NCSS
(Hinfz, 1987) to generate thé descriptive statistics on home.
range size and to run unpaired T-tests to compare various means.

Means with unegqual wvariances were compared using the

nonparametric Mann-Whitney test. Home range estimates were

compared using a paired T-test. All tests were conducted at a

significance level of p < 0.05.
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RESULTS AND DISCUSSION
Morphology
Table 1 shows the mean weights and body measurements of 15§

barred owls and 9 spotted owls trapped during the study. Barred

owls on averade are 17.9% heavier than spotted owls. Male and

female spotted owls are 5-6 centimeters shorter in body length
than male and female barred owls. The wing spans of these two
species are éimiiar Qith sbbtted owis 1-2 cﬁ;shorter. .fail
lengths of spotted owls are 2~3 cm shorter than barred owls. The
sexual dimorphism of both specieé is apparent when comparing the
body weights of the sexes. Barred owl females are 21.8% heavier
than barred owl males and spotted owl females are 22.6% heavier
than spctted owl males. Such reverse sexual dimorphism is common
in raptors. | |
Based on my small sample size, male spotted owls have 2-3
tail bars on the center rectrices while female spotted bwls have
4-6 bars. This ¢oncurs with the findings of Barron and Bloom
(1982). There appears to be no overlap in thé tail barring
pattern of spotted owls which may be used to indicate the sex of
the bird. This sexing technigue is not épplicable in barred owls
since the males have 3-4 bars and females have 3-5 bars. In the
spring, I observed the males and females of both species. to have
a variable sized patch of bare skin on the lower abdomen. This
bare patch could be used to promote heat loss during periods of

high temperatures in the summer. In females, this bare skin also
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Table 1. Mean weights and body measurements of barred and spotted
owls from the Baker Lake Basin.

'5EASUREHENT BARRED MALE  SPOTTED MALE  BARRED FEMALE  SPOTTED FEMALE

N=28 N=24 - N=17 N =35
Weight (g) 663 560 805 ' 687
Body Length (cm) 44,7 39,4 47.4 40.8
Tail Length (cm) 23.6 20.8 25.0 21.5
Wing Chord (cm) 32.7 33.2 35.5 34.0
Wing Span (cm) 44.0 . 43,3 - 47.0 44,7
No. of Tail Bars 3-4 - 2-3 3-5 4=6
Beak Length (em) 4.0 - . 3.9 4.4 4.0
Foot Spread (cm) 5.1 | S.8 5.9 - 6;4
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serves as a brodd pétch. Brood patches on nesting females of
both species were very different from that of non-nesting
females. Nestihg females had réugh, dry, scaley looking skin
that was bright red in appearaﬁce, apparently from incubating
eggs and young. Non-nesting females brood patch areas were
smooth, ﬁnchaffed and were light pink in colof, normal skin color
for the owls., One can thérefore determine whether or not a
female was nesting‘by an exaﬁination 6f the‘brood patch;

Considering size, spotted owls have. a much larger foot
spread (measured from the end of the hind talon to the end of the
center talon) than barred owls; The mean foot spread for a malei
spotted owl is 13§ Iarger than a male barred owl, even though
barred owls are larger and weigh 17.9% more. Mean foot Spreaa'
for a female spotted owl is 8% larger than a female barred owl,
The large foot spread of the spotted owl may be an adaptation for
preying on medium sized arboreal mammals rather than smaller
éertestriai forms.

There is no difference in the winé loading between male
spotted owls and male barred owls or between the females;of each
species (Table 2). Therefore, the wing loading remains constant,
even though there are differences in the body sizes between the
‘males of each species and the females of each species. The
intraspecific differences in the wing loading between the sexes
is dramatic. The females of each species have a wing loading

that is .06 grams/sqg. c¢m heavier than the males. Since wing
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Table 2. -Mean wing loading of male and female barred ahd'spottéd

owls in grams/square centimeter, including the means for
each species,

BARRED MALE BARRED FEMALE SPOTTED MALE SPOTTED FEMALE
N= 4 =5 N=4 N= &
.29 .35 _ .30 .35
Barred owl mean: .32 Spotted owl mean: .32
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loading is a ratio of body weight to wing area we must examine
each of these factors to determine which contributes most to thé
observed difference. The actual wing area differences between
the sexes are small, falling in the 4-6% range.  The weight
differences between the sexes are dramatic and range from 21-23%;
Therefore, differences in the wing loading between the sexes afe
primarily due to body weight differences.

It is surprising that the spotted owl, a specialisﬁ on
arboreal mammals (Forsman, 1980), does’nét have a liéhter wing
loading than the barred owl, which has been reported to prey
p;imarily on small terrestrial mammals (Blakemore, 1940; Cahn and
Kemp, 1930; Korschgen, 1972; Wilson, 1938). A lighter wing
loading in the spotted owl would allow this specialist to 1) be
more maneuverable in dense forest canopies, 2) produce less noise
in flight and 3) transport heavier prey (Norberg, 1987).
Therefore, a lighter wing loading in the spotted owl would
potentially allow this birg to bétter maneuver through a dense
forest canopy after arboreal prey items. '

After capture, barred owls appeared to be more aggressive
than spotted owls when handled. Barred owls would try and
inflict damage with their talons and often tried to bite the
handler. Females with young sometimes let out a high pitched,
piercing scream during capture. Spotted owls appeared to "relax"
immediately upon capture,rrarely tried to bite, and did not

struggle to any great degree. The larger size of the barred owl




aba

50

This may be one reason why spotted owls have a much lower
breeding success than barred owls (see section on reproduction),
since prey densities must reégver in the summer range before
another nesting attempt ¢an be successful. We have also seen that
spotted owllpairs have mﬁch less home range overlap than barred
owl pairs, which could be the result of male and female owls
avoiding foraging in each others use areas due to a scarcity of
prey. Forsman  (1980) found that spotted owl péirs in Oregon
partitioned foraging areas on a spatial and témpéral basis.

MacAurther and Pianka (1966) have shown that specialized

predators should have longer search times when locéting gsuitable

prey items than a generalist predator, although the'pursuit times
would be similar. Since the barred owl can be expected to prey on
a variety of acceptable food items, this owl should have shorter
search times/item caught, but pursuiﬁ times would increase, as a
large variety of new hard-to-catch items are sought. They also

state that predators with specialized habitat preferences (few

habitat patch types) would be expected to have longer traveling

times/prey item caught, since specialists muct travel longer
distances between habitat patches to reach a suitable patch type.
The spotted owl appears to be a habitat specialist requiring old-
growth coniferous forest to survive (Forsman, 1980). Therefore,
one could expect the spotted owl to have larger home range sizes
since it may spend more time searching for suitable prey over a

larger area and spend more time traveling longer distances;
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between'suitable patch types. Schoener (1968) has shown that a
predator whose diet consists of prey categories.different in
frequency from that available in the area should be feeding on
relatively less dense food than a predator who is oppOrtunlstlc
and preying on whatever is available. He found that the home
ranges of most raptors reviewed were larger if the number of
prey per unit area is smalier. The fact that home range size
varieé with food density has been demonstrated in several studies
on birds {(Schoener, 1968). Thereforé, barred owls may be able to
sustéin themselves on much smaller home ranges and have larger
home range overlaps between paired individuals than'spottéd owls
because of differences in diet.

In a discussion of spotted owl home range size, one can not
overlook the fact that large areas of suitable habitat have been
removed and remaining stands of old growth fragmented due to
clear-cut logging practices. These negative effects will act to
reduce prey densities and require owis to travel longer
aistances between suitable patch types. I theorize that spoﬁted'
owl home ranges today are probably larger than they were
historically, but feel home ranges were most likely very large
‘even under hatural conditions. I have monitored owls in
relatively undisturbed areas and still find large home range
sizes for these birds. Present day logging practices are.
- probably iﬁcrgasing the food stress on spotted owls, and

eventually, may act to tip the energy balance against this
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species.

Effect of sampling procedures on home range size

Figure 10 shows the number of days it took to estimate
various percentages of the total home range of an average barred
oﬁl. A total of 320 days (10.6 months) were required to estimate
100% of a barred owl's home range and 285 days uﬁs months) Qere
needed to estimate'QO% of this area. This is the main reason why
I feel the estimates of bafred owl home ranges from three étudies
in the midwest cannot‘be'used with confidence. The average
monitoring time for 13 owls studied by Nicholls and Warner
(1972); and Fuller (1979), was only 114 days (3.8 months), with
most of the mbnitoring conducted in the spring and summer when
owl home ranges are small. Only two owls were monitored during
the winter and only for short periods of time. The two largest
home ranges reported are for birds monitored for the léngest
periods of time. Figure 10 shows my home range estimate at 114
days would be 200 ha (only 30% of total) while they report an
average home range of 273 ha. These estimates are very similar
and demonstrate the danger in estimating home range size with
data sets of short duration. Since barred owl cumulative home

ranges often plateau at different times of the year (Fig.9)

before increasing again, researchers can be deceived into

thinking that they have estimated the total home range in periods

of less than 10.6 months. Elody (1983) reports an average home
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Figure 10.

1
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NUMBER OF DAYS

Percent of mean cumulative home range for 8 barred owls over

a 12 month period. The figure illustrates the number of days
required to estimate total home range size. Home range size

was calculated using the minimum convex polygon method.
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range size of 282 ha for seven radio-tagged barred les but
states that he only collected 270.tota1 usable locations from May
to August, a period of only 4 months. This is a similar to the
home rande estimate found by Nicholls apd Fuller and is once
again probably due to the effect of a short study duration
combined with saﬁpling only during summer periods.

The relocatioh sample size, length of the sampling period,
sampling method, and variation betweén individual owls will all
affect the estimate of total home range size for barred and
spotted o6wls (Fig. 8 and 9).  Collecting relocations for periods
of less than 10.6 months will underestimate barred owl home range
size and periods of less than 12 months will underestimate
spotted owl home range size; Less intensive sampling strategies
will alsé tend to skew cumulative home range graphs into a
concave shape so that home range size is underestimated
throughout the year, possibly never reaching a 100% estimation
‘(Fig. 11 and 12). This problem is true for both barred and
spotted owls and can be seen in Figure 11 for the Diobsud male
barred owl where a less intensive:sampling strategy (one
relocation/week) yielded only 50 relocations throughout a 12

month period. The same relationship can be seen in Figure 12 for

the Diobsud male spotted owl which had a similar sampling regime.

Lafger sampling intervals (smaller sample sizes) will mostklikely
miss locating owls in certain portions of their home ranges

throughout the year, thus underestimating home range size, I
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owl showing how convex polygon size varies with sample size
and season. The monitoring period ran 11 months from
5 June 86 - 27 Apr 87. '
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and season. The monitoring period ran 11 months from
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suspeét that studies examining habitat use would also obtain
biased results if small, less intensive sampling methods are
employed. Since both barred and spotted owls expand their ranges
significantlyvduring the winter, missing any portion of this time
period in a sampling routine will bias resuits. The cumulative
home range graphs for individual owls can be found in the

Appendix.

Home range overlap of adjaéent barred owls
Figure 13 illustrates the amount of home range overlap of
neighboring barred owl individuals in the study area. Mean barred
owl home range overlap is 0.7% (range=0-1.7%, N=6). Barred owls

appeared to rigorously defend their home ranges throughout the

year with little variation in this behavior between individuals.

I have found that even non-breeding resident owls aggressively
defended their home ranges. During the winter, owls made
occasional short excursions into an adjacent individual's home

range, but these were of short duration and seldom occurred. The

small home range size of the barred owl and sedentary nature of

this bird in the winter, enables this owl to actively defend ité
territory throughout the yeér. ANicholls and Fuller (1987) also
report that barred owls maintain nearly exclusive home ranges,
expel intruders and neighbors from théir ranges and vocalize to

advertize the occupancy of their space. They felt that these

behaviors were consistent with the criteria for territoriality.

SRR
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Figure 13. Home range boundary overiap of four neighboring
barred owl individuals. Very little overlap
exists between adjacent territories. Mean home
range overlap is .7% {range=0 - 1.7%, N=6),
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I agree with these observations and feel that barred owl

territories correspond with their home ranges. The extremely'

large home ranges of the spotted owl may make an active and
regular défense of home range impossible. It would be
energetiéally verf costly to defend an average spotted owl home
range (over 10 sgq. miles). Thus, A spotted owl territory is
probably an area surrounding the nest tree and much smaller than

the home range area traversed by these birds.

Comparison of home range estimators
Table 7 lists the mean summer home range estimates of barred
and spotted owls using the minimum convex polygon, 95% ellipse,

harmonic mean transformation and Fourier transformation

methods. Very little difference exists between the estimators

for this time period. The Fourier analysis gave the smallest

estimate for both species. Otherwise, there is no consistent

relationship in the home range size estimates between the other

three methods. '
Mean annual home range estimates for the four estimators can
be found in Table 8. Once -again the Fourier analysis gave the

smallest estimate of home range size for both species. A paired

T-test reveals that the Fourier analysis result is significantly

different than the other three estimators for both species,' No
significant differences could be found between the other three

methods. For barred owls, the estimates from these three

sl
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Table 7. Mean summer (March lst-August 30th) home range estimates in -
hectares for 8 barred owls and 4 spotted owls using the
minimum convex polygon, 95% ellipse, harmonic mean trans-
formation and Fourier transformation methods.

HOME RANGE ESTIMATOR

CONVEX POLYGON ELLIPSE HARMONIC MEAN FOURIER

Barred owl 281 336 293 270
S.D. 139.3 146.7 133.9 124.3
|  Spotted owl 321 283 - 209 207

5.D. 3713 265.5 145.5 63.6
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. Table 8. Mean annual home range estimates in hectares for 10 barred
. owls and 4 spotted owls using the minimum convex polygon,
95% ellipse, harmonic mean transformation and Fourier
transformation methods,

HOME RANGE ESTIMATOR

CONVEX POLYGON ELLIPSE HARMONIC MEAN  FOURIER
Barred owl 644 534 - S64 393
s.D. | 293.5 174.8 234.7 219.0
Spotted owl 2,816 4,348 3,642 ' 774

S.D. 2,841 _ 3,730 3,346 ' 339.1

61
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techniques correspond closely while the estimate spotted owls are

more variable. The standard deviations for spotted owls are

extremely large and often approach the home range estimate

itself. This may be because spotted owls travérse large areas
and have many distant outlying points which can greatly affect
home range estimation. |

'Figure 14 shows the home range boundaries of the Sandy Creek
male spotted owlbdepicted by the harmonic mean transformation,
95% ellipse and minimum convex polygon. No graphic output was
available for the Fourier transformation. The main difference

between the estimators lies in their definition of home range

boundaries and how these boundaries encompass outlying points.
The minimum convex polygon often includes large areas that are

~apparently unutilized by the owls, since this method simply

connects the outer relocation points. Therefore, MCP is very
sensitive to outlying locations. The probability ellipse (95%
ellipse) is the intensity of use of an area as described by a
bivariate normal distribution. The 95% ellipse can alsc include
large unused areas but to a lesser degree. Therefore, these two
estimators will be more useful for animals that show a preference
for -a wide variety of habitat types and use their home range
homogenously, or for areas that have an even distribdtion of
habitat types throughout the home range.

The harmonic mean transformation provides contours or

isopleths of use for a sample of relocations by calculating the

S RN




Figure l4.

Harmonic Mean 100%
Isopleth

Minimum Convex Palygon

i
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Home range area of the Sandy Creek male spotted owl
depicted by the 95% ellipse, minimum convex polygon
and the 25%, 50%, 75%, 95%, and 100%Z harmonic mean
isopleths. The sample size is for 202 relocations.
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average distance between a point on a grid and the animal
locations. VFigure 14 shows the 25%, 50%, 75%, 95% and 100%

contours. For the purposes of this study the 95% contour was

used to calculate home range size. The method automatically de-

emphasizes outlying Jlocations. Th}s method also assumes no
specific home range shape and multipie activity centers can be
'depicted; it provides an excellent representation of the use of
space and therefore may be the most appropriate technique for
habitat pfeference studies. '

The Fourier analysis (.95 index) calculates a.utilizatioh

distribution for a set of data points and also assumes no

specific home range‘shape, provides a representation of space use

and can depict multiple areas of concentrated use., It is not.

clear why this method consistently provided smaller estimates of
a home range since no graphic output was available to me,
Jaremovic and Croft (1987) state that the Fourier analysis .95
contour index exciuded thé greatest nﬁmber of locations when
compared to other estimators, resulting in more outliers for
reasons that were not always clear, This method is the least
understood of the‘four methods used.

As we have seen, the definition of home range is dependent
“upon the number of location points used ih the calculation and
on the assumptions used by the models themselves. The minimum

convex polygon uses all data points in a set, lends equal weight

to each point; and assumes home range can be defined by a convex
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polygon. The harmonic mean approach assumes no home range shape,

.and can utilize any number of data points desired by the

researcher. Since area estimation techniques reveal little about
the ecology of an animal, new'techniques are needed to examine
the internal anatomy and dynamics of home ranges (Jaremovic and

Croft, 1987).

Reproduction

Ail barred owl and spotted owl nest sites located during the
study have been found in similar types of tree cavities. A
larger‘sample of nest sites is needed to determiﬁe whether the
dimensions of the cévities required by the birds are the same or
significantly different. The similar body,'tail and wing lengths
of the two species (Table 1) suggest that cavity size
requlrements are probably similar. ‘ ‘

Spotted owl reproduction in the study area can best be

described as sporadic. Over a two year period I recorded a

posgible nine nesting opportunities for spotted owl pairs. Only.

one pair bred successfully out of these nine chances and this
pair raised two young. Spotted owls in western Washington may
breed only once every three years (Harriét Allen, pers. com.) I

recorded 12 possible nesting opportunities for barred owl pairs

and six (50%) of these pairs of birds successfully fledged'young.

producing an average of 1.85 young per nest. Some barred owl

pairs have successfully raised young for three consecutive years

e
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while others have yet to produce young. The higher reproduction
of the barred owl helps explain the rapid range expansion of this
owl into the Pacific Northwest. The low reproductive rate of the
spotted owl may be another symptom éf a population stressed by
low food supplies. |

I have recorded a limited amount of information on the
nesting chronology of barred owls, Barred owls appear to lay
eggs by the end of March with young fledging by the fifst.weekAin
June. More information is needed to donfirm this. These dates
are similar to that reported by Devereaux and,Mosher-11984); They
report a mean egg»date of March 20th (N=6 nests) and a mean
fledging date of May 24th (N=2). They also report that 2.0 young
were fledged from 5 active nests.

Before barred owl females laj eggs, I have noticed that
females will begin to utilize very small home range areas. I
have defined these as pre-breeding home ranges and calculated the
size of these areas using the minimum‘coﬁvex polYgon meﬁhod; The
meén pre-breeding home range size of 3 female barred owls was
15.7 ha (range=2-40 ha). The functibn of this behavior is
unknown, I offer two hypothesis. The first is that female
barred owls that are barrying eggs shoﬁld not expose themselves
to the risk of damaging developing eggs by hunting. Therefore it
is possible that the male is feeding her at this stage of the

“nesting cycle. This féeding would speed up energy accumulation

by the female for egg production and also enable her to conserve ..
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energy by not hunting (Norbergq, 1987). The added weight to the
female from egg production already reduces her f£light performance
in hunts, on top of an already higher wing loading when compared
to the male. Also, the female obviously has to visit the nest
site in order to lay eggs. I have found pre-breeding home
ranges to be centered around the nest tree, The second
hypothesis concerns pair bonding and mating between the male and
female. Pair bonding could occur in a shorter period of time,

and copulations and feeding could occur more frequently, if the

male has a precise idea of where the female can be found at any

time of the day or night. This might be especially true for an
owl that is nocturnal and lives in a dense forest canopy with
limited visibility. Although loud vocalizations might aécomplish
this same routine, they would also reveal the location of the
nesting area to any predators or competitors.

The mean date that females restricted themselves to‘pre—
breeding home ranges was March 10th (range=Mar.3-Mar.l17, N=3).

The mean date that pre-ﬁreeding home ranges ended was March 28th

.(range=Mar.23-April 8, N=3). This corresponds closely with the

egg laying dates for females. This home range behavior thus

lasted an average of 18 days.

I am experimenting with a method to attract young barred

owls to an area to count fledged young to determine productivity

and possibly determine fledgling mortality over time. I have

R R PR e S R
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found voung fledged barred owls to be attracted to the pre-
recorded calls of female\adult barred owls and the hissing food
begging calls of young birds. The technigque needs additional
evaluation but could be used to repeatedly locate young birds in
an area until they disperse in the fall. To my knowledge the

method has not been tried on spotted owls,

Conclusion -

Spottea owl population densities are much lower than barred
owl densities  due to the larger home range size of this species.
Since the spotted owl is an old-growth dependent species, the
removal and fragmentation of old-growth forests may also have‘the
effect of increasing the home range size of this owl. The
extremely large home ranges of spotted owls, smaller home range
overlap, wide winter wanderings, rapid home range growth
throughout the year, early depa;ture and iate return to core
nesting areas, and low reproductive rate, may be related to the
food habits specialization in this species. These factors could:
‘reflect the behavior of a population stressed by a low‘food
supply. ’ |

Researchers that are estimating the home range size of an
animal need to be aware that the total relocation sample size,
sampling interval, length of the sampling period, sampling
method, and variation between the home range estimators used,

will all effect the final home range estimate. The total sample
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size, sampling interval, length of the sampling period, sampling
method, and type of home range estimator used should be clearly
stated. Small sample sizes with long sampling intervals and
short monitoring periods will all underestimate home range size.
Large differences in results can be obtained from the same data
set analyzed by different home rénge.gstimatOts. More work is
needed in the field of home range estimation to determinevwhat
constitdtes an adequaté sample size for each estimator, and to
develop techniques.to calculate the standard error and

confidence intervals for the most common home range methods used.
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APPENDIX

The following figures are the cumulative home range graphs for
each individual spotted owl and barred owl radio-tagged, along
with the dates indicating the total period that each bird was
monitored.
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- HOME RANGE SIZE OF THE NORTHERN BARRED OWL
AND NORTHERN SPOTTED OWL IN WESTERN WASHINGTON

by
Thomas E. Hamer
ABSTRACT - The morphology, density, home range size and home
range utilization of a population of northern barred owls (Strix

varia) and northern spotted owls (Strix occidentalis caurina)

' were'studied in northwest Washington.

Spotted owls are 17.9% lighter in weight, have a slightly
smaller body size, similar wing loading, and a much larger‘foot
spread than barred owls. .Mean nearest neighbor distance for
barred owls was 3.17 km (range=l.é—5;4,N=16) while spotted owls
were 2.3 times more distant at 7.3 km (range=3.6~11.2, N=6}, The
difference in these distances is reflected in the population
densities of the two species with barred owls being 2.1 timeé
more numerous than spotted owls in the study area.

Using the minimum convex polygon method, mean barred owl
summer home ranges were 321.5 ha (range=145-506, S5.D.=139,3, N=8)
while mean spotted owl summer homekranges were not significantly
different at 321.2 ha (range=73-862, S.D.=371.3, N=4). Breeding
barred owls had significantly smaller home ranges than non-
breeding birds. The average annual spotted owl home range

(mean=2,816 ha, range=1,200-7070, S$.D.=2,841, N=4) was 4.4 times

larger than the mean annual barred owl home range (mean=644 ha,

range=205-1,326, S.D.=293.5, N=10). Mean annual pair home ranges

of barred owls were 905 ha (range=587-1,477, N=4 pair} while
spotted owl pairs averaged 4,750 ha (range=2,430-7070, N=2pair).

Barred owl pairs showed higher home range overlaps (mean=39%,

SRR T R

range=16-62%) than spotted owl pairs (mean=18%, range=17.l1-
19.1%). Home ranges of barred and spottéd owls in this study

are much larger than those reported by other researchers.
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Two studies in ﬁashington and Orégon haVé used radio-
telemet;y techniques to estimate the home range size of spotted
owls. Forsman et al. (1984) found that an average pair home range
size in Oregon varied from 172 ha to 1154 ha {mean=1177 ha, N=3
pair). Brewer and Allen (1985) reported an average annual home
range of 3703 ha per .pair/ in Washington (N=6 paif).
Finally, Allen (1987) later réports that a mean indi%idual
spotted owl home range in Washington is 1963 ha (N=18
range=406-7134). All the estimates above are based on the minimum
convex polygon method for calculation of héme range size.

The long term goals of the study are to answer some basic
questions about the biology of the northern barred owl and
northern spotted owl in an afea of sympatry and begin‘to evaluate
the possible impact of the barred owl on spotted owl populations.
The objectives for the first year of research were to:

1) Document the relative density of barred and spotted owls in
the studf area. ’

2) Estimate breeding season (March through August) and annual
home range (March through February) sizes for five pairs of
northernbarred owls and two pairs of northern spotted owls,
and for each individualvowl.

3) Compare four different techniques to estimate home range
size. These are | the minimum convex polygon, “harmonic

mean transformation, Fourier transformation and 95% ellipse.
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jay (Cyanocitta stelleri) and the merging of the red-shafted

flicker and yellow shafted flicker into one species (Colaptes
auratus) (Knopf, 1986).

By~1985, the geographid range of the baired bwl almost
overlapped the entire range of the northern quﬁted owl, éxcept
in a small portion of ﬁorthwest California and western Orggdn

(Figure 1) (Allen and Hamer, 1985). These two congeneric species

are now sympatric throughout the Cascade Ranges and Coast Ranges

from Garibaldi Provincial Park, British Columbia, south to
northern California. Whether these two'species can coexist
sympatrically for any length of time is unknown. A large overlap
in the resource requirements may make coexistence of the two
species unlikely. '

No information exists on the home range éize, habitat
requirements, food.habits, activitg patterns or behavior of the
barred owl west of the Rocky Mountains. Three radio~telemetry
studies conducted in the midwest have attempted to estimate the
home range size of barred owls. Nicholls and Warner (1972), and
Fuller (1979), found the average home range size for barred owls
in Minnesota was 273 ha (N=13, range=86.1 to 770 ha). The average
home range size for barred owls in Michigan's upper peninsula was
282 ha (Elody énd Slcan, 1985). One other study estimated the
density of breeding pairs of barred owls in northern New Jeréey

using surveying techniques. They found .142 barred owl pairs per

square kilometer (Bosakowski et al.,, 1987).
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Information was also collected on the habitat use by both
species, activity patterns, territorial behavior and

interspecific interactions which will be reported elsewhere.

;
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STUDY AREA

The study area is located in Northwest Washington in the

Baker Lake Basin on the west slope of the North Cascade Mountains

and comprises an area of 357 square kilometers (138 sqg. miles)

(Figure 3). Baker Lake lies just south of Mt. Baker, a dormant

volcano, with much of the study area comprising the lower

forested slopes of the mountain itself. This area was selected
because previous surveys for spotted owls had been conducted
throughout the drainage and thus many locations of both barred
and spotted owls were known. All the land is managed by the
U.S.F.s. and is part of the Mt. Baker Ranéer District.

The study area is part of the North Cascades Physiographic
Province described by Franklin and Dyrness (1973). The
topography of the area consists of very deep and steep sided
valleys of maximum relief. Elevations range from 244 m on the
vallef floor to 3,283 m on the peak of Mt. Baker. Areas above
1,980 m are heavily glaciated and commonly conéist of permanent

snow fields. The region is characterized by a wet, mild maritime

.climate and precipitation is highly variable. The mean annual

precipitation is 254 cm with most of the moisture falling during

‘the winter in the form of rain. Snow can accumulate in the valley

floor during some winters but snowpack is highly variable between

years. Summer drought is common with only 6-9 % of the annual

precipitation falling during this period. The mean annual

temperature is 10.1 C. Mean July temperature is 17.4 C and the
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mean January temperature is 1.0 C.

The study area is entirely forested except areas that have
been recently clear-cut and those portions over 1,800 m in
elevation which are above treelihe. Three forest vegetation
zones occur here. The Western Hemlock zone occurs primarily along
the lowei reaches of major drainages while the MQuntain Hemlock
zone occurs above 1000 m in wetter areas. The Silver fir zone
occurs on cooler, mid-elevation slopes from 400 m to 900 m in
elevation. Forest stands are of various ages and conditions from
pristine old-growth associations to heavily disturbed younger

aged stands that have been high?graded or‘clear-cuf within the

‘last 60 years. Portions of the study area are highly fragmented

due to current forest management practices while other areas

~contain large contiguous forest stands.
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METHODS
Location of owls
The U.S. Forest Service, Washington Department of Wildlife,

Biosystems Analysis Incorporated and Puget Power and Light

Company have all cOnductedknothern spotted owl surveys in

portions of the study area between 1981 and 1984. The Mt. Baker
Ranger District cqnt.inued its surveys in 1986 and 1987 aé parﬁ of
the U.S.F.S. spotted owl monitoring effort being conducted forest
wide. From this information many ofuthe'locations of barred owl
and spotted owl pairﬁ were known., During the spring of 1986 and
1987 1 re~surveyed much of "the study area to confirm the
locations of these pairs, document the locations of new pairs,
and establish trapping 51tes.

Surveys to locate barred and.spotted owls were conducted
after dusk from March lst through June Bdth. They were
discontinued after June 30th because the responsiveness of the
- owls declined. Survey methods generally follow that described by
Forsman et al., (1984) with owls located using pre—recérded
vocalizations, portable cassette recorders and megaphone
speakers. Both spotted owl and barred owl vocalizations were
played back at each station although-I found barred owls to be
responsive regardless of the type of call used.

Calling inventories were conducted by driving along forest roads

and stopping at .4 km (1/4 mile) intervals tocall and4list‘en for

owls. Observers waited for responses for 15-20 minutes at each
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station. Surveys were also conducted along forest trails and

overgrown roads by calling every few minutes as the area was

traversed on foot.

To document - the spacing of barred and spotted owls in the
study area, mean neérest neighbor distances were calculated by
measuring - the distance between repeated survey locations of owl
paifs and individuals, or by measuring the distance between nest
sites or core areas (for radio-tagged pairs). Core areas were
delineated by the harmonic mean éransformation method of home
range estimation using the 25% isopleth. Nest sites were found

by following radio-tagged females back to their nesting cavities.

Radiotelemetry data collection

Several methods were used to capture barred owls and spoﬁtéd
owls. The most successful method I used to capture barred owls
was a technique described by Elody (1983). Three 121 mm stretch
nylon mist nets were arranged in a large triangie and supported
by 3 meter long alﬁminum poles. A live decoy barred owl was
placed on a perch within the nets along with a large megaphone
speaker which was connected to a cassette recorder in a blind
constructed approximately 15 meters from the neté. Observers

kept hidden in the blind and could then play-back various

vocalizations to attract resident owls. Resident owl pairs would

defend their territory by calling and diving at the decoy, thus

getting caught in the nets. I found the effectiveness of this
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able to utilize habitats made available by natural disturbances.

In 1987, surveys were conducted for barred and spotted owls
in the North Cascades National Park, Ross Lake Drainage
(Bjorklund and Drummond, 1987). -Repeated surveys failed to

reveai any spotted owls, however, 11 barred owls were located in

the survey area. This area lies just 18 miles to the east of our

study location. The lack ofbspotted owls is attributed to the
extensive fire.hisfory of the area, higher elevation, and
- therefore, fragmented nature of the remaining stands of old-
grbwth forests.

Barred owls appear to have a higher popuiation density than
spotted owls (Fig.4). This can be explained by the differénces
inbhome range size and ﬂome range utilization to be discussed

later.

Bome ranges
Sample size and tracking periods
In the spring of 1986, I radi?-tagged 10 barred owls,
representing 4 bfeeding pairs and two individuals, and 4 spotted
owls, representing 2 breeding pairs. Therefore,the sample
included 5 male barred owls, 5 female barred owls, 2 male spotted

owls and 2 female spotted owls. Two pairs of barred owls nested

in 1986 and one pair of spotted owls nested. From these 14 birds

2,700 relocations were collected during a 12 month period. For

ten barred owls, I gathered an average of 151 relocations/bird

T P L
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over an average time span of 11.4 months (Table 3). ‘I collected
an average of 123 relocations/spotted owl over an average time
span of 10.7 months (Tablg 4). The average tracking period for
spotted owls is lower because the Diobsud Creek female spotted
ow‘l was found dead due to unknown causes after 9 months. The

tracking dates for each individual are shown in Tables 3 and 4.

Summer home range

Based on the minimum convex polygon method, barred owls had
a mean summer (March 1l-Aug. 30) home range sizef of 321.5 ha
(range= 145-506, S.D.=139.3, N=8). Spotted owls had a mean
summer home range size of 321.2 ha (range=73-862, S.D.=371.3,
N=4)., I collected an average of 68 relocations/owl over the

summer period. It is surprising how close the summer home range

estimates are for these two species. A Maﬁn-Whitney U-test

revealed no significant difference (P>0.05) in the summer home

range size between barred and spotted éwls.

An unpaired T-test revealed breeding barred owls (mean=215 |

ha, S.D.=80.3, N=4) had significantly smaller (P<.05) home ranges
than non-breeding individuals (mean%427, 8.D.=94.2, N=4), Non-
breeding barred owl individuals have summer home ranges that are
about twice the size of the home range" of breeding birds. Since
breeding birds are delivering prey items to a nest site, they may
be _restricted to foraging in smaller areas around the nest tree.

I observed a similar trend in spotted owls but the small sample
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Table 3. Tracking dates, total tracking period, relocation sample size
and home range size in hectares for 10 barred owls in
Western Washington. Home range size was calculated using the
minimum convex polygon method.
NUMBER HOME RANGE SIZE
SITE NAME SEX TRACKING DATES OF MONTHS SAMPLE SIZE (hectares)
Sandy Creek M 16 May 86 - 17 Apr 87 11 179 1,326
Sandy Creek  F 6 May 86 - 17 apr 87 11 197 - 782
1799 Hill M 3 Apr 86 ~ 10 Apr 87 12 163 727
1799 Hill F 11 Apr 86 - 2 Mar 87 11 158 342
Welker Creek M 4 Apr 86 - 8 Apr 87 12 142 509 ;
Welker Creek F 3 May 86 - 8 Apr 87 11 158 771 .
Rearing Ponds M 29 Mar 86 - 8 Apr 87 12 177 - 387 |
Rearing Ponds F 8 Apr 86 - 8 Apr 87 12 177 205 :
Diobsud Creek M 5 Jun 86 - 27 Apr 87 11 51 479 ¢
Diobsud Creek F 22 May 86 - 27 Apr 87 11 © 40 515 £
——————————————————— %‘
644 .
Mean ' 11.4 151 ' _ %
$.D. | 293,5 §

N

A




Table 4. Tracking dates, total tracking period, relocation sample size
and home range size in hectares for & spotted owls in Western

Washington,
convex polygon method.

Home range size was calculated using the minimum

, ‘ ' NUMBER - HOME RANGE SIZE
SITE NAME SEX TRACKING DATES  OF MONTHS SAMPLE SIZE (hectares)
Sandy Creek M 11 Apr 86 - 31 Mar 87 11 202 1,351
Sandy Creek  F 11 Mar 86 - 31 Mar 87 12 188 7,070
Diobsud Creek M 22 May 86 - 13 Apr 87 11 57 1,643
Diobsud Creek F 22 May 86 - 10 Feb 87 9 46 1,200

Mean 10.75 123 2,816

S.D. 2,841
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size for this species prohibited the use of a statistical test.

Annual home range
Barred owl individuals had an annual home. range size (using

MCP) of 644 ha (range= 205-1326, S.D.=293.5, N=10) (Table 3).

Spbtted owl individual home ranges averaged 2,816 ha (range='

1200~7070, sS.D.=2,841, N=4) (Table 4). Mann-Whitney U-test
results indicate that spotted owls have significantly larger
annual home ranges than barred owls. Spotted owl annual home
" ranges wefe 4.4 times 1argér than barred owl home ranges. Core

nesting and activity areas were defined for spotted and barred

owls using the harmonic mean 50% isopleth. Barred owl core areas

were 56 ha (range=16-98, N=10) in size and spotted owl core areas
were 86 ha (ran§e=43-l30, N=4) in size, |

Allen (1987) reports mean spotted owl individual home range
in W:ashington tobe 1,963 ha,vmuch smaller. than the average found
in this study. My estimates do fall within the range she
reported (range=409-7134 ha). A look at the average sample sige
~and monitoring period for the 18 owls Allen studied reveals that,
on average, birds were only monitored for a period of 7.5 months
with a mean sample size of 96 relocations collected/bird. The
shorter monitoring period and smaller relocation sample for some
of the owls has probably biased the home range estimate toward
smaller values, Forsman (1980) réports even smaller home range

values (1,177 ha) for spotted owls in Oregon which may be due to
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a geographic variation in the home range size of the spotted owl
as one moves north. This trend has been noticed by severai
researchers.

Although male barred owls (mean=726, S8.D.=349, N=5) had home
ranges 29% larger than females (mean=563; S.D.=235.6, N=5), an
unéaired T-test revealed no significant difference in tbese
means. The two barred owls with the 1arge§t home ranges were the
Sandy Creek pair, which were 1living adjacent to a pair of spotted
owls. These two birds had an avefage home range size that was
64% larger than the average barred owl. The larger home range

may be the result of the interaction between these two species.

Pair home range
AMean annual home range for barred owl'péirs was 905 ha
(range= 587-1477ha, N=§ pair) (Table 5}, while'spotted owl pairs
averaged 4,750 ha (range=2430-7070, N=2 pair) (Table 6) estimated
by the minimum convex polygon method. Allen (1987) reports pair
home ranges of spotted owls in Washington to be 3,703 ha in size
(N=6 pair). Again, the smaller estimate is probably due to the
shortef monitoring period for these birds. Fofsman (1980)
reports an average pair home range size in Oregon to be 2,144 ha.
| The mean percent home range overlap of paired male and
female barred owls was 38.9% (range=16-62, N=4 pair). The
average home range overlap between males and females for two

pairs of spotted owls was 18.1% (range=17.l-19.l). Forsman




B0

37

Table 5. Minimum convex polygon home range estimates for four pair of

barred owls and the percent of home range overlap for paired
male and female owls, '

SITE NAME HOME RANGE SIZE PERCENT OVERLAP
(hectares)

Rearing Pond Pair 587 - 35.0

Welker Ridge Pair 789 62.2

Sandy Creek Pair 1,477 42.6

Diobsud Creek Pair 767 | 16.0

Mean 905 : 38,9

R S R
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Table 6. Minimum convex polygon home range estimates for two pair of
spotted owls and the percent of home range overlap for paired
male and female owls, .

SITE NAME - | HOME RANGE SIZE PERCENT OVERLAP
(hectares) S

Sandy Creek Pair . 7,070 T19.1

Diobsud Creek Pair 2,430 17.1

Mean = - 4,750 ' 18.1
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(1984) reports the mean pair overlap for spotted owls in Oregon
to be 68%, a much higher overlap than that observed in this
study. Figures 5 and 6 illustrate the size, shape and amount of
overlap of the polygon boundaries for barred and spotted owl
pairs. The Diobsud Creek and Sandy Creek barred owl pairs show
less home range overlap than the Reariné Ponds and Welker Créek
pairs. The former two pairs were living adjacent to spotted owls
(Fig.5). Competitive intaractions with spotted owls could be
causing barred owl pairs to fo:ége farther apart during the
winter, but a larger sample of'pairs is needed to confirm this
trend. For the latter two pairs, the Rearing Ponds female
" residedcompletely within.the male's home range'while thé We lker
‘male was‘found living almost entirely within thefemale's home
range. Nicholls and Fuller (1987) found large home range overlaps
of paired barred owls in their study. For spotted owls, the
calculation of home range overlap is more complex since the
Diobsud male and the Sandy Creek female had winter ranges that
were separate from their summer ranges (Fig. 7). The}efore,
althoughthe Sandy Creek male's home range lies entirely within
the female's, there is actually much less home range overlap than
is first apparent, since the female spent 5 weeks in an area 9
air miles to the south. The Diobsud Creek Male spent 12 weeks in
an aréa 6 miles to the south of his summer home range.

Harriet Allen (pers. com.) has observed similar winter

movements of spotted owls she studied in Washington. Out of
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Figure 5 . Minimum convex polygon home range overlap of four barred
owl pairs.
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Figure 6. Minimum convex polygon home range overlap of two spotted
owl pairs. Separate winter ranges of the Sandy Creek
female and Dicbsud Creek male are not shown in the
figure,
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6-9 air Im‘iles

Figure ‘7 . Seasonal shift in home range use by spotted awls.
Birds will often travel 6-9 air miles from their
summer range to a seperate winter range.




e

43

eighteen spotted owls monitored, 44% had separate winter and
_summer ranges. The northern range of the Sandy Creek female was
3.1 times larger than tﬁe range she used for part of the winter
9 miles to the south., The Diobsud Creek male's northern range
was only iS% larger than the area he used for part of the winter
6 miles to the south.

Barred owl home ranges to increased 230% (M=10) during the
winter period (Septil-Feb 30) when owls started foraging over
larger areas. Spotted owl home ranges increased 880% (N=4)
during the winter period. This dramatic increase is not just due
to the winter home range shifts of two spotted owls, but also
represents large home rangevincréases for those owls that kept

permanent home ranges.’ The home range increases for both of

‘these species may be a response to declining prey populations in-

the fall and winter. The larger increase for spotted owls may
reflect the prey specialization of»this owl to be discussed

below.

Cumulative home range

A comparison of the mean cumulative home range for 8 barred
owls and two spotted owls is shown injFigure 8. As we have seen,
the summer home ranges of these two species is very siﬁilar.
Large differehces in home range utilization begin to appear in
late August when the rate of growth of spotted owl home ranges

increases rapidly. One reason for this difference is the mean
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‘Figure 8. Mean cumulative home range size of 8 barred owls and 2 spotted
owls for a one year period. The figure illustrates the
differences in home range utilization between the two species.
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date that spotted owls left their core areas (harmonic mean 50%
isopleth) was October 1lst (range=Aug.15-Nov.10, N=4) when birds
started foraging over large areas. The mean date that barred
owls left their core areas was October 23rd (range=Aug.l8-Dec.lS,
N=10}. Therefore, barred owls start expanding their home ranges

later in the season but also did not migrate or wander during the

winter and could be found within their home rangés throughout the

yéar. The mean cumulative home range line of 8 barred owls in
Figure 9 reveals that barred owl home ranges do not show a large
increase in the rate of growth until late November and often
individual owls have long periods where the home range shows no
increase at all. Spotted owls have extremely large home ranges
and wandered widely in the fall and wintet,vwith sharp increases
in home fange size in September and October. The mean date that
barred owl.home ranges stopped growing was January 29th

{range=Jan.%9-Feb.12, N=8). This was similar to the mean date

that barred owls returned to their core areas which was January

30th (range=Jan.9-Feb.12, N=9). Spotted owl home ranges grew
throughout the year and never appeafed to reach a final plateau.
The mean date that spotted owls'réturned to their core areas was
March 20th (range=Mar.18-24, N=3), a full 7 weeks later than

barred owls. Spotted owl home ranges stopped growing only three

days before this date on March 17th (range=Mar.4-24, N=3). If

spotted owls do not use the same winter ranges from year to year,

it could take several years to estimate the total home range size
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Figure 9 . Cumulative home range and the mean cumulative home range for
8 barred owls over a 12 month period. The figure illustrates
how convex polygon size varies with sample size, season and
between individuals,
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of this species. The smaller home range size of the barred owl
allows these birds to have a higher population density than
spotted owls (Fig. 4). Mean nearest neighbor distances reflect

this density.

Food habits differences and home range size
The extremely large home range size of the spotted owl,
smaller pair home range overlap, wide winter wanderings, rapid
home range growth throughout the yéar, early departure from core
areas in the fall and late return to core areas in the spring,

could be a result of the food habits specialization in this

species. These factors could reflect the behavior of a.

population stressed by low food supplies. Spotted owls have been
3
shown to specialize on medium sized arboreal and semi-arboreal

mammals such as the flying squirrel (Glaucomys sabrinus), red

tree vole (Arborimus longicaudus) and two woodrat species

(Neotoma) in Oregon (Forsman et al., 1984). 1In Washington the

owl has been shown to primarily feed on £flying squirrels

(Gutierrez and Carey, 1985). The barréd owl appéars to be very

much a food habits generalist throughout its range in the eastern

United States feeding on a large variety of small terrestrial .

mammals, small passerines, insects, amphibians, reptiles and even

fish is commonly reported in the literature (Blakemore, 1940;

Devereux and Mosher, 1984; Karalus and Eckert, 1974; Wilson,

1938). Errington and McDonald (1937) report that the diet
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composition of the barred owl is governed by availability, ease
of capturing prey and by chance., Not only are there differences
in the range of prey types taken by these owls, but the spotted
owl also appears to prefer prey of larger biomass. Barrows
(1985) has found that spdtted owls have a high porportion of
larger prey items in their diet have greater breeding success
than spotted owl pairs that feed on smaller prey items.

The populatidn density of mammals declines with.increasing
body size with a regression sIope of -.75 (Damuth, 1981).
Therefore, the spotted owl will have to search for prey over a
larger area than the barred owl since it is searching'for fewér
different prey species of larger body size and lower numerical
densities. Since the spotted owl is searching for fewer prey
items, individuals may have to forage err large; areas to
procure these items, This will not be true during the breeding
season where males and females must deliver prey itéms to a nest
site and thus foragé in smaller areas. An increase in pfey
availability during the summer wbuld also allow the spotted owl
' to have smaller summer home ranées. The breeding (éummer) home
ranges of barred and spotted owl are therfore similar in size.
Spotted owls may also be expected to have a larger negative
effect on prey densities since they are feeding on fewer prey
items. Preliminary results 6f several researchers have showed
extremely low flying squirrel densities in spotted owl nesting

areas compared to other areas (Andy Carey, ﬁSFS, pers{ com.).
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and aggressivé behavior may give this species an advantage during
territorial disputes with spotted owls. Limited observational
data (Harriet Allen, Washington Dept. of Wildlife; Jim Ackinson,
Willapa Nat. Wildlife Refuge, pers. com.) suggest that behavioral
interactions between the barred owl and spotted owl are occurring

with the barred owl dominant in each encounter.

Density
The mean nearest neighbor distance between nest areas or

core areas of resident barred owl pairs was 3.17 km (1.98 mi)

(N=16, range 1.8-5.4 km). Spotted owl mean nearest neighbor

distance was 7.3 km (4.56 mi) (N=6, range 3.6-11.2 km). Forsman
(1984)Vreports mean neafest neighbor distances for spotted owls
in Oregon were 2.6 km (N=47). This is a much closer spacing than
that observed in my study area. Spotted owls are therefore 2.3

times more distant between resident pairs than barred owls in the

study area. I monitored three sites where barred and spotted

owls were living in adjacent territories. The mean nearest

neighbor distance for these interspecific pairs. was 1.6 km (1.0

mi.) (range=.87-1.12 km,N=3). It is interesting to note that

adjacent territorial pairs of barred and spotted owls nest closer
to each other than either adjacent barred owl pairs or
neighbéring spotted owl pairs. Therefore, we can expect to see a
degree of interspecific home range 6verlap bétween these two

species. Whether these two raptors require similar habitat
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typesf food resources or nest sites remains to be documented.
. The population density and spatial distributiqnjof barred
and spotted owls in the'study area is shown in Figure 4, Prior
"to 1974 there were no barred owl records within the study érea
(Hamer and Allen, 1985).‘ The population of barred owls on the
study area has thus grown from.zero individuals prior.to 1950 tb
32 individuals by 1987. The spotted owl population has remained
stable with 15-individuals residing in the area over the last
three years. My survey results show that barred owls are now
2.1 times more numerous than spotted owls. The'barred owl
population is probably still increasing in thé study area since

the species has had only 13 years to establish itself.

‘Figure 4 shows barred owls inhabiting those areas lower in
elevation around Baker Lake and associated drainages. Spotted
owls are found higher in elevation and further distances from the
Lake Basin. This may be a reSult of the long history of high
gradlng and clearcutting of the lower elevations around Baker
Lake, These areas were historically pure coniferous forest old-
grohth, but after being disturbed, have grown back into mixed
stands of deciduous-coniferous forest. Habitat studies in the
eastern United States have found this habitat type to be
preferred barred owl habitat (Bird and Wright, 1977; Dunstan and
Sample, 1972; Elody, 1983; Fuller, 1979; Gutmocte, 1975; ﬁicholls

and Warner, 1972). The areas away from the basin are less roaded

‘and disturbed, and contain much larger and contiguous tracts of




Figure 4,

Spacial distribution and density of barred and spotted owls in
the study area. The symbol B represents barred owl individuals
or pairs and the symbol S represents spotted owl individuals

or pairs. There is an absence of resident barred owls on the
west side of the study area.
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pufe éoniferous old-growth forest whibh is preferred spotted owl
habitat (Forsman, 1980). The difference in habitat preference
between barred and spotted owls can also be observed by looking ‘
ét the total distribution of barred owls across the Stddy area.
Figure 4 shows an absence of barred owls on the west side of the
study area, but a high density of spotted owls. 'This areaAwés
only recently roaded and contains large amounts of contiguous
old-growth habitat. Those areas that have beéﬁ'clearéut‘are in
very.young stages of deQelopementu(<20 years) and p¥ovide no
suitable habitat for barred owls or spotted owls since.a.forest
canopy has not yet developed. These disturbed areas w;ll
eventually grow back into mixed stands of coniferous-deciduous
forest and provide suitable barred owl habitat in the near
future. One individual barred owl appeared in this area in the
fall of 1986, set up residency for 10. months, and then
disappeared early in the spring of 1987. |

I have also lécated barred owls in areas where the habitat
is undisturbed by human activities. 1In one instancé, a pair of
barred owls was using mixeGIStands of coniferocus-deciduous
habitat along a river floodplain. This area has been repeatedly
disturbed by flood events and therefore developed into a mixed
stand of timber along a wide riparian zone producing preferred
barred owl habitat. In several other instances, I have found
barred owls uﬁilizing younger stands'of timber that have been

maintained by fire histories. Therefore, barred owls also appear'
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able to utilize habitats made available by natural disturbances.

In 1987, surveys were conducted for barred and spotted owls
in the Worth Cascades National Park, Ross'Lake Drainage
(Bjorklund and Drummoncd, 1987). Repeated surveys failed to
feveal any spotted owls, howevet, 11 barred owls werevlocated in
the survey area.  This area lies just 18 milés to the east of our
study location. Thé lack of spotted owls is attributed to the
extensive fire history of the area, higher elevation, and'
therefore, fraghented nature of the remaining stands of old-
growth forests.

Barred owls appear to have a higher population density than
spotted owls (Fig.4). This can be explainéd by the differences
in home range size and home range utilization to be discussed

later.

, Home ranges

Sémple size and tracking periods

In the spring ofl1986, I radie-tagged 10 barred owls,
representing 4 breeding pairs and two individuals, and 4 spotted
owls, representing 2 breeding pairs. Therefore, the sample
included 5 male barred owls, 5 female barred owls, 2 male spotted
owls and 2 female spotted owls. Two pairs of barred owls nestedvv
in 1986 and one pair of spotted owls nested. From these 14 birds

2,700 relocations were collected during a 12 month period. For

ten barred owls, I gathered an average of 151 relocations/bird
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over an average time span of 11.4 months (Tabie 3). I ‘collected
an average of 123 relocatiohs/spotted owl over an average timé
span of 10.7 months (Table§4). The average tracking period for
spotted owls is lower because the Diobsud Creek female spotted
owl was found dead due to unknown causes after 9 months. The

tracking dates for each individual are shown in Tables 3 and 4.

Summer home range

‘Based on the minimum convex polygon method, barréd owls had
a mean summer (March l-AQg. 30) home range size of 321.5 ha
{(range= 145-506, S.D.=139.3, N=8). Spotted owls had a mean
summer home range size of3321.2 ha (range=73-862, S.D.=371.3,
N=4). I collected an ave#ége of 68 relocations/owl over the
summer period. It is surprising how close the summer home range
estimates are for these tho species. A Mann-Whitney U-test
revealed no significant difference (P>0.05) in tﬁe summer home
range size between barred and spotted owls.

An unpaired T-test revealed breeding barred owls (mean=215
ha, 8.D.=80.3, N=4) had signifi'cantly smaller (P<.05) home ranges.
‘than nonQbreeding individuals (mean=427, S.D.=94.2, N=4). Non-
breeding barred owl individials have summer home ranges that are
about twice the size of thezhome range of breeding bi;ds. Since
‘breeding birds are delivering prey items to a nest site, they may
be restricted to foraging in smaller areaé around the nest tree.

I observed a similar trend in spotted owls but the small sample
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Table 3. Tracking dates, total tracking period, relocation sample size
and home range size in hectares for 10 barred owls in
Western Washington. Home range size was calculated using the
minimum convex polygon method.

NUMBER * HOME RANGE SIZE

SITE NAME SEX TRACKING DATES  OF MONTHS SAMPLE SIZE  (hectares)
Sandy Creek M 16 May 86 - 17 Apr 87 11 179 - 1,326
Sandy Creek F 6 May 86 - 17 Apr 87 11 197 782
1799 Hill M 3 Apr 86 - 10 Apr 87 12 163 727
1799 H4ll F 11 Apr 86 - 2 Mar 87 11 158 ' 542
Welker Creek M 4 Apr 86 - 8 Apr 87 12 142 509
Welker Creek F 3 May 86 - 8 Apr 87 11 . 158 771
Rearing Ponds M 29 tar 86 - 8 Apr 87 12 77 . 587
Rearing Ponds F 8 Apr 86 - 8 Apr 87 12 177 - 205

_ Diobsud Creek M 5 Jun 86 ~ 27 Apr 87 11 51 479
Diobsud Creek F 22 May 86 - 27 Apr 87 11 40 515
Mean 11.4 151 644
S.D. 293.5
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Table 4. Tracking dates, total tracking period, relocation sample size
and home range size.in hectares for 4 spotted owls in Western
Washington. Home range size was calculated using the minimum

convex polygon method.

| NUMBER HOME RANGE SIZE

SITE NAME SEX TRACKING DATES OF MONTHS < SAMPLE SIZE (hectares) g
Sandy Creek M 11 Apr 86 - 31 Mar 87 11 202 1,351
Sandy Creek F 11 Mar 86 - 31 Mar 87 12 188 7,070
Diobsud Creek M 22 May 86 - 13 Apr 87 11 57 1,643
Diobsud Creek F 22 May 86 -~ 10 Feb 87 .9 46 1,200
Mean | 10.75 123 2,816
S.D. ' 2,841
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size for this species prohibited the use of a statistical test.

Annual home range

Ba::ed owl individuals had an annual hohe range siie (using
MCP) of 644 ha (range= 205-1326, S.D.=293.5, N=10) (Table 3).
Spotted owl individual hoﬁe ranges averaged 2,816 ha'(fange=
1200-7070, S.D.=2,841, N=4) (Table 4). Mann-Whitney Uéte'st_
results indicate that spotted owls have éignificaﬁtiy larger
annual home ranges than barred owls. Spotted owl annual home
ranges were 4.4 times larger than barred owl home ranges. -Core
nesting and actiVitf areas were defined for spotted and barred
owls using the harmonic mean 50% isopleth. Barred owl core areas
were 56 ha (range=16-98, N=10) in size and spotted owl core areas
were 86 ha (range=43-130, N=4) in size.

Allen_(1987) réports mean spotted owl individual home range
in Wéshington to be 1,963 ha, much smaller than the average found
in this study. My estimates do fall within the range she
reported  (range=409-7134 ha). A look‘at the average sample size
and monitoring period for the 18 owls Allen studied reveals that,
on average, birds were only monitored for a period of 7.5 months
with a mean sample size of 96 relocations collected/bird. The
shorter monitoring period and smaller relocation sample for some
of the owls has probably biased the home range estimate toward

smaller values, Forsman (1980) reports even smaller home range

values (1,177 ha) for spotted owls in Oregon which may be due to
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a geographic variation in the home range size of the spotted owl
as one moves north. This trend has been noticed by several
researchers.

Although male barred owls (mean=726, S.D.=349, N=5) had home
ranges 29% lafger than females (meén=563, 5.D.=235.6, N=5), an
unéaired T-test revealed no significant difference in these
means., The two barred owls with the largest home ranges weréﬂghe
Sahdy Creek pait, which‘ were 1ivin§ édjacent tol'a pair of spotted

owls. These two birds had an average home range size that was

64% larger than the average barred owl. The larger home range

may be the result of the interaction between these two species.

Pair home rangé

Mean annual home range for barred owl pairs was 905 ha

{(range= S587-1477ha, N=4 pair) (Table 5), while spotted owl pairs
averaged 4,750 ha (range=2430-7070, N=2 pair) (Téble 6) estimated

by the minimum convex polygon method. Allen (1987) reports pair

home ranges of spotted owls in Washington to be 3,703 ha in size

(N=6 pair). Again, the smaller estimate is probably due to the

shorter monitoring period for these birds. Forsman_(1980)
reports an avérage pair home range size in Oregon to be 2,144 ha.

The mean percent home range overlap of paired male and
female barred owls was 38.9% (range=16-62, N=4 pair). The
averége home range overlap between males and fémales for two

pairs of spotted owls was 18.1% (range=17.1-19.1). Forsman
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Table 5. Minimum convex polygon home fange estimates for four pair of
barred owls and the percent of home range overlap for paired
male and female owls.

SITE NAME HOME RANGE SIZE PERCENT OVERLAP
’ (hectares)

Rearing Pond Pair 587 35.0

Welker Ridge P#ir‘ 789 T 62,2

Sandy Creek Pair 1,477 42.6

Diobsud Creek Pair 767  16.0

SR A G s e Sl e i e e P e bwm T bam e e e et e v Gm

Mean _ 905 38,9
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Table 6. Minimum convex polygon home range estimates for two pair of
spotted owls and the percent of home range overlap for paired
male and female owls.

SITE NAME . HCME RANGE SIZE PERCENT OVERLAP

(hectares)
Sandy Creek Pair 7,070 , 19,1
Diobsud Creek Pair 2,430 ‘ 17.1
Mean 4,750 18.1
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‘(198ﬁ) reports the mean pair overlap for spotted owls in Oregon
to be 68?, a much higher overlap than that observed in this
study. Fiqgures 5 and 6 illustrate the size, shape and amount of
overlap of the polygon boundaries for barred and spotted owl
pairs. The Diobsuc Creek and Sandy Creek barred owl pairs show
less home range overlap than the Rearing Ponds and Welker Créek

-pairs. The former two pairs were living adjacenﬁ to spotted owls

(Fig.5). Competitive interactions with spotted owls could be

causing barred owl pairs to forage farther apart auring the
winter, but a largei sample of pairs is needed to confirm this
trend. For the latter two pairs, the Rearing Ponds female
residedcompletely within the male's home range while the Welker_'
male was found living almost entirely within thefemale's home
range. Nicholls and Fuller (1987) found large home range overlapé
of pairéd barred owls in their study. For spotted owls, the
calculation of home range overlap is more complex.since the
Diobsud male and the Sandy Creek female had winter ranges ﬁhat
were separate from their summer ranges (Fig. 7). Therefore,
althoughthe Sandy Creek male's home range lies entirely within
the’female‘s, there is actually much less home range overlap than
is first apparent, since the female spent 5 weeks in an area 9
air miles to the socuth, The Diobsud Creek Male spent 12 weeks in
an area 6 miles to the south of his summer nome range.

Harriet Allen (pers. com.) has observed similar winter

movements of spotted owls she studied in Washington. Out of
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Figure 5 . Minimum convex polygon home range overlap of four barred
‘ owl pairs. '
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Figure 6, Minimum convex polygon home range overlap of two spotted

owl pairs. Separate winter ranges of the Sandy Creek

female and Diobsud Creek male are not shown in the
figure.
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Figure 7 . Seasonal shift in home range use by spotted owls.
Birds will often travel 6-9 air miles from their -
summer range to a seperate winter range.
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‘eighteen spoited'owls monitored, 44% had separate winter and
éummer ranges. The northern range of the Sandy Creek female was
3.1 times larger than the range she used for parﬁ of the winter
9 miles to the south. The Diobsud Creek male's northern range
was only 153 larger than the area he used for part of thé winter
6 miles to the south.

.Barred owl home ranges to increased 230% (N=10) during the
winter period (Sept l-Féb 30) Qhen owls started foraging over
larger areas. ©Spotted owl home- ranges increased 880% (N=4)
during the wfnter period. This dramatic increase is not just due
to the winter home range shifts Qf two spotted owls, but also‘
represents large home range increases for those owls that kept
permanent home ranges. The home range increases for both of
these species mayybe a response to'declining‘prey populations in
the fall and winter. The larger increase for spotted owls may

";eflect the prey specialization of this ohl to be discussed

below.

Cumulative home rangeA

A comparison of the mean cumulative home range for 8 barresd
owls and two spotted les is shown in Figure 8. As we have seen,
the suﬁmer home ranges of these two species is Very similar.
Large differences in home range utilization begin to appear in

~late August when the rate of growth of spotted owl home ranges

increases rapidly. One reason for this difference is the mean




Figure 8. Mean cumulative home range size of 8 barred owls and 2 spotted
owls for a one year period. The figure illustrates. the
differences in home range utilization between the two species,
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date;that spotted owls left their core azeaé'(harmonic mean 50%
isopleth) was October lst (range=Aug.l15-Nov.10, N$4) when birds
started foraging over large areas. The mean date that barred
owls left their core areas was October 23rd (range=Aug.18-Dec.l5,
N=10). Therefore, barred owls start expanding their home ranges
latef in the season but also did not migréte or wander during t‘hé_
winter and could be found within their home ranges throughout the
year. The mean cumulative home range line of 8 barred owls in
Figure 9 reveals that barred owl home ranges do not show a large
increase in the rate of growth‘until late November and often
individual owls have long periods where the ﬁome range Shows no
increase at all. Spotted owls have extremely large home ranges
and wandered widely in the fall and winter, with sharp increases
in home range size in September and October. The ﬁean'daté that
~barred owl home ranges stopped growing was Januvary 29th
({range=Jan.%9-Feb.12, N=8}. This was similar to the mean date
that barred owls returned to their core areas which was January
30th (range=Jan.9-Feb.12, N=9). Spotted owl home'rangeé grew
throughout the year and never appeared tb reach a final plateau.
The mean date that spotted owls returned to their core areas was
March 20th (range=Mar.18-24, N=3), a full 7 weeks later than
barred owls. .Spotted owl home ranges stopped growing qnly three
days before this date on March 17th (range=Mar.4-24, N=3). If
spotted owls do not use the same winter ranges from year to year,.

it could take several years to estimate the total home range size
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how convex polygon size varies with sample size, season and
between individuals,
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of this species} . The smaller home range size of the barred owl
allows these birds to have a higher population density than
spotted owls (Fig. 4). Mean nearest neighbor distances reflect

this density.

Food habits differences and home range size
The extremely large home range size of the spotted owl,

smaller pair home range overlap, wide winter wanderings, rapid

home range growth throughout the year, early departure from core

areas in the fall and late return to core areas in the spring,

could be a result of the food habits specialization in this

species, These factors could reflect the behavior of a

population stressed by low food supplies. Spotted owls have been

shown to specialize on medium sized arboreal and semi-arboreal

mammals such as the flying sqhirrel (Glaucomys sabrinus), red

tree vole (Arborimus longicaudus) and two woodrat species

(Neotoma) in Oregon (Forsman et al., 1984). In Washington the

owl has been shown to primarily féed on flying squirrels
(Gutierrez and Carey, 1985). The barred owl appgars-to be very
much a food habits generalist throughout its range in the eastern
United States feeding on a large variety'of small'terréstrial
mammals, small passerines, insects, amphibians, reptiles and even
fish is commonly reported in the literature (Blakemore, 1940;
Devereux and Mosher, 1984; Karalus and Eckert, 1974; Wilson,

1938). Errington and McDonald (1937) report that the diet
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composition df the barred owl is governed by availability, ease
of capturing prey and by chance. Not only are there differences
ip the range of prey types taken by these owls, but the spotted
owl also appears to prefer prey of larger biomass. Barrows
(1985) has found that spotted owis have a high porportion of
larger prey items in their diet have greater bfeeding success
than spotted owl pairs that feed on smaller érey items.

| The population density of mammals declines with inéreaéiﬁg
body size with a regression slope of -.75 (Damuth, 1981).
Therefore, the spotted owl will have to search for prey over a
larger area than the barréd owl since it is searching for fewer
different prey species of larger body size and lower numerical
densities. Since the spotted owl is searching for fewer prey
items, individuals may have to forage over larger areas to
Qrocure these items. This will not be true during the breeding
season where males and females must delivér prey items to a nest
site and thus forage in smaller areas. An increase in prey
availability during the summer would also,allowvthe spotted owl
to have smaller summer home ranges. The breeding {summer) home
ranges of barred éndvspofted owl are therfore similar in size.

Spotted owls may also be expected to have a larger negative

effect on prey densities since they are feeding on fewer prey

items. Preliminary results of several researchers have showed
extremely low flying squirrel densities in spotted owl nesting

areas compared to other areas (Andy Carey, bSFS, pers. com.).
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This may be one reason why spotted owls have a much lower
breeding success than barred owls (see section on reproduction),
since prey densities must récover in the summer range before
another nesting attempt can be successful. We have also seen that’
spottedbowl pairs have much less home range overlap than barred
owl pairs, which could be the result of male and female owls
avoiding foraging in each others use areas due to a sca:city.of
prey. Forsman {(1980) found that spotted owl pairs in Ofegoﬁ

~partitioned foraging areas on a spatial and temporal basis.

MacAurther and Pianka (1966) have shown that specialized.

predators should havé longer search times when locating suitable
prey items than a generalist predator, although the pursuit timeé
would be similar. Since the barred owl can be expected to prey on
a variety of acceptable food items, this owl should have shorter
search times/item caught, but pursuit times would increase, as a
large variety of new hard-to-catch items are sought. - They also
state that predators with specialized habitat preferences (few
habitat patch types) would be expected to have longer traveling
times/prey item caught, since specialists muct travel longer
distances between habitat patches to reach a suitable patch - type.
The spotted owl- appears to be a habitat specialist requiring old-
growth coniferous forest to survive (Forsman, 1980). Therefore,
one could expect the spotted owl to have larger home range sizes
since it may spend more time searching for suitable prey over a

larger area and spend more time traveling longer distances,
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between suitable patch types. Schoener (1968) has shown that a
predatpr whose diet coﬁsists of prey categories different in
frequency from that available in the area should be feeding on
relatively less dense food than a predator who is‘oppo:tunistic
and preying on whatever is available. He found that the héme
ranges of most raptofs .reviewed were larger if the number of
‘prey per unit area is smaller. The fact that home_rangeﬂgize
varies with food density has been démonstfated fn several studies
on birds (Schoener, 1968). Therefore, barred owls may be able to
sustain thehselves on much smaller home ranges and have larger
home range overlaps between paired individuals than spotted owls
because of differences in diet.

In a discussién of spotted owl home range size, one can not
- overlook the fact that large areas of suitable habitat have been
removed and remaining stands of old growth fragmented due to
clear-cut logging praétices. These»negative effects will act to
reduce prey densities and require owls to travel longer
distances between suitable patch types. I theorize that spotted
owl home rahges today are.ﬁrobably larger than they were
historically; but feel home ranges were most likely very large
even uﬁder natural conditions, I have monitored owls in
relatively undisturbed areas and still find large home range

sizes for these birds. Present day'logging practices are

probably increasing the food stress on spotted owls, and

eventually, may act to tip the energy balance against this

SRR
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species.

Effect of sampling procedures on home range size
FigureAlo shows the number of days it took to éstimaﬁe
variouS‘percentages_of the total home range of an average barred
owl, A total of 320 days (10.6 months) were required tb estimate

100% of a barred owl's home range and 285 days (9.5 months), were

needed to estimate 90% of this area. This is the main reason why

1 feel the estimates of barred owl home ranges from three studies

in the midwest cannot be used with confidence. The average

monitoring time for 13 owls studied by Nicholls and Warner

{1472), and Fuller (1979), was only 114 days (3.8 months), with

most of the monitoring conducted in the spring and summer when
owl home ranges are small. Only two owls were monitored during
the winter and only for short periods of time. The two largest

home ranges reported are for birds monitored for the longest

périods of time. Figure 10 shows my home range estimate at 114

days wouldvbe 200 ha (only 30% of total) while they report an
average home range of 273 ha. These estimates are very similar
and demonstrate the dangér in estimating home rﬁnge size with
data sets of short duration. Since barred owl cumulative home
ranges often plateau at different times of the vear (Fig.9)
Abefore increasing again, researchers can be deceived 1into
thinking that they have estimated the total home range in periods

of less than 10.6 months, Elody (1983) reports an average hdme
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Percent of mean cumulative home range for 8 barred owls over
a 12 month period. The figure illustrates the number of days
required to estimate total home range size. Home range size

. was calculated using the minimum convex peolygon method,
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range size of 282 ha for seven radio~taggéd barred owls but
states that he only collected 270 total usable locations from May

to August, a period of only 4 months. This is a similar to the

home range estimate found by Nicholls and Fuller and is once -

again probably due to the effect of a short study duration
combined with sampling only during summer periods. |
The relocation sample size, length of the sampling periéd,
sampling method, and variation between individual owls will all
affect the estimate of total home range size for barred and
spotted owls (Fig. 8 and 9). Collecting relocations for periods
of less than 10.6 months will Underestihate barred owl héme range
size and periods of less thén 12 months will underestimate
spotted owl home range size. Less intensive sampling strategies
will also tend to skew cumulative home range graphs into a
concave shape so that home range size is underestimated
throughout the year, possibly never reaching a 100% estimation
(Fig. 11 angd 12), This problem is true for both barred and
spotted owls and can be seen in Figure 11 for the Diobsud male
barred owl where a less intensive sampling strategy (one
;eiocafion/ﬁeek) yielded only S0 relocations throughout a 12
month period. The same relationship can be seen in Figure 12 for
the Diobsud male spotted owl which had a similar sampling regime.
Larger sampling intervals (smaller sample sizes) wi1l most likely
miss locating owls in certain portions of their hoﬁe rangeé

throughout the year, thus underestimating home range size. I
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suspect that studies examining habitat use would also obtain

biased results if small, less intensive sampling methods are

employed. Since both barred and spotted owls expand their ranges
significéntlyrduring the winter, missing any portion of this time
period in a sampling-routine will bias results. The cumulative
home range graphs for individual owls can be found in the

.Appendix.

Home range overlap of adjacent barred owls

Figure 13'illustrates the amounﬁ of home range oberlap of
neighboring barred owl individuals in the study area. Mean barred
owl home range overlap is 0.7% (range=0-1.7%, N=6). Barred owls
appeared to rigor&uély defeﬁd their home ranges throughout the
year with little variation in thié behavior between individualé.
i have found that even non-breeding resident owls agggessively
defended their home ranges. Puring ‘the winter, owls made
océasional'short excursions into an adjacent individual's home
range, but these were of short dufation and seldom occurred. ‘The
small home rahge size of the barred owl and sedentary nature of
this bird in the winter, enables this owl to actively defend its

territory throughout the year. Nicholls and Fuller (1987) also

report that barred owls maintain nearly exclusive home ranges,

expel intruders and neighbors from their ranges and vocalize to

advertize the occupancy of their space. They felt that these

behaviors were consistent with the criteria for territoriality.
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Figure 13. Home range boundary overlap.of four neighboring
barred owl individuals. Very little overlap
exists between adjacent territories. Mean home
range overlap is .7% (range=0 - 1.7%, N=6),
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I agree with these observations and feel that barred owl
territories correspond with their home ranges. The extremely
large home ranges of the spotted owl may make an active and
regular defense of home range impossible. It would be
energetically very costly to defend an average spotted owl home
range (over 10 sq. miles)., Thus, A spotted owl territory is
.probably an area surrounding the nest tree and much smaller 'than

the home range area traversed by these birds.

Comparison of home range estimators

Table 7 lists the mean summér home range estimates of barred
and spotted owls using the minimum éonvex polygon, 95% ellipse,
harmonic mean transformation and Fourier transformation
methods. Very little difference exists between the estimators
for this time period. The Fourier analysis gave the smallest
estimate for both species. Otherwisé, there is no consi;tent
reiationship in the home range size estimates between the other
three methods. | |

Mean annual home range estimates for the four estimators can
be found in Table 8. Once again the Fourier analysis gave the
smallest estimate of home range size for both species. A paired
T-test reveals that the Fourier analysis result is significantly
different than the other three estimators for both species. WNo
significant differences could be found between the other three

methods. For barred owls, the estimates from these three
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Table 7. Mean summer (March lst-August 30th) home range estimates in
"~ hectares for 8 barred owls and 4 spotted owls using the
minimum convex polygon, 95% ellipse, harmonic mean trans-
formation and Fourier transformation methods.

HOME RANGE ESTIMATOR

CONVEX POLYGON ELLIPSE HARMONIC MEAN FOURIER
Barred owl 281 . 336 293 270
S.D. 139.3 146.7 133.9 : 124.3
Spotted owl 321 283 ~ 209 207
'S.D. ' 371.3 265.5 145.5 63.6

]
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Table 8. Mean annual home range estimates in hectares for 10 barred
owls and 4 spotted owls using the minimum convex polygon,
95% ellipse, harmonic mean transformation and Fourier
transformation methods.

HOME RANGE ESTIMATOR

CONVEX POLYGON ELLIPSE HARMONIC MEAN FOURLER
Barred owl 644 534 564 393
S.D. 293.,5 - 174.8 234.7 219.0
Spotted owl © 2,816 4,348 3,642 ' 774
s.D. : 2,841 3,730 3,346 339.1
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techniques corfespond closely while the estimate spotted owls are
more variable. The standard deviations for spotted owls are
extremely large and often approach the home range estimate
itself. This may be because spotted owls traverse large areas
and have many distant outlying points which can greatly affect
home range estimation. |

Figure 14 shows the home range boundaries of the Sandy Creek
male spotted owl depicted by the harmonic mean transformation,
95% ellipse and minimum coﬁvex polygon. ﬁokgraphic output was
available for the Fourier transformation. The main difference
between the estimators lies in their definition of home range
boundaries and how these boundaries encompass dutlying points.,
The minimum convex polygon often includes large areas that are
apparently unutilized by the owls, since this method simpiy‘
connects the outer relocation points. Therefore, MCP is very
sensitive to outlyihg locations. The'probability ellipse (95%
éllipse) is the intensity of use of an area as described by a
bivariate normal distribution. The 95% ellipse can als¢ include
large unused areas but to a lesser degree. Therefore, these two
estimators will be more useful for animals that show a preference
for a wide variety of habitat types and use their home range
homogenously, or for areas that have an even distribution of
habitat types throughout the home range.

The harmonic mean transformation provides contours ér

isopleths of use for a sample of relocations .by calculating the




Figure 14,

Isopleth

Minimum Convex Polygon

Home range area of the Sandy Creek male spotted owl"
depicted by the 95% ellipse, minimum convex polygon
and the 25%, 50%, 75%, 95%, and 100% harmonic mean

isopleths. The sample size is for 202 relocations.

Harmonic Mean 100% )
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averageAdistance between a point on avgrid and the animal
locations. Fiqure 14 shows the 25%, 50%, 75%, 95% and 100%
contours. For the purposes of this study the 95% contour was
used to calculate home range size. The metho& automatically de-
emphasizes outlying 1locations. This method also assumes no
specific home range shape and multiple activity centers can be

depicted. It provides an excellent representation of the use of

space and therefore may be the most appropriate technique for

habitat preference studies.

The Fourler analysis (.95 zndex) calculates a utlllzat1on

distribution for a set of data points and also assumes no

specific home range shape, provides a representation of space use
and can depict multiple areas of concentrated use. It is not
clear why this method consistently provided smaller estimates of
a home range since no graphic outpuf was available to me,
Jaremovic and Croft (1987) state that the Four1er analy51s.95
contour index excluded the greatest number of locatlons when
compared to other estimators, resulting in more outliers for
reasons that were not always clear. Thisrmethod,is the least
uhderstood of the four methods used.

As we have seen, the definition of home range is dependent
upon the number of location points used in the calculation and
on the assumptlons used by the models themselves. The minimum

convex polygon uses all data points in a set, lends equal wexght

to each point, and assumes home range can be defined by a convex
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polyébn. The harmonic mean approach assumes no home range shaée,
and can utilize any number of data pointS'desifed by the
fesearcher._ Since area estimation techniques reveal iittle'about
the ecology of an animal, new techniques are needed to examine
the internal anatomy and dynamics of home ranges (Jaremovic and

Croft, 1987).

Reproduction

All barred owl and épottea owl .nest SitesAlocated during the
'study have been found in similar types of tree cavities. A
larger sample of nest sites is needed to determine whether the
dimensions of the cavities required by the birds arevthe same oOr
significéﬁtly different. The similar bod?, tail and wing lengths
of the two species (Table 1) suggest that cavity size
requirements are probably similar. |

Spotted owl reproduction in the study area can best be
described as sporadic. Over a two year period I recorded a
éossible nine nesting opportunities for spotted owl pairs. Only.
one pair bred successfully out of these nine chances and this
pair raised two young. Spottéd owls in western Washington may
breed only once every three years (Harriet Allen, pers. com.}) I
recorded 12 possible'nesting opportunities for barred owl pairs
and six (50%) of these pairs of birds successfully fledged young
-produeing an average of 1.85 young per nest. Some barred owl

pairs have successfully raised young for three consecutive years
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while others have yet to produce young. The higher reproduction
of the barred owl helps explain the rapid range expansion of this
owl into the Pacific Northwest. The low reproductive rate of the
spotted owl may be another symptom of a population stressed by
low food supplies.

I ‘have recorded a limited amount of information on the
nesting chrqnology of barred owls. Barred owls appear to lay
eggs by the end of March with young fledging by the fi:st week in
June. More information is needed to confirm this. These dates
are similar to that reported by Devereaux and Mosher (1984). They
report a mean egqgg date of March 20th (N=6 nests) and a mean
fledging date of May 24th (N=2). They also report that 2.0 young |
" were fledged from 5 active nests.

Before barred owl females lay eggs, I have noﬁiced that
females will begin to ﬁtilize very small home range areas. 1
have defined these as pre-breeding home ranges and calculated the
size of these areas using the minimum convex polygon method. The
mean pre-breeding home range size of 3 female barred owls was
15.7 ha (range=2-40 ha). The function of this behavior is
unkhown. I offér two hypothesis. The first is that female'
barred owls that are carrying eggs should not expoée themselves
to the risk of .damaging developing eggs by hunting. Therefore it
is possible that the male is feeding her at this stage of the
nesting cycle. This feeding would speed up energy accuhulatidn

by the female for egg production and also enable her to conserve
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eneréy by not hunting (Norberg, 1987). The added weight to the
female from egg production already reduces her flight performance
in hunts, on top of an already higher wing loading when compared
to the male. Also, the female obviously has to visit the nest
site in order to lay eggs. I have found pre-breeding home
ranges to be centered around the nest tree. The second
hypothesis concerns pair bonding and mating between the male and
female. Pai;'bonding could occur in a shorter period of time;
and copulations and‘feeding could occur more frequently, if the
male has a precise‘idea of where the female can be found at ‘any
time of the aay or night., This might be especially true for an
owl that is nocturnal and lives in a dense forest canopy with
limited visibility. Although loud vocalizations might accomplish
this same routine, they would also reveal the location of the
nesting area to any predators or competitors.

The meaﬁ date that females restricted themselves fo pre-
breeding home ranges was March 10th (range=Mar.3-Maf.l7, N=3]}.
The mean'date that pre—ﬁreeding home.ranges ended was March 28th
(range=Mar.23-April 8, N=§). This corresponds closely with the
egg laying dates for females; This home range behavior thus

lasﬁed an average of 18 days.

I am exper1ment1ng with a method to attract voung barred

owls to an area to count fledged young to determine o:oduct1v1ty

and possibly determine fledgling mortality over time. I have
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fognd‘young fledged barred owls to be attracted to the pre-
;ecoraed calls of female adult barred owls and the hissing foodv
.begging calls of young birds. lThe‘technique needs ad@itional
evaluation but could be used to repeatedly locate young birds in
an area until they disperse in the fall. To my knowlédge the

method has not been tried on spotted owls.

Conclusion

Spotted owl population densities are much lower than barred
owl densities due to the larger hoﬁe range size of this species.
Since thé spotted owl is an old-growth dependent species, the
removal and fragmentation of old-growth forests may alsoc have the
effect of increasing the home range size of this owl. The
éxtremely large home rangés of spotted owls, smaller home-range
overlap, wide winter wanderings, rapid home range growth
throughout the year, early departure and late return to core
nesting.areas, and low réproductive rate, may be related to the
food habits specialization in this species. These factors could
reflect the behavior of a population stressed by a low food
supply. | |

Researchers that are estimating the home range size of an
animal need to be aware that the total relocation sample size,
sampling interval, length of the sampling period, sampling
method, and variatidn between the home rénge estimatérs used,

will all effect the final home range estimate. The total sample
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size, sampling interval, length‘of the samplihg period, sampling
method, and type of home range estimator used should be clearly
stated. Small sample sizes with long sampling intervals and
short monitoring periods will all underestimate home rangé size.
Large differences in results can be obtained from the same data
set analyzed by different home range estimators. More work is
needed in the field of home rénge estimation to determine whaﬁ
constitutes an adequate sample size for each éétimatof, andw;;
develop technigues to calculate the standard error and

confidence intervals for the most common home range methods used.

ANy
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APPENDIX

The following figures are the cumulative home range graphs for
each individual spotted owl and barred owl radio-tagged, along
with the dates indicating the total period that each bird was
monitored. Co ' ' -
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