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Territories of Flammulated Owls (Otus flammeolus):
I sOccupancy a Measur e of Habitat Quality?

Brian D. Linkhart and Richard T. Reynolds

Abgtract. ——Annud territory occupancy by Flammulated Owls (Otus
Sflammeolus) in Coloradowas evaluated from 1981-1996. Fourteen
territories occurred within a 452 hastudy area. Each year, three to
six territories were occupied by breeding pairs and three to seven
were occupied by unpaired males. Territorieswere occupied by
breeding pairs a mean d 5.1 years (not necessarily consecutive) and
by unpaired malesa mean o 3.9 years (not necessarily consecutive).
Territories most consi stently occupied by breeding pairs contained

the highest percentaged old (200-400years) ponderosa pine/
Douglas-fir, whereas territoriesleast occupied by breeding pairs
contained theleast amount of thisvegetation type.

Littleis known about habitat selection in the
Flammulated On (Otus flammeolus), an insec-
tivorous and migratory species (Balda et al.
1975, Phillips 1942, Ross 1969). Theowl isan
obligatecavity-nester (Earhart and Johnson
1970) and commonly breedsin ponderosapine
(Pinus ponderosa), Jeffrey pine (P. jeffreyd, and
mixed-conifer forests of western North America
(Cannings et al. 1978; Reynoldsand Linkhart
1984, 1987; Sutton and Burleigh 1940; Winter
1974).

A model proposed by Fretwell and Lucas (1970)
suggested that in stable, heterogeneousenvi-
ronments, birdsfirst settle into high-quality
habitats (i.e., habitats in which birds have the
highest reproductivesuccess) until these habi-
tatsare saturated, then settleirto habitats of
poorer quality where reproduction may be
lower. We examined this model d habitat
selection by associating habitat conditionsin
territorieswith the extent to which territories
were occupied by Flammulated Owls. Our
hypothesisis that territories occupied by
breeding pairs every year are the highest
quality. and the poorer-quality territoriesare
occupied only occasionally by breeding adults.
We have assumed that over the study the rela-
tive quality o territories changed little, and
territory boundaries remained relatively stable.

' Wildlife Biologist and Research Wildife Biolo-
gist, respectively, Rocky Mountain Forest and
Range Experiment Station, U.S. Department o
Agriculture, Forest Service, Fort Collins. CO.

Herewe rank 14 territories on the number o
years each was occupied by breeding owls, and
describedifferencesin forest overstorieswithin
territories according to the ranking.

STUDY AREA

The 452 hastudy areawas located in central
Colorado on the Manitou Experimental Forest.
Teller County. Boundariesd the study area
were established during initial surveysin 1980
to include approximately 15 to 20 territoria
Flammulated Owls Forestswithin the study
areaconsisted o (1) ponderosa pine mixed with
Douglas-fir (Pseudotsuga menziesii), generally
on ridgetopsand south- and west-facing
slopes; (2)quaking aspen (Populus tremuloides)
stands, on the bottomsand lower slopesd
moist drainages: (3)quaking aspen stands
mixed with blue spruce (Picea pungens), in
bottoms. lower slopes. and benchesin moist
areas; and (4)Douglas-fir mixed with blue
spruce, at higher elevations and on north-
facing slopes. Tree cutting on the study area
had not occurred since the 1880's, when a light
harvest for railroad tiesoccurred. Therewere a
mean d 1.3 snags and live trees with cavities
per hectare in the study area (Reynoldset .
1985). The study area was surrounded by
forests composed d a similar mix o forest
typesand ages.

METHODS
The study was conducted from May to Septem-

ber. 1981-1996. Each spring and summer, we
searched the entire study area for territorial



males (Marshall 1939). Territorieswere iden-
tified by marking territorial song-treesd males
(Reynoldsand Linkhart 1984), and by using
radio-telemetry during 1982-1983 (Linkhart
1984). Once territory boundaries were deline-
ated, we located all suitable nesting cavities
(tree cavitieswith entrance diameters >4 cm)
within territories and checked each for nesting
owls (Reynoldsand Linkhart 1984). Adults
were captured at nests (occasionallyon perches
or day roosts) and banded with U.S. Fish and
Wildlife Service leg bands (Reynoldsand
Linkhart 1984). Non-nesting owlswere not
usually captured. Each year, we determined
the breeding status o all territorial males by
searching for nests and monitoring the owls
behavior. Unpaired males typically sang
throughout the breeding season, whereas
singing in breeding males dramatically declined
after the pairs eggs hatched (Reynoldsand
Linkhart 1987). Atotal d 69 adults (32males
and 37 femal es) were banded on the study area
inthe 16 years.

Four forest types. distinguished by plurality o
tree species and age (determinedwith incre-
ment borer) o overstory, occurred in the study
area: old (200-400years) ponderosa pine/
Douglas-fir; mature (100-200years) quaking
aspen/blue spruce; mature (75-125 years)
quaking aspen; and young (<100 years)
Douglas-fir/blue spruce. A meadow (grass/
forbs) vegetationt ype wasa so identified on the
study area. Areas o eachtype greater than 0.1
hawere delineated on aerial photographs (scale
1:1,000) of thestudy area. A circlewith radius
of 212 m (meanradiusfor territoriesd Flam-
mulated Owlsdelineated by radio-telemetry
(Linkhart 1984) was inscribed on aerial photo-
graphs corresponding to the area defended by
each territorial mae. The percent area occu-
pied by vegetation types in each "habitat circle’
was determined by overlaying an acetate grid (2
X 2 mm = 10 x 10 m ground-equivalent, 660
total grid squares) on the inscribed circle and
counting the number o squares fully occupied
by each vegetation type. Portions (20-50
percent) d habitat circlesfor four territories
(A2, A7, A13, and A20) extended beyond the
boundsd the study area: for these habitat
circles, we calculated percentagesd vegetation
types that occurred only within the study area
(vegetationtypes were not delineated outside o
the study area). One territory (A40) was ex-
cluded from analysis because its occupancy
status was only determined in 1995 and 1996.

W determined the occupancy status (breeding
pair, unpaired male, or unoccupied)d all terri-
tories each year from 1981-1996. Frequency of
occupancy status was compared among terri-
tories using a contingency table. We used
Spearman rank correlation (Snedecor and
Cochran 1967) to determineif the number o
years territories were occupied by breeding
pairswas correlated with the percent o vege-
tation typeswithin habitat circles. The null
hypothesiswas no correlation o occupancy
with vegetation types. For all tests, results
were significantif P < 0.05.

RESULTS

Fourteen territories occurred on the study area
from 1981-1996 and each was occupied by
breeding pairs and unpaired malesamean of
8.9 years (SD = 4.6. range = 3-16'years) (years
not necessarily consecutive) (table 1). Each
year three to six territorieswere occupied by
breeding pairs and three to seven territories
were occupied by unpaired males. Most ter-
ritoriesremained relaively fixed in space over
the 16 year study, with two notabl e exceptions.
The A24 territory was only occupied from 1981-
1983. In 1984, the maein an adjacent terri-
tory (A29) expanded his movementsand activi-
tiesinto much $ theareaformerly in A24
territory. A portiond A15 territory, only
occupied from 1981-1984, wasincorporated in
the same manner in 1985 by the A8 mae.

Territorieswere occupied by breeding pairsa
mean o 5.1 years (SD = 4.1, range = 0-14
years) (years not necessarily consecutive) (table
1). Rateand typed occupancy differed among
territories (X2 =95.6, d.f. = 22, P< 0.001). Two
territories (Adand A29) were occupied by
breeding pairsfor 12 or moreyears, while eight
territories (A12, A7, A15. A24, A18, A27, A20,
and A2) were occupied by breeding pairs for 4
or fewer years (tablel). Territorieswere
occupied by unpaired malesa mean 3.9 years
(SD = 3.0, range = 0-10 years) (yearsnot
necessarily consecutive) (table 1). Two
territories (A12and A18) were occupied by
unpaired males 9 or more years and two (A15
and A24) were never occupied by unpaired
males (table1). Six territories(Al2, A7, Al8,
A27, A20, and A2) were occupied more often by
unpaired males than breeding pairs (table1).

Territoriesoccurred throughout the study area
and the mean percent vegetation composition
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Table 1.—Number d yearstaritorieswere
occupied by Flammulated Owls (Otus
flammeolus) in Colorado. 1981-1996.

Number of veerseccupied by  Totd years
Territory Bresding pairs Unpared mdes oooupied
A4 14 1 15
AD 12 4 16
A8 7 6 13
All 7 4 11
Al13 7 2 9
Al0 6 3 9
Al12 4 9 13
A7 3 5 8
AlS! 3 0 3
A24? 3 0 3
Al8 2 10 12
A27 2 5 7
AD 1 2 3
A2 0 3 3
MEAN 5.1 39 8.9
SD 4.1 3.0 4.6

' Na oooupied dfter 1984 when A8 mele expanded his
temitory into parionsd AlS.

2 Nat cooupied after 1983 when A mdle eqpanded his
teritory into mog d A24.

within habitat circleswas similar to the percent
vegetation composition o the entire study area
(table 2). Thus, Flammulated Owls appeared to
use all availablehabitats within the study area
(sensu Fretwell and Lucas 1970). However,
individual habitat circles contained from 27 to
94 percent old ponderosa pine/Douglas-fir.
Four habitat circles(A4, A15, A24, and A29)
contained more than 75 percent old ponderosa
pine/Douglas-fir, while five habitat circles (A12,
Al18. A27, A20, and A2) contained less than 50
percent o thistype (table2). Habitat circles
also contained from O to 65 percent young
Douglas-fir/blue spruce, and four habitat
circles(A12, A18, A20, and A2) contained more
than 45 percent d this type, whileeight habitat
‘circles(a4, A29, A8, Al1, A10. A7. Al15, and
A24) contained less than 10 percent (table2).

Occupancy d territories by breeding pairs was
positively correlated with the amount o od
ponderosa pine/Douglas-fir in habitat circles
(r,=0.75. P<0.01. n = 12). and was negatively
correlated with the amount o young Douglas-
fir/blue spruce in habitat circles(r, = -0.72, P<
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0.01, n = 12) (A15and A24 were omitted from
the rank correlation. since these territories
were subsumed by males in adjacent territor-
ies). Thus, territoriesmost frequently occupied
by breeding pairs had habitat circlescontain-
ing the highest percentagesd old ponderosa
pine/Douglas-fir and theleast percentagesof
young Douglas-fir/blue spruce. Occupancy of
territories by breeding pairswas not correlated
with mature blue spruce/quaking aspen (r, = -
0.04. P=0.90. n = 12). mature quaking aspen
r,=0.49, P=0.11, n = 12), or meadow (r, =
0.45, P=0.20, n = 12), in habitat circles.

DESCUSS NG

We distinguished three categoriesd years that
breeding pairs occupied territories: (1) 12 or
moreyears, (2)6 and 7 years, and (3)4 or
fewer years. Territories occupied 12 or more
years (Adand A29) had habitat circles contain-
ing more than 75 percent old ponderosapine/
Douglas-fir, with less than 13 percent of any
other vegetation type. Territoriesoccupied for
6 and 7 years (A8, All, A13, and A10) had
habitat circles containing 54-74 percent old
ponderosa pine/Douglas-fir, with up to 35
percent o the other vegetation types. Terri-
tories most often occupied by unpaired males
and rarely by breeding pairs (Al12, A7, Al8,
A27, A20, and A2) had habitat circlescontain-
ing 27 to 68 percent old ponderosapine/
Douglas-fir. with up to 65 percent o the other
vegetation types. Two territories, A15 and A24,
were occupied for only 3yearsby breeding
pairs and had habitat circles containing more
t han 78 percent old ponderosa pine/Douglas-
fir. However, portions of these territories were
taken over by adjacent territorial males (A8 and
A29, respectively)in 1984 (A24) and 1985
(A15).

Territoriesthat were occupied by breeding
pairs most o the 16 years also produced the
most owlets (> 16 total young, unpubl. data)
over the study. Theseterritorieslikely confer
the greatest fitness to individualsand may act
as sources o owlsto occupy other habitats
(sensu Pulliam 1988). Territoriesthat were
most often occupied by non-breeding owls
produced the fewest owlets (< 8, unpubl. data),
and may act as sinksfor the population (sensu
Pulliam 1988).

Our long-term data suggests that territory
occupancy may be an indicator o habitat
quality for Flammulated Owls. Old ponderosa
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Table 2.—Percent vegetation composition in Flammulated Owl (Otus flammeolud habitat circlesin
Colorado. ranked by number d years territories were occupied by breeding pairs, 1981-1996.

Old Yauyg Mature Mature Mesdow
(200400 yr) (<100 yr) (100-200yr) (75-125 yr)
ponderosa pine/ DouglasHir/ bluespruce/ quaking agoen
Territory DouglesHfir bluespruce  queking agoen
A4 94 0 0 6 0
AD 76 3 12 6 3
A8 72 7 0 16 5
All 55 6 33 6 0
Al3' 54 35 1 0 0
Al0 74 5 21 0 0
Al2 32 46 18 4 0
A7 68 0 0 32 0
A15? 87 7 0 6 0
A24® 79 2 8 11 0
Al18 27 65 8 0 0
A27 42 41 17 0 0
A20 36 51 12 1 0
A2 49 47 4 0 0
Memn 60 23 10 6 1
D 21 23 10 9 2
Sudy Area 58 27 11 3 1

' Raroat overstory in habitat drdes (seetext) presanted only for the propartion o drdesoccurringwithin the Sudy

aea

* N oooupied after 1984 when A8 mele eqoended histerritory into portionsof A1S.
* Nat oooupied after 1983 when AD mele expandad his temtory into mogt of A24.

pine/Douglas-fir appears to be the best
breeding habitat for the owls; territories most
consistently occupied by breeding pairs had
habitat circlescontaining the highest
percentage o thisvegetation type, while
territoriesleast occupied by breeding pairs had
habitat circles containing the least amount of
thisvegetation type Breeding by owls
occurred less oftenin territories where habitat
circlescontained higher percentages of young
Douglas-fir/blue spruce. Other vegetation
types (mature blue spruce/ quaking aspen,
mature quaking aspen, and meadow) occurring
in habitat circleswere not correlated with the
number d years territories were occupied by
breeding pairs. The extent to which territory
occupancy isan indicator d habitat quality in
Flammulated Owils requires corroboration by
correlating habitat structure and floristics with
other demographic parameters, such as
reproduction, survival, tenure, and fiddity o
owls on territories.

A correlation between territory occupancy and
territory quality was found in other birds. Ter-
ritoriesmost often occupied by breeding pairs
contained the highest-quality habitats in black-
billed Magpies(Pica pica) (Baeyens 1981).

Bobol i nks (Dolichonyx oryzivorus) (Bollinger
and Gavin 1989). Tengmalm's Owl (Aegolius
funereus) (Korpiméki 1988), and European
Sparrow-hawks(Accipiter nisus) (Newton and
Marquiss 1976, 1982).
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