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Abstract. We studied the dispersal patterns of an insular population of California Spotted
Owls (Strix occidentalis occidentalis) in southern California from 1987-1998. The study
area encompassed the entire San Bernardino Mountains and included a nested, 535-km?
study area which we used to evaluate the effects of study area size on dispersal parameter
estimation. One hundred and twenty-nine of the 478 banded juvenile owls (27%) had entered
the territorial population by 1998. Over half of the successful dispersers became territorial
within one year. Additionaly, al females and 95% of the males occupied territories within
three years. Twenty-three sibling pairs and one set of triplets dispersed successfully. Sibling
dispersal distances were not correlated. Sixty-seven males and 62 females dispersed 2.3—
36.4 km (mean = SD = 10.1 = 7.6 km) and 0.4-35.7 km (mean = SD = 11.7 * 8.1 km),
respectively. The difference between male and female mean dispersa distances was not
significant. Dispersal distance and first-year survival were underestimated when using data
collected within the smaller, nested study area. The presence of conspecifics may play a key
role in the settling process. Seventy-eight percent of the dispersers settled in territories that
were occupied by either pairs or single owls the previous year, 16% settled in vacant ter-
ritories next to occupied sites, and 6% settled at sites of unknown occupancy. No owls
settled at unoccupied sites that were not adjacent to occupied sites.

Key words: conspecific attraction, dispersal, floaters, landscape composition, recruit-
ment, Spotted Owl, Strix occidentalis occidentalis.

Dispersion Natal de Strix occidentalis occidentalis: Descripcion de la Dispersion de una

Poblacion Insular

Resumen.  Estudiamos los patrones de dispersion de una poblacion insular de lechuza mo-
teada californiana (Strix occidentalis occidentalis) en e sur de California, desde 1987-1998. El
area de estudio comprendio las montafias de San Bernardino e incluy6 un sito de estudio de 535
km? incluido en esta zona @ cual usamos para evaluar € efecto del tamafio del area de estudio
parala estimacion de los parametros de dispersion. Hasta 1998, 129 de las 478 lechuzas juveniles
marcadas (27%) habian entrado ala poblacion territorial. Mas lamitad de |os dispersores exitosos
se hicieron territorides a cabo de un afio. Adicionamente, todas las hembras'y € 95% de los
machos ocuparon territorios a cabo de tres ahos. Veintitrés pares de hermanos y un triplete se
dispersaron exitosamente. La distancia de dispersion entre hermanos no se correlaciond. Sesenta
y siete machos y 62 hembras se dispersaron 2.3-36.4 km (media = 10.1 *= 7.6 km) y 0.4-35.7
km (media = 11.7 = 8.1 km), respectivamente. La diferencia entre la media de la distancia de
disperson entre hembras y machos no fue significativa. La distancia de dispersion y supervi-
vencia del primer afio fueron subestimadas cuando se utilizaron los datos colectados en la sub-
area de estudio de menor tamafo. La presencia de conespecificos puede representar un factor
clave en € proceso de asentamiento. Setenta'y ocho por ciento de los dispersores se asentaron
en territorios que habian estado ocupados por pargjas o lechuzas no emparejadas € afio anterior,
el 16% en territorios no ocupados proximos a sitios ocupados, y € 6% se asentd en sitios con
ocupacion desconocida. Ninguna lechuza se asentd en Stios desocupados que no estuvieran
adyacentes a un sitio ocupado.

INTRODUCTION

Dispersal is a fundamental aspect of the life his-
tory of all living things (Comins et al. 1980). It
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is the mechanism by which a species maintains
its current distribution (Greenwood 1980), re-
occupies vacated habitats, and expands its range
(Howard 1960, Comins et al. 1980, Paradis et
al. 1998). Dispersal aso allows species to have
discontinuous distributions (Howard 1960) and
is a fundamental contributor to population syn-
chrony (Paradis et al. 1998), population regula-
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tion (Greenwood 1980), and reduced extinction
probability (Comins et a. 1980). Dispersal also
influences population genetics by influencing
gene flow, inbreeding, and outbreeding (Howard
1960, Greenwood 1980, Dobson and Jones
1985, Tonkyn and Plissner 1991, Paradis et a.
1998).

The Spotted Owl (Strix occidentalis) is a for-
est-dwelling species that ranges from south-
western Canada to central Mexico (Gutiérrez et
al. 1995). It has been intensively studied for
nearly three decades (Forsman et al. 1984, Ver-
ner et al. 1992, Franklin et a. 2000). This is
primarily due to the owl’s affinity for forests of
high commercia value (USDI 1990, 1993). Log-
ging often makes these forests unsuitable for
Spotted Owls (Forsman et al. 1984). This has
left many of the remaining suitable habitat
patchesisolated in highly fragmented landscapes
(USDI 1990, 1993). Dispersal is a key demo-
graphic process that is critical for understanding
the population dynamics of this species, partic-
ularly in fragmented landscapes.

One major problem associated with the mea-
surement of dispersal is study area size (Barrow-
clough 1978, Baker et al. 1995, Koenig et al.
2000). Most study areas are not large enough to
provide an adequate sample of the longest dis-
persal distances. Unless the potential for recov-
eries is uniformly distributed for al distances
and directions, estimates of dispersal will be bi-
ased (Barrowclough 1978). In addition, the like-
lihood of a disperser leaving the study area in-
creases the closer a natal site isto the study area
boundary (Barrowclough 1978). These same is-
sues are relevant when estimating survival (Bak-
er et al. 1995). Koenig et a. (2000) reasoned
that the most reliable dispersal data is recorded
in isolated populations or extremely large study
areas where the edge to interior ratio is mini-
mized. We report dispersal distances, survival of
dispersing owls, and settlement patterns ob-
served during a long-term demographic study of
alarge, insular population of California Spotted
Owls (S. 0. occidentalis) in southern California

METHODS

STUDY AREA

The study area is located in the San Bernardino
Mountains (34°10'N, 117°00'W) approximately
140 km east of Los Angeles, California. Eleva-
tions range from 800 m to 3500 m. The climate

is Mediterranean with most of the precipitation
falling during the winter months (Fujioka et al.
1998). Annual precipitation ranges from 50-100
cm depending on location, elevation, and topog-
raphy (Minnich 1988).

The San Bernardino Mountains are one of a
series of mountain ranges that rise above exten-
sive desert (Vasek and Barbour 1988) and semi-
desert (Mooney 1988) vegetation typesin South-
ern California (Noon and McKelvey 1992,
LaHaye et a. 1994). These mountain ranges are
mesic compared to the surrounding lowlands,
which alows them to support a diverse assem-
blage of shrub and forest vegetation types (Min-
nich 1998). Vegetation types most commonly
used by Spotted Owls in southern California are
mixed evergreen (Sawyer et a. 1988) and mon-
tane forests (Thorne 1988). These forests occur
as isolates above ~1200 m elevation (Noon and
McKelvey 1992, LaHaye et al. 1994) and oc-
cupy ~2% of the southern California landscape
(Fig. 1; Scott et al. 1993).

We established two sampling areas within the
study area In 1987, we established the 535-kn?
Big Bear Study Area (BBSA) centered on the ma-
jority of the Spotted Owl locations known at that
time. In 1989, we established the 2137-km? San
Bernardino Mountains Study Area (SBMSA),
which encompassed the entire mountain range, in-
cluding the BBSA (Fig. 1).

SURVEY EFFORT

Each year we systematically surveyed al pre-
viously occupied Spotted Owl locations as well
as all other forested vegetation. Nighttime sur-
veys were conducted by imitating Spotted Owl
vocalizations for a minimum of 15 min at each
call point (spaced ~0.8 km apart) or by calling
continuously while walking designated survey
routes (Forsman 1983, Franklin et al. 1996). The
locations of nighttime surveys were chosen sys-
tematically to cover al forested habitat a mini-
mum of three times per year. We typically per-
formed about 500 nighttime surveys annualy.
Upon detecting an owl, we recorded the time
of the response, sex of the owl, and its location.
We returned to the area of each response at dawn
and attempted to relocate the owl(s). When an
owl was relocated, standard techniques were
used to determine its socia status (paired or sin-
gle) and number of young produced (Forsman
1983, Franklin et al. 1996). We performed ap-
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FIGURE 1. The distribution of the vegetation types that support Spotted Owls in California, and the Big Bear
and San Bernardino Mountain Spotted Owl study areas. Vegetation data from Scott et al. (1993).

proximately 575 owl encounter surveys annual-
ly.

BANDING

We attempted to capture and band all Spotted
Owls located using a noose pole or mist net. All
owls captured were banded with locking, au-
minum leg bands. Additionally, we banded adult
and subadult owls with a combination color-
band and tab that uniquely identified each indi-
vidual. Juveniles were fitted with a color band
unique to each cohort. Owls originally banded
as juveniles were recaptured and fitted with a
unique color band when they entered the terri-
torial population. We identified previously color-
banded owls using binoculars and determined
the sex of nonjuvenile owls by voice, behavior,
or morphological measurements (Forsman 1983,
Franklin et a. 1996). Sex of juvenile owls was
not determined until they were recaptured.

STATISTICAL ANALY SES

Time to recruitment. We examined the capture
histories of dispersing owls and the occupancy
histories of territories where recruitment oc-
curred to estimate time (years) to recruitment.
Owls with uncertain capture histories and terri-
tories with ambiguous occupancy histories were

removed from the anaysis. Mean time to set-
tling between sexes was compared using a t-test.

Dispersal distance. We used Pearson correla-
tion coefficients to evaluate the correlation be-
tween sibling dispersal distances. Mae and fe-
male mean dispersal distances were compared
using a t-test. Successful dispersal has been de-
fined as occupying a territory and becoming re-
productively active (Howard 1960). Because
some of our dispersed owls had successfully re-
produced and others had not, we compared the
mean dispersal distances between successful
owls and owls which had not fledged young us-
ing at-test.

Because al territories in the study area were
within the maximum dispersal range recorded
for this species (Gutiérrez et a. 1985, Miller and
Meslow 1985, Gutiérrez et a. 1996, Ganey et
a. 1998), we calculated the distances between
al known territory centers and considered the
distribution of interterritory distances to repre-
sent the potential distribution of random dis-
persal distances. Territory centers were defined
by nest locations or by roost locations when no
nests were known for a territory. The most cen-
tral nest or roost was used as the territory center
when multiple nests or roosts were known. The



694 WILLIAM S. LAHAYE ET AL.

distributions of interterritory and dispersal dis-
tances were compared using chi-square analysis.

Sudy area size. We evaluated the effect of
study area size on estimates of time to settling
and dispersal distances by comparing data col-
lected within the BBSA to all other data from
the SBMSA using a t-test. We evaluated immi-
gration, emigration, and recruitment by compar-
ing natal and post-dispersal settling locations.

We estimated survival using programn MARK
(White and Burnham 1999) with three different
data sets to evaluate the effect of study areasize
on estimates of survival. We modeled first-year
survival using fledglings originally banded and
recaptured within the BBSA, fledglings banded
in the BBSA that were recaptured anywhere
within the SBMSA, and first-year survival using
al fledglings banded and recaptured within the
entire SBMSA. We did not assess the fit of the
data or estimate **c-hat”” to correct for overdis-
persed variance (Anderson et al. 1994) because
we were mainly interested in the relative differ-
ences in survival estimates among the various
study area sizes and not in model selection or
accuracy of the estimates. Model notation fol-
lowed Lebreton et a. (1992), survival and re-
capture probability were modeled identically for
all three data sets, and the structure of the model
WasS (bg .o Pae.a), Where b = apparent surviv-
al, P = recapture probability, sl = first year sub-
adults, s2 = second year subadults, and a =
adults.

Settling behavior. We evaluated the hypothe-
sis of social facilitation in settling by examining
the previous year's occupancy and socia status
of occupants at sites where owls settled. Spotted
Owls exhibit high fidelity to their breeding sites
and are relatively long-lived (Forsman et al.
1984, Gutiérrez et al. 1995). Thus, we felt this
evaluation provided a reasonable approximation
of social status of owls occupying territories
near the time of recruitment. We compared oc-
cupancy in the previous year and social status
of occupants at territories where settlement oc-
curred to overall territory occupancy and social
status in the SBMSA for al years using chi-
square analysis.

Some sites were only occasionally occupied
by Spotted Owls. We labeled these sites *‘fre-
quently vacant’” and defined them as sites that
were unoccupied in at least 50% of the seasons
they were surveyed. We then assessed reproduc-

tion at these sites to evaluate their potential to
support breeding Spotted Owls.

Landscape analysis. We used a vegetation
classification produced from Landsat imagery
(Smith et d., in press) to derive a habitat map
that consisted of four categories. owl nesting
and roosting habitat, owl foraging habitat, non-
forested habitat, and other non-owl habitats. We
used this classification to estimate the proportion
of the study area supporting ow! nesting and for-
aging habitat. All t-tests were two-tailed, means
are reported = SD except where noted, and sig-
nificance is set at P < 0.05.

RESULTS

SURVEYS, BANDING, AND RELOCATION OF
OWLS

Between 1987 and 1998, we surveyed up to 148
territories annually (Table 1). The percentage of
territories occupied varied from 59% to 95% and
the number of pairs monitored ranged from 32
to 90. Between 1992 and 1998, the percentage
of the territorial population that was banded pri-
or to each field season averaged 92 = 3% (range
86-96%, Table 1).

Between 1987 and 1997 we located 524 fledg-
lings and banded 478 of them. Sixteen of the 46
unbanded owlets were either found dead or we
suspected they died prior to capture attempts and
dispersal. Thus, we banded 94% (478 of 508) of
the fledglings we detected during the study pe-
riod.

We recaptured 129 (27%, 62 females and 67
males) territorial owls initially banded as fledg-
lings. Dispersing owls took up to four years to
enter the territorial population. However, 61% of
recruited females (n = 46) and 62% of recruited
males (n = 59) occupied a territory within one
year of fledging. Settling time was similar be-
tween sexes (t,, = 0.5, P = 0.63). All females
and 95% of males occupied territories within
three years.

DISPERSAL DISTANCE

Twenty-three sibling pairs and one set of triplets
successfully dispersed. Sibling dispersal distanc-
es were not correlated (r = 0.17, P = 0.43).
There was no difference between mean dispersal
distances of owls which had successfully repro-
duced and owls which had not reproduced (t,,;
= —04, P = 0.7). Thus, successful and unsuc-
cessful owls were pooled for the remainder of
the analyses. Mean dispersal distances were 10.1
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TABLE 1. Spotted Owl survey effort and banding activity between 1987 and 1998 in the San Bernardino

Mountains of southern California.

Territories Territorial owls )
Juveniles

Number Number Number number

Year surveyed % occupied pairs singles % banded? banded
1987 42 95 32 8 0 15
1988 78 95 56 18 42 16
1989 115 90 81 23 42 52
1990 127 86 20 19 72 47
1991 132 76 86 12 79 44
1992 136 65 78 11 91 49
1993 141 63 78 11 90 52
1994 143 68 84 13 86 70
1995 145 70 86 15 93 38
1996 146 67 89 9 93 54
1997 147 62 80 11 96 41
1998 148 59 76 11 95 23

aPercent of the territorial population banded prior to each field season, including newly recruited territorial owls.

+ 7.6 km (range 2.3-36.4 km) for males and
11.7 = 8.1 km (range 0.4-35.6 km) for females
(Fig. 2). No owls settled in their natal territories
and dispersal distances were similar for both
sexes (t;,; = 1.1, P = 0.25).

The distribution of potential dispersal distanc-
es (mean = 24.3 += 14.1 km, range 0.4—71.8 km,
n = 10 731), estimated from the distribution of
interterritory distances, was different than the
distribution of actual dispersal distances (mean
= 109 * 7.8 km, n = 129; 2, = 164.9, P <
0.01). Dispersal distances occurred more fre-
quently than expected in the shorter distance

30

classes and less often than expected in the longer
distance classes.

EFFECT OF STUDY AREA SIZE

Estimates of time to settling within the BBSA
and all other dispersalsin the SBMSA were sim-
ilar (t,o, = 0.57, P = 0.57). The mean dispersal
distance of owls that fledged and settled within
the BBSA (9.9 = 5.8 km) was different than the
mean dispersal distance of owls that dispersed
beyond the BBSA boundary (13.6 = 6.8 km; t,5
—-2.6, P = 0.01).
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FIGURE 2. Distribution of dispersa distances for female and male Spotted Owls in the San Bernardino

Mountains, California, 1988—1998.
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SURVIVAL, SETTLING BEHAVIOR, AND
SUITABLE HABITAT

First-year apparent survival was 0.219 (SE =
0.030) for juveniles that fledged and settled
within the BBSA, 0.262 (SE = 0.032) for ju-
veniles fledged in the BBSA that were recap-
tured anywhere within the SBMSA, and 0.318
(SE = 0.025) for al juveniles banded and set-
tling within the SBMSA. During the period of
study, owls that fledged within the BBSA ac-
counted for 68% (n = 66) of known-age recruits
within the BBSA.

Sixty-six percent of the dispersers settled at
sites that were occupied by a pair of owls the
previous year, 15% settled at sites that were va-
cant the previous year, 12% settled at sites that
were occupied by a single owl, and 6% settled
at sites where the previous year's occupancy was
unknown. Thus, 78% of the dispersers settled at
sites that were known to be occupied the pre-
vious year. This ratio (101:28) was different (x?,
= 6.9, P < 0.01) than the expected mean oc-
cupancy ratio estimated from all known Spotted
Owl territories for al years (87:42). Thus, owls
were more likely to settle at sites that were oc-
cupied the previous year. In addition, al previ-
ously vacant territories (n = 20) where owls set-
tled were adjacent to occupied sites.

We identified 39 owl sites that were frequent-
ly vacant during the study period. Sixty-one per-
cent of these sites fledged young in at least one
year and 28% fledged young in two or more
years. Thus, many frequently vacant sites were
capable of supporting reproduction when occu-
pied. Nineteen percent of the SBMSA was po-
tentially suitable nesting or roosting habitat and
an additional 6% was suitable foraging habitat.
Thus, approximately 24% of the SBMSA sup-
ported potential Spotted Owl habitat.

DISCUSSION

Vegetation types that support Spotted Owls in
southern California are rare and occur in isolates
on only 2% of the landscape (Fig. 1). In addi-
tion, it is not known how effectively Spotted
Owls disperse across the extensive matrix of de-
sert and urbanized environments that currently
exist between mountain ranges. Despite having
conducted Spotted Owl surveys in the two
mountain ranges nearest the SBMSA (Gutiérrez
and Pritchard 1990, LaHaye et a. 1994), we
know of no intermountain dispersals for this
species in this region. This insular setting pro-

vided an exceptiona opportunity for studying
Spotted Owl dispersal.

While it is possible that some of the juveniles
from the SBMSA settled in adjacent mountain
ranges, we believe such dispersal events are
rare. However, we assume some movement be-
tween mountain ranges must occasionally occur
if a Spotted Owl metapopulation exists in the
region (Noon and McKelvey 1992, LaHaye et
al. 1994, Gutiérrez and Harrison 1996). Thus, it
is possible this population has a bimodal distri-
bution for dispersal distance. Alternatively, ex-
tensive environmental changes (e.g., urbaniza-
tion, habitat conversion for agriculture, water di-
version, wind-driven electric power generation,
etc.) that have occurred in southern California
during the past century may have reduced the
rate of intermountain dispersal.

TIME TO SETTLING

Approximately 40% of the dispersing owls dur-
ing this study required two to four years to be-
come territorial. Franklin (1992) reported a sim-
ilar estimate for male Northern Spotted Owls (S,
0. caurina) in northwestern California. However,
al of the females during his study settled by age
two. Raphael et a. (1996) reported that 40% of
banded, juvenile Northern Spotted Owls in
Washington and Oregon were resighted one year
after banding. The remaining 60% were resight-
ed at 2-5 years of age. Thus, some individuas
in al three studies remained floaters for multiple
years.

Because some owls took four years to become
territorial, we have complete data from only the
first several cohorts. Thus, it is likely that our
results exaggerate recruitment in the first two
years of life and underestimate total recruitment
from later cohorts. Early recruitment may have
been further amplified due to this population’s
apparent decline during the last decade (LaHaye
et a. 1994). That is, the increased territory va-
cancies may have enhanced earlier recruitment.
Alternatively, settling may have been postponed
due to lack of mates (see our discussion of con-
specific attraction below).

DISPERSAL DISTANCE

Dispersal distances for Spotted Owls in other
populations range from 5.8 km (Ganey et a.
1998) to 56 km (Gutiérrez et al. 1996). However,
comparing dispersal characteristics between
populations was not possible due to the small
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sample sizes in those studies. Several studies of
Spotted Owl dispersal using radio-telemetry
(Miller et al. 1997, Ganey et a. 1998, Willey
and van Riper 2000) reported median, maxi-
mum, or net dispersal distances which ranged
from 0.6 to 72.1 km. These distances reflected
not only owls that survived and settled, but also
owl deaths, transmitter failures, and lost signals.
Thus, direct comparisons between these distanc-
es and our results are not appropriate.

Keppie (1980), Newton and Marquiss (1983),
and Massot et al. (1994) found that sibling dis-
persal distances were highly correlated in
grouse, Sparrowhawks (Accipiter nisus), and
vertebrates in general, respectively. These au-
thors suggested that analyses should compensate
for the problem of nonindependence of sibling
data. However, sibling dispersal distances were
not correlated in our study.

In contrast to many bird studies (Greenwood
1980, Liberg 1985, Pusey 1987, Ellsworth and
Belthoff 1999), we did not detect female-biased
dispersal distances. Clarke et al. (1997) showed
that not all species exhibit sex-biased dispersal,
and they reported that sex-biased dispersal
should not be considered constant, even within
a species. Thus, while sex-biased dispersal does
not appear to exist in this population, it may
occur in the Northern Spotted Owl (E. Forsman,
pers. comm.; A. Franklin, pers. comm.). How-
ever, we are unaware of any other published re-
sults addressing this issue for this species.

EFFECT OF STUDY AREA SIZE

Spotted Owls in the San Bernardino Mountains
had a mean dispersal distance that was roughly
half the mean interterritory distance. Although
dispersal distances for this species appeared lon-
ger in other studies (Gutiérrez et al. 1996, Miller
et al. 1997, Ganey et a. 1998, Willey and van
Riper 2000), this difference may be due to the
insular nature of our study area, undetected
movements to adjacent mountain ranges, or dif-
ferences in methodol ogies among studies. How-
ever, Dale (2001) suggested that natal philopatry
(i.e., reduced dispersal distances) may be the op-
timal dispersal strategy for isolated populations.

Study area size may affect estimation of dis-
persal distance and survival (Barrowclough
1978, Baker et a. 1995, Koenig et al. 2000).
Thiswas true in our study; estimates of dispersal
distance increased nearly 40% when we includ-
ed owls dispersing beyond the BBSA boundary.
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In addition, our estimates of survival increased
20% and 60% when we included recaptures
from progressively larger areas. However, we
minimized most of the problems associated with
small study area size by conducting our research
on an entire, relatively large, insular population.

SETTLING BEHAVIOR

Nearly two-thirds of the frequently vacant sites
had records of successful fledging. Thus, the
majority of these sites were not only capable of
supporting owls, but were also capable of sup-
porting reproduction when occupied. Therefore,
we did not believe that these sites remained va-
cant simply because they were incapable of sup-
porting Spotted Owls. Consequently, it was not
clear why dispersing owls remained floaters
when numerous vacant territories were avail-
able.

The majority of dispersing owls settled in or
adjacent to sites that were occupied the previous
year. Additionally, owls at some consistently oc-
cupied sites failed to fledge young, while several
frequently vacant sites supported high survival
and reproduction when they were occupied.
Thus, the presence of unoccupied, suitable hab-
itat did not necessarily promote settling, and the
presence of aterritorial conspecific did not guar-
antee that a site would support reproduction.
Both of the above indicated that finding a mate
may take priority over selecting the ‘“‘best”
available territory when settling. This suggests
that conspecific attraction may play a vital role
in the recruitment of dispersing Spotted Owlsin
this population.

Conspecifics may provide cues to the exis
tence of suitable habitat and mates (Kiester
1979, Stamps 1987, Muller et a. 1999). This
may be crucial for species like the Spotted Owl
which occupy large home ranges and spatially
variable habitats (Gutiérrez et al. 1995, Smith et
a., in press). Thus, individuals may disperse
preferentially to occupied sites (Ray et al. 1999,
Stephens and Sutherland 1999). Additionally,
vacant sites may indicate that the habitat is un-
suitable for long-term occupancy (Smith and
Peacock 1990). Ultimately, cueing on conspe-
cifics may lead to increased success of dispers-
ing individuals (Ray et a. 1999).

Given the numerous vacant territories and
high turnover rates we recorded previously
(LaHaye et al. 1992), we may have observed
dispersal during a period with above average op-
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portunities for recruitment. Alternatively, if con-
specific attraction explained settling patterns in
this population, higher territory occupancy rates
might have promoted increased recruitment. The
latter suggests that recruitment may have been
below average during this study.

LANDSCAPE COMPOSITION

Numerous workers have modeled the effect of
the proportion of suitable habitat on dispersal
success (Lande 1988, Doak 1989, Noon and
McKelvey 1992, Lamberson et a. 1992, 1994,
Ruckelshaus et al. 1997). The consensus is that
the likelihood of successful dispersal increased
with the proportion of suitable habitat in the
landscape. Harrison et a. (1993) reviewed most
of the habitat modeling work done on the Spot-
ted Owl and estimated that the critical threshold
for the proportion of suitable habitat was around
20%. Additionally, Lamberson et a. (1992) in-
dicated that their modeling determined that the
problems associated with site and mate search
became insurmountable once suitable habitat fell
below 15%.

Potential Spotted Owl habitat constituted 24%
of our study area. Thiswas very near the thresh-
old values estimated from models of Spotted
Owl persistence in the Pacific Northwest (Lande
1988, Doak 1989, Lamberson et al. 1992, Mur-
phy and Noon 1992). Interestingly, the San Ber-
nardino Mountains probably contained a higher
percentage of potential Spotted Owl habitat than
most of the other mountain ranges in Southern
California where Spotted Owls occur. Noon and
McKelvey (1992) recognized this and suggested
that many of the subpopulations have an insular
structure at both landscape and local scales.

Spotted Owls have been recorded from south-
ern California (Xantus 1859) and northern Baja
Cadlifornia (Bryant 1889, Anthony 1893) for
more than a century. Yet, with landscapes so de-
pauperate in suitable habitat it is difficult to ex-
plain this species regional persistence. Behav-
ioral adaptations such as natal philopatry, lack
of sex-biased dispersal distance, and conspecific
attraction may be several adaptations that have
aided this species’ surviva in the isolated patch-
es of forest found in southern California

ACKNOWLEDGMENTS

We express our appreciation to the field crews that
assisted in collecting these data. We thank San Ber-
nardino Nationa Forest and the personnel of the Big

Bear Ranger District for their cooperation and assis-
tance during this study. We also thank G. Gould, J.
Palmer, J. Verner, D. Solis, and J. Robinson for their
support. The California Department of Fish and Game,
California Department of Natural Resources, Southern
Cdifornia Edison, Region 5 USDA-Forest Service
(contract #FS/53-91S8-00-EC14 to RJG), Pacific
Southwest Forest and Range Experiment Station,
Snow Summit Mountain Resort, Big Bear Mountain
Resort, and Salad King, Inc. provided funding for this
project. We thank E. Forsman and D. Willey for pro-
viding constructive comments which improved this
manuscript.

LITERATURE CITED

ANDERSON, D. R., K. P BUurRNHAM, AND G. C. WHITE.
1994. AIC model selection in overdispersed cap-
ture-recapture data. Ecology 75:1780-1793.

ANTHONY, A. W. 1893. Birds of the San Pedro Martir,
Lower California. Zoe 4:228-247.

BAKER, M., N. NuUR, AND G. R. GeupeL. 1995. Cor-
recting biased estimates of dispersal and survival
due to limited study area: theory and an applica-
tion using Wrentits. Condor 97:663-674.

BARROWCLOUGH, G. F 1978. Sampling biasin dispersal
studies based on finite area. Bird-Banding 49:333—
341.

BRYANT, W. E. 1889. A catalogue of the birds of Low-
er California, Mexico. Proceedings of the Califor-
nia Academy of Sciences 2:237-320.

CLARKE, A. L., B.-E. S&ETHER, AND E. RaskAFT. 1997.
Sex biases in avian dispersal: areappraisal. Oikos
79:429-438.

Comins, H. N., W. D. HAmILTON, AND R. M. May.
1980. Evolutionarily stable dispersal strategies.
Journal of Theoretical Biology 82:205-230.

DALE, S. 2001. Female-biased dispersal, low femae
recruitment, unpaired males, and the extinction of
small and isolated bird populations. Oikos 92:
344-356.

Doak, D. 1989. Spotted Owls and old growth logging
in the Pacific Northwest. Conservation Biology 3:
389-396.

DossoN, F S., AND W. T. JonEs. 1985. Multiple causes
of dispersal. American Naturalist 126:855-858.

ELLSwWORTH, E. A., AND J. R. BELTHOFF. 1999. Effects
of social status on the dispersal behavior of ju-
venile Western Screech-Owls. Animal Behaviour
57:883-892.

ForsmaN, E. D. 1983. Methods and materials for lo-
cating and studying Spotted Owls in Oregon.
USDA Forest Service General Technical Report
PNW-GTR-162.

Forsman, E. D., E. C. MEsLow, AND H. M. WIGHT.
1984. Distribution and biology of the Spotted Owl
in Oregon. Wildlife Monographs 87:1-64.

FRANKLIN, A. B. 1992. Population regulation in North-
ern Spotted Owls: theoretical implications for
management, p. 815-830. In D. R. McCullough
and R. H. Barret [Eps.], Wildlife 2001: popula-
tions. Elsevier Applied Science. New York.

FRANKLIN, A. B., D. R. ANDERSON, E. D. FOrRsmAN, K.
P BurnHAM, AND FE ' W. WAGNER. 1996. Methods
for collecting and analyzing demographic data on



SPOTTED OWL DISPERSAL IN SOUTHERN CALIFORNIA

the Northern Spotted Owl. Studies in Avian Bi-
ology 17:12-20.

FrRANKLIN, A. B., D. R. ANDERSON, R. J. GUTIERREZ,
AND K. P BurRNHAM. 2000. Climate, habitat qual-
ity, and fitness in Northern Spotted Owl popula-
tions in northwestern California. Ecological
Monographs 70:539-590.

Fuisoka, E M., J. O. Roabps, AND S.-C. CHEN. 1998.
Climatology, p. 28-43. In P R. Miller and J. R.
McBride [Eps.], Oxidant air pollution impacts in
the montane forests of southern California: a case
study of the San Bernardino Mountains. Springer,
New York.

GANEY, J. L., W. M. BLock, J. K. DWYER, B. E. STROH-
MEYER, AND J. S. JENNESS. 1998. Dispersal move-
ments and survival rates of juvenile Mexican
Spotted Owls in northern Arizona. Wilson Bulle-
tin 110:206-217.

GREeNwooD, P J. 1980. Mating systems, philopatry
and dispersal in birds and mammals. Animal Be-
haviour 28:1140-1162.

GUTIERREZ, R. J., A. B. FRANKLIN, AND W. S. LAHAYE.
1995. Spotted Owl (Strix occidentalis). In A.
Poole and F. Gill [Eps.], The birds of North Amer-
ica, No. 179. The Academy of Natural Sciences,
Philadelphia, PA, and The American Ornitholo-
gists' Union, Washington, DC.

GUTIERREZ, R. J., A. B. FRANKLIN, W. S. LAHAYE, V.
J. MERETSKY, AND J. P WaARD. 1985. Juvenile
Spotted Owl dispersal in northwestern California:
preliminary results, p. 60-65. In R. J. Gutiérrez
and A. B. Carey [EDs.], Ecology and management
of the Spotted Owl in the Pacific Northwest.
USDA Forest Service General Technical Report
GTR-PNW-185.

GuTIERREZ, R. J., AND S. HARRISON. 1996. Applying
metapopulation theory to Spotted Owl manage-
ment: a history and critique, p. 167-186. In D. R.
McCullough [ep.], Metapopulations and wildlife
conservation. Island Press, Washington, DC.

GuUTIERREZ, R. J.,, AND J. PRITCHARD. 1990. Distribu-
tion, density, and age structure of Spotted Owls
on two southern California habitat islands. Condor
92:491-495.

GUTIERREZ, R. J.,, M. E. SEAMANS, AND M. Z. PEERY.
1996. Intermountain movement by Mexican Spot-
ted Owls (Strix occidentalis lucida). Great Basin
Naturalist 56:87-89.

HARRISON, S., A. STAHL, AND D. Doak. 1993. Spatial
models and Spotted Owls: exploring some biolog-
ical issues behind recent events. Conservation Bi-
ology 7:950-953.

HowaRrD, W. E. 1960. Innate and environmental dis-
persal of individual vertebrates. American Mid-
land Naturalist 63:152-161.

KEeppiE, D. M. 1980. Similarity of dispersal among sib-
ling male Spruce Grouse. Canadian Journa of Zo-
ology 58:2102-2104.

KIESTER, A. R. 1979. Conspecifics as cues. a mecha-
nism for habitat selection in the Panamanian grass
anole (Anolis auratus). Behavioral Ecology and
Sociobiology 5:323-330.

Koenig, W. D., P N. Hoocg, M. T. STANBACK, AND J.
Haypock. 2000. Natal dispersa in the coopera-

699

tively breeding Acorn Woodpecker. Condor 102:
492-502.

LAHAYE, W. S., R. J. GUTIERREZ, AND H. R. AKCAKA-
YA. 1994. Spotted Owl metapopulation dynamics
in southern California. Journal of Animal Ecology
63:775-785.

LaHAYE, W. S, R. J. GuTIERREZ, AND D. R. CALL.
1992. Demography of an insular population of
Spotted Owls (Strix occidentalis occidentalis), p.
803-814. In D. R. McCullough and R. H. Barret
[eps.], Wildlife 2001: populations. Elsevier Ap-
plied Science, New York.

LAmMBERSON, R. H., R. McKELVEY, B. R. NOON, AND
C. Voss. 1992. A dynamic analysis of Northern
Spotted Owl viability in a fragmented forest land-
scape. Conservation Biology 6:505-512.

LAMBERSON, R. H., B. R. Noon, C. Voss, AND K. S.
McKELVEY. 1994. Reserve design for terrestrial
species: the effects of patch size and spacing on
the viability of the Northern Spotted Owl. Con-
servation Biology 8:185-195.

LANDE, R. 1988. Demographic models of the Northern
Spotted Owl (Strix occidentalis caurina). Oeco-
logia 75:601-607.

LEBRETON, J.-D., K. P BURNHAM, J. CLOBERT, AND D.
R. ANDERSON. 1992. Modeling survival and test-
ing biological hypotheses using marked animals:
a unified approach with case studies. Ecological
Monographs 62:67—118.

LiBERG, O. 1985. Sex-biased philopatry and dispersal
in birds and mammals: The Oedipus hypothesis.
American Naturalist 126:129-135.

MassoT, M., J. CLoBERT, A. CHAMBON, AND Y. MICHA-
LAKIS. 1994, Vertebrate natal dispersal: the prob-
lem of non-independence of siblings. Oikos 70:
172-176.

MILLER, G. S,, AND E. C. MEesLow. 1985. Dispersal
data for juvenile Spotted Owls: the problem of
sample size, p. 69-73. In R. J. Gutiérrez and A.
B. Carey [eDs.], Ecology and management of the
Spotted Owl in the Pacific Northwest. USDA For-
est Service General Technical Report PNW-GTR-
185.

MILLER, G. S,, R. J. SMALL, AND E. C. MesLow. 1997.
Habitat selection by Spotted Owls during natal
dispersal in western Oregon. Journal of Wildlife
Management 61:140-150.

MinNicH, R. A. 1988. The biogeography of fire in the
San Bernardino Mountains of California: a histor-
ical study. University of California Publicationsin
Geography. Vol. 28. University of California
Press, Los Angeles.

MINNICH, R. A. 1998. Vegetation, fire regimes, and for-
est dynamics, p. 44-80. In P R. Miller and J. R.
McBride [Eps.], Oxidant air pollution impacts in
the montane forests of southern California: a case
study of the San Bernardino Mountains. Ecologi-
cal studies. Vol. 134. Springer, New York.

MooNEey, H. A. 1988. Southern coastal scrub, p. 471—
490. In M. G. Barbour and J. Mgjor [Eps.], Ter-
restrial vegetation of California, second edition.
California Native Plant Society, Sacramento, CA.

MuLLER, K. L., J. A. Stamps, V. V. KRISHNAN, AND N.
H. WiLLits. 1999. The effects of conspecific at-



700 WILLIAM S. LAHAYE ET AL.

traction and habitat quality on habitat selection in
territorial birds (Troglodytes aedon). American
Naturalist 150:650—651.

MurpHY, D. D., AND B. R Noon. 1992. Integrating
scientific methods with habitat conservation plan-
ning: reserve design for the Northern Spotted
Owl. Ecologica Applications 2:3-17.

NewToN, ., AND M. MaRrqQuiss. 1983. Dispersal of
Sparrowhawks between birthplace and breeding
place. Journal of Animal Ecology 52:463-477.

Noon, B. R., AND K. McKELVEY. 1992. Stability prop-
erties of the Spotted Owl metapopulation in south-
ern Cdifornia, p. 187-206. In J. Verner, K.
McKelvey, B. R. Noon, R. J. Gutiérrez, G. |I.
Gould Jr., and T. W. Beck [eEps.], The California
Spotted Owl: atechnical assessment of its current
status. USDA Forest Service Genera Technical
Report PSW-GTR-133.

PARrRADIS, E., S. R. BAILLIE, W. J. SUTHERLAND, AND R.
D. GReGoRY. 1998. Patterns of natal and breeding
dispersal in birds. Journal of Animal Ecology 67:
518-536.

Pusey, A. E. 1987. Sex-biased dispersal and inbreed-
ing avoidance in birds and mammals. Trends in
Ecology and Evolution 2:295-299.

RaPHAEL, M. G., R. G. ANTHONY, S. DESTEFANO, E.
D. ForsmAN, A. B. FRANKLIN, R. HOLTHAUSEN, E.
C. MesLow, AND B. R. Noon. 1996. Use, inter-
pretation, and implications of demographic ana-
yses of Northern Spotted Owl populations. Studies
in Avian Biology 17:102-112.

Ray, C., M. GILPIN, AND A. T. SMITH. 1999. The effect
of conspecific attraction on metapopulation dy-
namics. Biological Journal of the Linnean Society
42:123-134.

RuckELsHAUS, M., C. HARTWAY, AND P KAREIVA.
1997. Assessing the data requirements of spatially
explicit dispersal models. Conservation Biology
11:1298-1306.

SAWYER, J. O., D. A. THORNBURGH, AND J. R. GRIFFIN.
1988. Mixed evergreen forest, p. 359-382. In M.
G. Barbour and J. Major [Eps.], Terrestrial vege-
tation of California, second edition. CaliforniaNa-
tive Plant Society, Sacramento, CA.

ScotT, J. M., E Davis, B. CsuTl, R. Noss, B. BUTTER-
FIELD, C. Groves, H. ANDERsSON, S. Caicco, F
D’ErRcHIA, T. C. EbwARDS JR., J. ULLIMAN, AND R.
G. WRIGHT. 1993. Gap analysis. a geographic ap-
proach to protection of biological diversity. Wild-
life Monographs 123:1-41.

SwiTH, A. T., AND M. M. Peacock. 1990. Conspecific
attraction and the determination of metapopulation

colonization rates. Conservation Biology 4:320—
323.

SMITH, R. B., W. S. LAHAYE, R. J. GUTIERREZ, AND G.
S. ZIMMERMAN. In press. Spatial habitat character-
istics of an insular Spotted Owl population in
southern California. In I. Newton, R. Kavanagh,
J. Olson, and R. Taylor [EDs.], Owls 2000. Can-
berra, Australia.

Stamps, J. A. 1987. The effect of familiarity with a
neighborhood on territory acquisition. Behavioral
Ecology and Sociobiology 21:273-277.

STEPHENS, P A., AND W. J. SUTHERLAND. 1999. Con-
seguences of the Allee effect for behaviour, ecol-
ogy and evolution. Trends in Ecology and Evo-
lution 14:401-405.

THORNE, R. F 1988. Montane and subal pine forests of
the Transverse and Peninsular Ranges, p. 537—
558. In M. G. Barbour and J. Magjor [eps.], Ter-
restrial vegetation of California, 2nd ed. Califor-
nia Native Plant Society, Sacramento, CA.

TonKYN, D. W., AND J. H. PLissNER. 1991. Models of
multiple dispersers from the nest: predictions and
inference. Ecology 72:1721-1730.

U.S. DEPARTMENT OF INTERIOR (USDI). 1990. Endan-
gered and threatened wildlife and plants; deter-
mination of threatened status for the Northern
Spotted Owl. Federal Register 55:26114-26194.

U. S. DEPARTMENT OF INTERIOR (USDI). 1993. Endan-
gered and threatened wildlife and plants; final rule
to list the Mexican Spotted Owl as a threatened
species. Federal Register 58:14248-14271.

VAsek, E C., AND M. G. BARBOUR. 1988. Mojave de-
sert scrub vegetation, p. 835-868. In M. G. Bar-
bour and J. Mgjor [EDs.], Terrestrial vegetation of
California, second edition. California Native Plant
Society, Sacramento, CA.

VERNER, J., K. McKELVEY, B. R. Noon, R. J. GuTi-
ERREZ, G. |. GouLD JRr., AND T. W. BEck. 1992.
The California Spotted Owl: a technical assess-
ment of its current status. USDA Forest Service
General Technical Report PSW-GTR-133.

WHITE, G. C., AND K. P BurRNHAM. 1999. Program
MARK: survival estimation from populations of
marked animals. Bird Study 46:120-138.

WiLLEY, D. W,, AND C. VAN RIPER I11. 2000. First-year
movements by juvenile Mexican Spotted Owls in
the Canyonlands of Utah. Journal of Raptor Re-
search 34:1-7.

XANTUS, J. 1859. Catalogue of birds collected in the
vicinity of Fort Tejon, California with a descrip-
tion of a new species of Syrnium. Proceedings of
the Academy of Natural Sciences Philadelpia
1859:189-193.



