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From: Renee Cormier <rcormier@pointblue.org> 

Sent: Wednesday, April 30, 2014 5:03 PM 

To: Wildlife Management 

Cc: Ellie Cohen; Diana Humple 

Subject: Nothern Spotted Owl 

Attachments: PointBlue_comments_NSO_status_review.pdf; Jennings_etal_2011.pdf; Stralberg_etal_ 

 2009.pdf; PointBlue_MMWD_MCOSD_SPOW_report_2013.pdf

Dear Neil Clipperton, 
 
Thank you for the opportunity to provide data and information about NSO in California for their Status Review. I have 
attached a letter with information on our NSO monitoring project in Marin County, a report from 2013 surveys, and two 
manuscripts (Jennings et al. 2011, and Stralberg et al. 2009). 
 
Please let me know if you would like additional information, or if you have any questions. 
 
Sincerely, 
 
Renée Cormier 
 
Renee Cormier, Avian Ecologist 
Point Blue Conservation Science (formerly PRBO) 
Palomarin Field Station 
PO Box 1157 / 999 Mesa Rd., Bolinas CA 94924 
415.868.0655 ext. 316  
415.497.0519 (cell) 
www.pointblue.org  | Follow Point Blue on Facebook! 

Point Blue—Conservation science for a healthy planet. 
 
 

 



 

 

April 30, 2014 

 
California Department of Fish and Wildlife 
Nongame Wildlife Program 
Attn: Neil Clipperton 
1812 9th Street 
Sacramento, California 95811 

 

RE: Comments for the status review of the Northern Spotted Owl (Strix occidentalis 
caurina). 

 

Dear Neil Clipperton, 

This letter is to provide information for the status review of the NSO pursuant to the 
Fish and Game Code section 2074.4 to solicit data and comments on the petitioned 
action. I have reviewed the report titled “Evaluation of the petition from the 
Environmental Protection Information Center to list the Northern Spotted Owl (Strix 
occidentalis caurina) as threatened or endangered under the California Endangered 
Species Act” (CDFW 2013). 

Point Blue Conservation Science (formerly PRBO Conservation Science) is a non-profit 
conservation organization with the mission to advance conservation of birds, other 
wildlife, and ecosystems through science, partnerships, and outreach. We have been 
studying the Northern Spotted Owl (NSO; Strix occidentalis caurina) in Marin County 
since 1997. 

We encourage the CDFW to review our recent report and two peer-reviewed 
manuscripts concerning NSO in Marin County (copies included with this letter). The 
report is our 2013 annual report from NSO monitoring on Marin Municipal Water 
District and Marin County Open Space District lands (Cormier 2013). We have been 
monitoring NSO on these public lands, and adjacent areas with the objectives of 
monitoring long-term trends, and helping to ensure that disturbance to nesting owls 
is avoided. We have annual reports from our surveys since monitoring efforts began; 
please feel free to contact me if earlier reports would be useful. The first manuscript  
provides results from modeling spatial predictions of nest-site occurrence in Marin 
County (Stralberg et al. 2009) and the second describes the status and distribution of 
the Barred Owl (S. varia) in Marin County (Jennings et al. 2011). 



 

Finally, all of our data are submitted annually to the California Natural Diversity 
Database managed by your agency. Please do not hesitate to contact me if you need 
additional information about these data. 

Thank you for the opportunity to provide information for the status review. 

 

Sincerely, 

 

Renée Cormier 
415.868.0655 ext. 316 
rcormier@pointblue.org  

 

cc: Ellie Cohen, President and CEO, Point Blue Conservation Science 
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StatuS and diStribution of tHE barrEd 
owl in Marin County, California
SCOTT JENNINGS, RENéE L. CORmIER, and ThOmaS GaRdaLI, PRBO 
Conservation Science, 3820 Cypress dr., Suite 11, Petaluma, California 94954; 
sjennings@prbo.org

davId PRESS, National Park Service, Point Reyes National Seashore, 1 Bear valley 
Road, Point Reyes Station, California 94956

WILLIam W. mERkLE, National Park Service, Golden Gate National Recreation 
area, Bldg. 201, Fort mason, San Francisco, California 94123

aBSTRaCT: marin County, California, is the southern limit of the range of the 
Northern Spotted Owl (Strix occidentalis caurina), listed as threatened by the U.S. 
Fish and Wildlife Service. The density of the marin population of the Northern Spot-
ted Owl is unusually high, the population breeds in unique habitat associations, and 
it is genetically isolated from other Spotted Owl populations. Unlike elsewhere in 
the Northern Spotted Owl’s range, habitat loss to logging is not an issue in marin 
County. The Barred Owl (Strix varia) has been detected in marin County only since 
2002 and may pose a threat to the Northern Spotted Owl through competition and/
or interbreeding. We amassed information on the distribution and abundance of the 
Barred Owl in marin County via published literature, by consulting local birders, and 
primarily through data we obtained during our monitoring of the Northern Spotted 
Owl in marin County. monitoring, continuous since 1996, provides an opportunity for 
an evaluation of the effect of the Barred Owl invasion on the Northern Spotted Owl 
there. We estimate the county’s current population of the Barred Owl at four to seven 
individuals, including one territorial pair and a single territorial male. We documented 
two nestings, with four young fledged. Two pairs of the Northern Spotted Owl have 
been displaced from territories. These results are of concern for an otherwise stable 
population of the Northern Spotted Owl.

The Barred Owl (Strix varia) began expanding its range from eastern 
North america into western provinces and states in the late 1800s, arriving 
in the northern portion of range of the Northern Spotted Owl (Strix occi-
dentalis caurina) by 1950 (Livesey 2009). The Barred Owl has subsequently 
expanded west and south through British Columbia, Washington, Oregon, 
and northern California, to occupy the Northern Spotted Owl’s entire range 
(Gutiérrez et al. 2007).

a growing body of theoretical and empirical work predicts and documents 
the effects of the Barred Owl on both the Northern and California (S. o. 
occidentalis) Spotted Owls. displacement and direct competition for food 
and space are thought to be the largest threats to the Northern Spotted Owl 
(kelly et al. 2003, Crozier et al. 2006, Gutierrez et al. 2007). The Barred 
Owl also interbreeds with (hamer et al. 1994, haig et al. 2004, kelly and 
Forsman 2004), and possibly preys upon, both the Northern and California 
Spotted Owls (Leskiw and Gutiérrez 1998). In much of its range the Northern 
Spotted Owl continues to decline despite federal protection, and the Barred 
Owl was identified as a major threat in the 2010 draft revised recovery plan 
for the Northern Spotted Owl (USFWS 2010).

across most of its range, the Northern Spotted Owl inhabits mature, 
relatively undisturbed coniferous forests with a closed canopy (Gutierrez et 
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al. 1995). In contrast, where the two species are sympatric, the Barred Owl 
uses a wider range of habitat types including regenerated coniferous and 
deciduous forests, areas of lower elevation and flatter topography, and areas 
of human use and occupation (hamer et al. 2007, Livesey 2007, Livesey 
and Flemming 2007). This broader niche may facilitate the Barred Owl 
outcompeting the Spotted (Livesey and Flemming 2007). Interestingly, in 
marin County the Northern Spotted Owl occupies not only mature conifer-
ous forest but second- and third-growth coniferous and broadleaf forests and 
areas along the urban–wildland interface (Stralberg et al. 2009). While the 
size of marin County’s Spotted Owl population is not known, surveys of 
much of the suitable habitat on public land, completed in 1999 before the 
Barred Owl’s arrival, revealed the Spotted Owl at 83 distinct sites, with 53 
of these occupied by pairs (Press et al. 2011).

We describe the Barred Owl’s colonization of marin County, estimate its 
population size, report known attempts at breeding, describe interactions 
between the Barred and Spotted Owls, and discuss the Barred Owl’s invasion 
in the context of the unique attributes and threats to the marin population 
of the Northern Spotted Owl.

mEThOdS

data for this study were gained primarily through the detection of Barred 
Owls during monitoring of the Spotted Owl on land managed by the federal 
and county governments. Widespread monitoring in marin County by the 
National Park Service and PRBO Conservation Science began in 1996, 
though some limited surveys began in 1993. Inventories (1996–1999 and 
2006) and demographic monitoring (1999–present) followed standard 
protocols (USFWS 1992), modified to minimize the practice of calling and 
feeding mice to owls while increasing visual searching, in order to reduce 
the owls’ habituation to people (Press et al. 2010). mimicking owl calls with 
the human voice or playing calls with electronic devices are widely used for 
locating Spotted Owls, and live mice are often presented to Spotted Owls to 
determine the birds’ nesting status or nest location (USFWS 1992).

 We obtained additional data from local experts Ryan diGaudio, Jules 
Evens, keith hansen, Steve N. G. howell, dave mackenzie, W. david 
Shuford, and Rich Stallcup. additionally, we searched the North Bay Birds 
e-mail list-serve (http://groups.yahoo.com/group/northbaybirds), eBird 
(www.ebird.org), North American Birds since 1994, and Christmas Bird 
Count data since 2001 for Barred Owl observations.

 We evaluated the observations to determine the birds’ sex, age, and 
numbers. We identified the birds’ sex by voice whenever possible. Individuals 
observed visually were often distinguished as adult or subadult (1 to 2 years 
old) by the shape and color of the tips of the central rectrices (moen et al. 
1991, Pyle 1997). We estimated the population’s upper limit by tallying the 
number of locations where Barred Owls were detected in a given year and 
adding individuals where appropriate when multiple birds were observed 
together. We estimated the lower limit by evaluating the geography, habitat, 
and distance between locations of detection to consider if observations at 
different locations may have represented the same individual. 
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We used GPS receivers to record locations of Barred Owls detected during 
Spotted Owl monitoring. For Barred Owls for which the observer provided 
no coordinates, we mapped the location in arcview 3.2 from the observer’s 
description of the site. 

RESULTS

Barred Owls were detected on at least 107 occasions between april 2002 
and august 2010, primarily in the southern and western portions of marin 
County (Figure 1). Of these detections, 67 were the result of Spotted Owl 
monitoring, 10 were from the list-serve, 4 were from eBird, 23 were from 
direct communication with local birders, and 3 were our observations made 
outside Spotted Owl monitoring. additional observations, for which specific 
dates were not recorded, were made in muir Woods National monument, 
Olema valley, and to a lesser extent near Point Reyes Station. We did not 
map observations lacking dates, but because Barred Owls were observed 
frequently in these areas, these individuals are likely represented by the other 
detections on the map.

Barred Owls have been observed at muir Woods every year since the 
county’s first record there in 2002, and they have been observed yearly since 
2004 in the southern Olema valley. Barred Owls were detected near Point 
Reyes Station in 2003, 2005, and yearly from 2008 to 2010, and in mill 
valley in 2009 and 2010. They have also been detected at several other 
locations across the southern and western parts of the county (Figure 1), 
though never in consecutive years. all of these locations, except Point Reyes 
Station, are also occupied by Spotted Owls. 

a male and female Barred Owl were detected together in 2005 in Olema 
valley, without evidence of nesting. In 2006 a male and female were detected 
in muir Woods, again with no evidence of nesting. In 2007, a pair and two 
fledglings were found together in muir Woods, but the nest was not located. 
In 2008, a nest was found in muir Woods, both parents were confirmed as 
Barred Owls, and two young fledged. In 2008, a subadult Barred Owl was 
detected in muir Woods, and in 2009 one was found in mill valley, 1.2 km 
from muir Woods. 

We estimate that as of august 2010 there were between four and seven 
Barred Owls within marin County (Figure 2), including a territorial pair at 
muir Woods, a territorial male in Olema valley, one to two individuals around 
Point Reyes Station, and one or two in mill valley, though there may be 
some overlap between this site and muir Woods. 

In marin County, more individual Barred Owls have been identified as 
males than as females, and only one pair has been found in any year, possibly 
implying a male-biased population. In many sightings, however, the bird’s 
sex was not determined (see below regarding limitations of our data), so the 
true sex ratio of the population is not known. Barred Owls were classed as 
subadult on only two occasions, and these may represent different detections 
of the same bird. In spite of the number of birds of unknown age, the marin 
Barred Owl population appears to be composed primarily of adults.

hybrid Barred × Spotted Owls have not been conclusively identified in 
marin County. But Jules Evens and Rich Stallcup (pers. comm.) reported 

105



hearing calls intermediate between those of the Spotted and Barred near 
Point Reyes Station in the falls of 2005, 2006, 2007, and 2010. For ex-
ample, Stallcup reported hearing a call that started with the first three notes 
of the Spotted Owl’s standard four-note call but then proceeded into the 
caterwauling ending characteristic of the Barred Owl. Evens noted that he 
could not confidently identify the owl as Barred, but he was sure it was not 
a pure Spotted. via the list-serve, ken Burton also reported an unidentifi-
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Figure 1. Locations in marin County, California, of 89 Barred Owl observations 
(circles) for which specific dates and locations were recorded, 2002–2010. Stars mark 
the locations of landmarks referred to in the text, and the study area outline shows 
land covered by surveys monitoring the Northern Spotted Owl.



able call of Strix in mill valley. In all these cases, the owl making the calls 
was not seen. 

On multiple occasions Barred and Spotted Owls were heard calling in the 
same vicinity, but the extent of interaction is not known. On three daytime 
surveys, we and other biologists observed notable interactions between the 
two species: (1) both members of a pair of Spotted Owls charged and dove 
at a Barred Owl, (2) a Barred Owl chased a female Spotted Owl, and (3) an 
aerial “clash” between a Barred and a Spotted Owl. 

In muir Woods Barred Owls were observed foraging during daylight hours, 
hunting for crayfish (Pacifastacus spp.) in a stream on multiple occasions 
and foraging while walking on the ground. 

dISCUSSION

The Barred Owl population in marin County is currently small but well 
established, and it has continued to grow steadily since the species was first 
detected in 2002. Two home ranges have been established, one in muir 
Woods and one in Olema valley. In 2007 and 2008, Barred Owls success-
fully fledged two young each year from nests in muir Woods. The 2007 
Barred Owl nest is of particular interest because in that year only two of 37 
monitored Spotted Owl pairs attempted nesting. Barred Owls may nest more 
often and produce more offspring per nesting attempt than the Northern 
Spotted Owl (Livesey and Fleming 2007, Wiens et al. 2009). 
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Figure 2. Estimates of the population of the Barred Owl in marin County, California, 
2002–2010. dashed line, maximum number estimated; solid line, minimum number 
estimated.



hybridization between the two species in marin County appears to be 
low or none; no mixed pairs have been observed, and no hybrids have been 
confirmed. hamer et al. (1994) predicted hybridization to be more likely in 
the early stages of Barred Owl invasion, because there are few Barred Owls 
to make single-species pairs, but they also noted that isolating mechanisms 
between the two species are likely to keep hybridization to a minimum. 

Our estimate of the Barred Owl’s population in marin County is con-
servative. The Barred Owl may not be sampled adequately by Spotted 
Owl monitoring (Livesey and Fleming 2007). additionally, while most of 
the habitat suitable for the Spotted Owl on public land in marin County is 
well covered through demographic monitoring, the Barred Owl has been 
detected in other habitats within the county, such as riparian. Last, little is 
known about the Barred Owl’s occurrence on private lands. Uneven detect-
ability and spatial distribution by sex or age class may have influenced our 
estimates of population size. however, given the extent and effort of Spot-
ted Owl monitoring and of general bird watching in marin County, we feel 
confident that the majority of Barred Owls present have been detected.

The presence and increasing abundance of Barred Owls at the southern 
limit of the Northern Spotted Owl’s range in marin County is troubling. 
The marin County population of the Northern Spotted Owl may be an 
especially important one because it is geographically and genetically 
isolated from both the Northern Spotted Owl farther north in northern 
California and from the California Spotted Owl in the Sierra Nevada and 
in southern California (Barrowclough et al. 2005). additionally, in marin 
the population density of breeding Northern Spotted Owls is higher than 
elsewhere, the population’s fecundity is consistently high, and the popula-
tion uses a wider variety of habitats than does the Northern Spotted Owl 
in other areas (anthony et al. 2006, Stralberg et al. 2009). Finally, the 
traditional threat of habitat loss and degradation due to logging is nonex-
istent in marin County, and the existing pressures there (e.g., recreation, 
noise disturbance, urban encroachment, rodenticide use, increased risk of 
human-caused wildfire) have not been severe enough to cause population 
declines. The marin population appears to be stable (Stralberg et al. 2009, 
Jensen et al. 2010).

Our early observations suggest that the Barred Owl may be affecting the 
Northern Spotted Owl in marin County in ways similar to those reported 
elsewhere, including displacement and potential suppression of the Spotted 
Owl’s response to mimicked calls (kelly et al. 2003). In muir Woods a single 
pair of Barred Owls now occupies the core area where two pairs of the 
Spotted held territories prior to the arrival of the Barred. Both pairs of the 
Spotted appear to have relocated to nearby areas. additionally, the Spotted 
Owls have become more difficult to detect in muir Woods and Olema valley 
since the Barred Owl’s arrival. In marin, Barred Owls have been observed 
exploiting a diet (including crayfish) more diverse than the Spotted’s, and 
the nesting in 2007 suggests higher fecundity. Both of these factors are 
thought to facilitate the Barred Owl outcompeting the Spotted (Livesey and 
Flemming 2007). Currently, Barred Owls occupy a small number of Spotted 
Owl territories and to date appear to affect individuals rather than the entire 
marin population of the Spotted Owl. 
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The effect of the Barred Owl on the Northern Spotted Owl in marin 
County is cause for concern. We recommend continued monitoring of the 
Spotted Owl throughout marin County, the addition of surveys designed 
to improve detection of the Barred Owl, and that citizen scientists report 
Barred Owls sightings vigilantly.
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INTRODUCTION 

The Northern Spotted Owl (NSO; Strix occidentalis caurina) is a year-round resident 

found primarily in older, coniferous forests from southern British Columbia to Marin 

County, California. The NSO was listed by the U.S. Fish and Wildlife Service (USFWS) as a 

Federally Threatened subspecies in 1990, with declines mostly attributed to habitat loss. 

After more than two decades on the Endangered Species list, the NSO is still declining in 

many parts of its range (Forsman et al. 2011, USFWS 2011). While current and past 

habitat loss remains a major threat, the range expansion of the Barred Owl (Strix varia) 

also poses a very considerable and complex threat to the NSO (Gutiérrez et al. 2007, 

USFWS 2011, Wiens 2012). NSO in Marin County are not impacted by commercial tree 

harvesting operations as in other parts of their range, but they face other unique threats 

including urban development, human disturbance due to construction and/or 

recreational activities, noise disturbance, pesticide poisoning, risk of wildfires along the 

urban-wildland interface, and genetic isolation (Stralberg et al. 2009). Additionally, while 

the invasion of Barred Owls in Marin County has not yet reached the high densities as in 

other parts of the NSO range (Jennings et al. 2011), a continued increase in Barred Owl 

numbers could pose a serious threat to the NSO population in Marin (e.g., Forsman et 

al. 2011, Wiens 2012).   

 Since 1997, biologists from Point Blue Conservation Science (formerly PRBO; 

hereafter Point Blue) have been monitoring NSO in Marin County. Marin County Open 

Space District (MCOSD) and Marin Municipal Water District (MMWD) have contracted 

Point Blue to survey NSO since 1999. Surveys are primarily on MMWD and MCOSD 

lands, but also include sites on private, municipal, state, and national park lands that are 

adjacent to MMWD and MCOSD lands. The purpose of these surveys is to monitor the 

population over time (trends and reproductive success). In addition, at  other sites 

where proposed management activities may occur, biologists from Point Blue have been 

conducting NSO surveys to determine occupancy and nesting status so that disturbance 

to nesting birds is avoided.   
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In 2013, Point Blue biologists continued to monitor occupancy, nesting, and 

reproductive status for known historic NSO activity centers on or adjacent to MMWD 

and MCOSD lands. We also conducted inventory surveys at new locations based on 

management plans. In this report, we present a summary of results for 30 historic sites 

and 8 inventory areas.   

 

METHODS 

Surveys in 2013 followed the recently-updated USFWS protocol (USFWS 2012). The 

updated protocol reflects the best available information for detecting NSO in the 

presence of Barred Owls, and doubles the number of surveys needed before a site can 

be classified as unoccupied by NSO. We also used the USFWS protocol (2012) for nesting 

and reproductive surveys, but whenever possible we attempted to gather nesting and 

reproductive information without the use of mice, per the modified protocol for 

surveying NSO in Marin County (Press et al. 2010). The modified protocol attempts to 

minimize “mousing” owls to avoid habituating NSO to being fed by humans since the 

owls are often in close proximity to humans and heavily-used trails and roads in Marin 

County. For sites with planned management activities (e.g., noise disturbance), we 

conducted mousing surveys if nesting status could not be determined without the use of 

mice by early April. All 2013 surveys were led by Renée Cormier and Suzanne Winquist 

of Point Blue from March to July.  

We surveyed a total of 30 historic sites on or adjacent to MCOSD and MMWD 

land. Most sites were chosen based on knowledge of NSO occurrence in previous years, 

and sites were prioritized where management activities were planned. In addition, we 

surveyed 8 inventory areas based on management needs (Table 1). We assessed 

occupancy, nesting, and reproductive status at all historic and inventory sites. We 

completed site search forms and maps for all fieldwork, status forms for each site, and 

vegetation measurements for nest trees. All data, including GIS, will be submitted to 

MCOSD, MMWD, and to the California Department of Fish and Wildlife’s California 

Natural Diversity Database (CNDDB). 



Northern Spotted Owl Report 2013 
 

3 

 

A site is considered unoccupied after 2 years of surveys with 6 nighttime visits 

each year with no owl response (USFWS 2012). For sites surveyed for disturbance 

projects only (as opposed to planned habitat modification), 6 visits with no response in 

one year is sufficient to call a site unoccupied until the start of the next breeding season 

(USFWS 2012). In this report, I classify any site with no response in 2013 as unoccupied, 

but specify whether it was unoccupied for one or two years. 

For sites where owls are detected, determination of residency status followed 

USFWS protocols and is summarized as follows (for more details see USFWS 2012): Pair 

= male and female heard within 0.25 miles on the same survey, and/or nesting is 

confirmed; Resident Single = response by a single owl on three or more occasions, with 

no response by an owl of the opposite sex; Unknown = male and/or female detected, 

but did not meet the above criteria. The Marin protocol (Press et al. 2010) has an 

additional status designation, Single Unknown, used when a single owl is detected but 

does not meet the above status categories (excluding Unknown status).  

Fecundity is defined here as the total number of female young per territorial 

female. Fecundity was calculated by dividing the total number of young produced by 2 

(assuming a 1:1 sex ratio of young), and then dividing by the total number of territorial 

females (paired females and resident single females). This method is commonly used 

with NSO data and can be compared across studies (e.g., Anthony et al. 2006, Forsman 

et al. 2011). We excluded survey results from 1999 in the fecundity estimate, since very 

few sites were surveyed that year. 

 

RESULTS 

Occupancy at inventory sites. NSO were detected at most of inventory areas (Table 1), 

but owls were usually not detected on more than one or two visits, therefore not 

meeting “resident” status. The exception was a Lakeview Fire Road, where a single male 

was detected on 3 surveys, thus meeting “resident single” status. Two inventory sites 

were designated as unoccupied. 
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Occupancy at historic sites. Of 30 historic sites, 27 (90%) were occupied by pairs 

(Table 2). West Peters Dam was the only unoccupied historic site. This is the first time 

since 1997, when West Peters Dam was first surveyed, that the site was not occupied by 

a pair of NSO. Whites Hill was occupied by a resident single male this year, and a single 

male of unknown resident status was detected at Soulajule Reservoir. This is the first 

time Whites Hill has not been occupied by a pair since initial surveys in 2003. Soulajule 

was unoccupied in 2010, but otherwise has been occupied by a pair since it was first 

surveyed in 1999. 

Nesting and reproduction. Of the 27 sites with pairs, 10 (37%) pairs nested, 15 

(56%) pairs were confirmed as non-nesting, and 2 (7%) sites were of unknown nesting 

status (Table 2). Of 10 nesting pairs, 8 (80%) were successful (fledged at least 1 young) 

but fecundity was below the study average for the second year in a row (Figure 1).  

Overall. No Barred Owls were detected during 2013 surveys. No color-banded 

individuals were detected; however, we did not see the legs of the female at Arroyo 

Corte Madera and from 2004 to 2012, there was a banded female at this site. 
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Table 1:  Inventory surveys conducted in 2013.  

Inventory 
Route Description 

Sites within 
Inventory Route SPOW Status 

Jewell Trail 

GGNRA
1
/NPS

2
 land; culvert 

replacement (MMWD) & 
road paving project (by the 
DPW

3
) Jewell Trail 

Single Unknown: male detected on two 
surveys 

Lagoon Fire 
Road 

MMWD – planned trail 
decommission 

Arturo Trail, 
Hidden Lake 

Arturo Trail (Single Unknown): male 
detected on 1st of 6 visits - no other 
detections; Hidden Lake (Unknown): male 
and NSO of unknown sex on 3rd of 6 visits 
- no other detections 

Lakeview 
Road  

MMWD – planned fire 
break Lakeview Road 

Resident Single: male detected on 3 of 7 
night surveys 

Loma Alta 
MCOSD - inventory, no 
management planned Loma Alta 

Unknown: NSO of unknown sex detected 
on 6th of 8 night surveys 

Lower 
Summit 

MCOSD - annual roadside 
mowing by Mill Valley Fire 
Dept Lower Summit 

Unoccupied (year 1; 2013 only): 6 night 
surveys with no NSO detected 

Madera 
Park Tank MMWD -  tank work 

Madera Park 
Tank 

Single Unknown: male detected on 2 of 8 
night visits 

Sir Francis 
Drake 

SPTSP
4
 - between Pioneer 

Tree Trail and West Peters 
Dam; management site for 
Dept of Public Works only, 
but in area of interest to 
MMWD. Sir Francis Drake 

Unknown: male and female detected on 
one survey, single NSO of unknown sex 
detected on another - no other detections 

Upper 
Laurel Dell  

MMWD - brushing project 
along Laurel Dell from 
Ridgecrest to Cataract Trail 

Upper Laurel 
Dell 

Unoccupied (year 1; 2013 only): 6 night 
surveys with no NSO detected 

1 
GGNRA = Golden Gate National Recreation Area; 

2 
NPS = National Park Service; 

3 
DPW = Department of 

Public Works; 
4 

SPTSP = Samuel P. Taylor State Park. 
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Table 2.  Status of historic Northern Spotted Owl sites on or adjacent to MCOSD and 
MMWD land in 2013.  

Site Name 2013 Status Landowner 

Arroyo Corte Madera  Pair MCOSD/Private 

Baltimore Canyon Fledged 1 MCOSD 

Bates Canyon Non-nesting MCOSD 

Bike Path Non-nesting NPS
1
 

Blake Canyon Failed Nest MMWD 

Camino Alto Fledged 1 MCOSD 

Cascade Park Non-nesting Municipal 

East Peters Dam Non-nesting MMWD 

Fairfax Fledged 1 Private 

Five Corners Non-nesting MMWD 

Forest Knolls Non-nesting MCOSD 

Indian Tree Non-nesting MCOSD 

Indian Valley Fledged 2 MCOSD 

Iron Spring Non-nesting MCOSD 

King Mountain Fledged 1 MCOSD 

Lagunitas Failed Nest MCOSD 

Larkspur Non-nesting MCOSD 

Phoenix Lake Fledged 1 MMWD 

Pioneer Tree Trail Non-nesting SPTSP
2
 

Ross Fledged 1 Municipal 

Roy's Redwoods Non-nesting MCOSD 

San Anselmo Creek Pair Private 

Shaver Grade Non-nesting MMWD 

Soulajule Reservoir Single Unknown MMWD 

Swimming Hole Non-nesting SPTSP
2
 

Upper Kent Lake Fledged 2 MMWD 

Warner Canyon Non-nesting MCOSD 

West Peters Dam Unoccupied (year 1; 2013 only) SPTSP
2
 

White's Hill Single Male MCOSD 
1 

NPS = National Park Service; 
2 

SPTSP = Samuel P. Taylor State Park. 
Failed nest = Nesting pair and no young fledged; Fledged = Successful nesting pair (fledged >1 young); 
Non-nesting = Pair confirmed, but non-nesting based on mousing results and/or watching female roost 
for 60 min (Apr 1-May 1); Pair = Male & female confirmed but nesting status not confirmed; Single 
Unknown = A male or female was detected, but the site did not meet resident single status (to meet 
resident single status, an owl of the same sex must be detected on 3 occasions); Unoccupied = 6 night 
surveys (1 or 2 years – see methods) with no response.  
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Figure 1. Fecundity (the number of female young produced per territorial female) for 
Northern Spotted Owls in Marin County on or adjacent to MCOSD and MMWD lands 
(2000-2013). Sample size varies (from n=9 to n=33) and not all sites were surveyed each 
year. Study average is shown as a dashed gray line.  
 
 

 

DISCUSSION 

Occupancy.  Ninety percent of historically-occupied sites were confirmed occupied by a 

pair of NSO in 2013. West Peters Dam was unoccupied for the first time since 1997, 

when the site was first surveyed. Because NSO are less responsive in the presence of 

Barred Owls (Olsen et al. 2005, Crozier et al. 2006, Wiens et al. 2011), we also 

conducted Barred Owl surveys on our last three night surveys, but no Barred Owls were 

detected. The addition of Barred Owl surveys after the lack of response by NSO is a new 

optional recommendation in the USFWS (2012) protocol. Surveys should be conducted 
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at West Peters Dam in 2014 to confirm if the site remains unoccupied, or if 2013 was an 

anomalous year. Whites Hill was occupied by a Resident Single male this year, which is 

the first time the site has not been occupied by a pair since 2003, when surveys were 

initiated at the site. Finally, there was a male of unknown resident status at Soulajule; 

there were no owls detected in the usual NSO drainage at the south end of the 

reservoir, but instead an owl was detected at the northeast edge of the reservoir near 

the MMWD ranger house over 1km from the usual drainage.  

We surveyed eight inventory sites, and among them, we confirmed two sites as 

unoccupied (1 year only) and one as occupied by a resident single male. At each of the 

other five inventory sites, owls were detected on one or two surveys, but may not 

represent resident owls. However, the detections of NSO in new locations and at sites 

that are not surveyed each year highlight the importance of NSO surveys in areas with 

appropriate habitat where proposed management activities are planned. While some of 

the owls that were only detected on a small proportion of the nights may be transients, 

they may also prove to be established breeding sites or activity centers if we continue to 

detect owls at these sites.  

Nesting and reproduction.  Only 10 of 27 pairs nested in 2013, and of those that 

nested, most produced only 1 fledgling, resulting in the second lowest fecundity value 

since 2000.  Anthony et al. (2006) determined fecundity to range from 0.306 to 0.560 

depending on geographic region; they calculated fecundity on the California coast to be 

0.442, similar to our study average in Marin but higher than fecundity at our sites the 

past two years. Forsman et al. (2011) found that fecundity has declined over time in 

most parts of the NSO range at long-term study sites, but because fecundity is so 

variable, models of demographic change were most sensitive to changes (declines) in 

adult survivorship. While we don’t have a marked population of owls in Marin County to 

estimate survival, we can estimate trends in occupancy (MacKenzie et al. 2012), and I 

recommend doing this analysis for the county given the declines in most other parts of 

the NSO range; plans are in effect for Point Blue and National Park Service staff to 

collaborate on such an analysis next year. 
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Barred Owls.  No Barred Owls were detecting during NSO surveys on MMWD or 

MCOSD lands in 2013. The only known pair of Barred Owls in Marin County, at Camp 

Eastwood, nested successfully and produced two young this year (NPS, unpublished 

data). This pair has successfully nested in at least five of the last seven years (2007 to 

2013), since the pair was first detected. NPS staff also detected one other single Barred 

Owl in the Olema Valley, but this was not a new Barred Owl location. An increase in 

Barred Owls may threaten the NSO population in Marin County through competition for 

space and food (Anthony et al. 2006, Gutiérrez et al. 2007, Wiens 2012). While much 

still remains unknown about the effects of increasing Barred Owls on NSO, recent 

studies have found negative associations including on occupancy of nesting territories 

(Kelly et al. 2003, Olsen et al. 2005 Wiens 2012), fecundity (Olsen et al. 2004, Forsman 

et al. 2011), and apparent survival (Anthony et al. 2006, Forsman et al. 2011). In Marin 

County, we are still experiencing relatively low numbers of Barred Owl detections 

(Jennings et al. 2011, NPS and Point Blue unpublished data), but we predict they will 

continue to increase based on the pattern of the invasion documented in the northern 

part of the NSO range. Point Blue will follow the new USFWS-recommended protocol 

(USFWS 2012) which should increase our ability to detect NSO, if present, and to 

monitor any changes in the population. Additional surveys specific to Barred Owl may 

be warranted to increase our detection likelihood of this species (Wiens et al. 2011). 

Conclusions. NSO surveys on MMWD and MCOSD lands documented pairs at 

most historic sites, but with a few notably unoccupied or with single birds. Low nesting 

and reproductive rates have occurred in the past two years. Monitoring NSO in Marin 

County during the breeding season is an essential component to evaluating population 

health and ensuring that management activities do not negatively impact owls. 

Continued monitoring will help put a low year of reproductive success into context. 

Frequent communication and cooperation among MMWD, MCOSD and Point Blue staff 

have been valuable in ensuring that activities that could negatively impact nesting owls 

are prevented. Project support from MMWD and MCOSD continues to help avoid 

disturbance to NSO in Marin County. 
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a b s t r a c t

At the southern end of its range, the Northern Spotted Owl (Strix occidentalis caurina) occurs in high
densities and nests in a wide range of forest types and ages, exhibiting different foraging and nesting
habits than in the northern part of its range. The intensive monitoring of this subspecies on public lands
in Marin County, California, combined with the availability of fine-scale geographic information system
(GIS) data, provided a unique opportunity to apply and evaluate a habitat-based species occurrence mod-
eling approach at the scale most relevant to local land managers and planning agencies. We used 4 years
of breeding owl survey data (1998–2001) and GIS layers representing topographic, anthropogenic, and
vegetation-based landscape characteristics to build logistic regression models of owl nest-site occurrence.
Models were used to develop spatial predictions of occurrence within the study area and in adjacent ecore-
gions, which were validated with an independent dataset. We also compared the predictive performance
ogistic regression of two vegetation layers differing in their floristic detail and spatial accuracy. The model based on a local
vegetation layer generally exhibited better model performance than the model based on the more generic
regional layer. Model results indicated that forest connectivity and topographic conditions, rather than
forest type or age, were the strongest predictors of nesting owl presence. Predicting outside the original
study area was somewhat successful for a coastal ecoregion similar in vegetation and climate, but not
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ccurate vegetation GIS layers may only exist for small areas, often
oinciding with publicly owned lands, thereby limiting the ability
o extrapolate predictions to nearby areas with poor data coverage.
urthermore, even if coarser GIS layers with larger extents are used,
abitat relationships may differ from one region to the next, also

imiting the potential for extrapolation (Thogmartin and Knutson,
006; Osborne et al., 2007). This highlights the importance of
ssessing the reliability and generality of the models selected, as
ell as independently validating model predictions.

This study evaluates the utility of locally derived occurrence
odels for a federally listed subspecies, the Northern Spotted Owl

Strix occidentalis caurina, hereafter “owl”), at its southern range
imit. The Northern Spotted Owl ranges from southern British
olumbia to central California, with the San Francisco Bay marking
he southern end of the subspecies’ range (Gutiérrez, 1996). The

arin County population is small (∼75 individuals) and relatively
solated from the adjacent populations to the north in Sonoma and
apa counties. While the Marin population appears stable, with

he highest reported density for the species and consistently high
ecundity (Anthony et al., 2006), it faces threats that are primar-
ly associated with its proximity to the greater San Francisco Bay
rea, including urban development along open space boundaries,
ntense recreational pressure, and genetic isolation (Barrowclough
t al., 2005).

Throughout its range in the Pacific Northwest, the Northern
potted Owl has been shown to select mature and old-growth
tands for nesting and roosting (Forsman et al., 1984; Carey et al.,
990; Hershey et al., 1998), generally preferring areas with less
verall forest fragmentation (Lehmkuhl and Rafael, 1993; Hunter
t al., 1995; Meyer et al., 1998). Farther south in northwestern Cal-
fornia, a shift in prey from flying squirrels (Glaucomys sabrinus) to

oodrats (Neotoma spp.) is thought to lead to notable differences in
abitat suitability (Noon and Franklin, 2002), with greater owl use
f ecotones between old-growth forest and other vegetation types
Franklin et al., 2000). At the far southern end of the range in cen-
ral California, however, habitat relationships are less well known,
nd this area has not been included in regional habitat suitabil-
ty analyses (Franklin et al., 2000) or distribution modeling (Zabel
t al., 2003) for northwestern California. This isolated population
s thought to be somewhat anomalous, with the highest reported
ensities throughout the subspecies’ range (Chow, 2001), and nests
hat have been found in a wide range of forest types and ages (Chow,
001).

The goal of this paper was to develop and assess the util-
ty of locally derived occurrence (nest-site location) models for
he southernmost Northern Spotted Owl population. We accom-
lished this via several specific objectives: (1) to generate spatial
redictions of nest-site occurrence useful to land managers, local
overnments, and wildlife biologists; (2) to test the models’ appli-
ability outside the original study area using independent datasets
rom less well-studied regions; (3) to identify forest characteristics
ssociated with owl nest-site occurrence at its southern range edge
nd compare our findings with those from core northern parts of its
istribution; and (4) to determine whether the improved accuracy
nd floristic detail of locally produced GIS vegetation layers results
n higher model accuracy (based on independent test data) than

ore generic statewide vegetation layers.

. Methods
.1. Study area

We conducted owl surveys in western Marin County, California,
he majority of which is contained in National Park Service (here-
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fter “park”) ownership. Much of the area’s commercially viable
oniferous forests were logged in the late 1800s through the 1950s
Evens, 1993) and are now re-growing on public lands, creating a

osaic of mature second-growth conifers, uncut hardwoods and a
ew old-growth conifer stands. Although timber harvest no longer
ccurs, residential development, combined with cattle grazing, has
esulted in a relatively patchy forest distribution and an extensive
ildland–urban interface (Radeloff et al., 2005). Within protected
arklands, relatively unperturbed forest occurs within a matrix of
abitat patches that includes scrub, rangeland and other non-forest
abitats.

Forest types used for nesting by the owl include Douglas-
r (Pseudotsuga menziesii), coast redwood (Sequoia sempervirens),
ishop pine (Pinus muricata), and mixed hardwood forests com-
rised of tanbark oak (Lithocarpus densiflorus), coast live oak
Quercus agrifolia), and California bay laurel (Umbellularia califor-
ica). The most common forest type, Douglas-fir, has an extensive
econdary canopy of California bay laurel and other hardwoods as
ell as an understory of hazel (Corylus californica) and coffeeberry

Rhamnus californica).

.2. Owl occurrence data

We systematically surveyed a nearly contiguous 171 km2 area
overing national parkland (Point Reyes National Seashore and
olden Gate National Recreation Area) and a local water district

Fig. 1) for owl occupancy in 1997 and 1998, using modified stan-
ard protocols (Forsman, 1995). Selected nest sites and activity
enters (areas where we repeatedly observed consistent occupancy
y owl pairs, but no nests were found during the study period)
ithin this core study area were annually monitored from 1998

hrough 2001. Nest-site locations were recorded with GPS units at
5 m accuracy or greater. Owl pairs typically nested within a few
undred meters of the previous year’s nest, or re-used the same
est, and we considered the resulting cluster of nest locations as a
ingle site, randomly selecting 1 year’s nest to represent each site.

To construct models for nest-site occurrence, we used 44 occu-
ied sites and generated 88 random point locations, inside the
urvey area but at least 100 m from all known nest or pair loca-
ions (minimum nest distance = 178 m; mean distance to nearest
est = 1023 m). Because owl nests occurred exclusively in forest
abitat, random points were also constrained to fall inside forest
abitat. Random points were generated in a GIS using ArcView 3.2a
ESRI, 2000) and standard extensions. Because the area had been
xtensively surveyed, and most pairs were monitored over several
ears, randomly chosen locations were assumed to represent sites
ot used for nesting. Although owl pairs often nest at sites more
han 100 m apart in subsequent years, we allowed this relatively
lose proximity for random points to maximize spatial coverage of
he study area and to improve our ability to discriminate between
ites with similar environmental conditions.

.3. Nest-site metrics

For each nest and random location, we calculated a suite of point
nd landscape metrics from GIS layers using ArcView 3.2a (ESRI,
000) and standard extensions. Point metrics were measured at
he specific nest site or random point, while landscape metrics were
alculated for circular areas around the points, using overlapping
00-, 400- and 800 m radii. To determine the radii for calculating
andscape metrics, we started at 200 m and doubled the radius until
e reached a value close to half of the median distance between
est sites (661 m) (see similar methods described in Franklin et al.,
000). Thus, circles of 800 m radius were assumed to be the largest
ossible without significant overlap between adjacent territories.
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ig. 1. Marin owl study area exhaustively surveyed in 1997 (bold outline), nest loca
263Ak, 263Al); SO = Sonoma (263Ag); NA = Napa (263Am) (Miles and Goudey, 1997

evertheless, there was some overlap between the circles used to
alculate landscape metrics for nests and random points: 4639 ha
f a 14,543-ha total area for the 800-m radius circles.

Point metrics included south and west aspect (difference
etween measured aspect, and 180◦ and 270◦, respectively), and
istances to the nearest stream and road. Landscape metrics

ncluded mean slope, mean elevation, elevational position in
atershed ((nest elevation—minimum elevation within a 400-m

adius)/total elevation range within a 400-m radius), forest cover
roportion, proportion of various vegetation cover types (conifer
ersus hardwood, and specific dominant tree species), forest stand
ize class (a proxy for age), and total forest edge (Table 1).

.4. Vegetation data layers

For model comparison purposes, we calculated all vegetation-
elated variables from each of two available GIS-based vegetation
ayers. The first vegetation layer we used was developed by the

oint Reyes National Seashore for park-managed areas. It was gen-
rated by an intensive mapping process involving the sampling
f representative vegetation plots, manual delineation of polygons
rom 1:24,000 scale true color aerial photos (1994) at a minimum

apping unit of 0.5 ha, and extensive field verification (Schirokauer

1

(
d
h

circles), forest cover (white), and subregion boundaries (dashed lines). MA = Marin
t map shows the species’ California range.

t al., 2003). Vegetation units were classified at a high botanical
esolution following the Manual of California Vegetation (MCV,
awyer and Keeler-Wolf, 1995). Classification accuracy of general
over types was greater than 80% (Schirokauer et al., 2003). This
egetation layer was combined with a similar vegetation layer for
he adjacent water district lands, with vegetation classifications
rouped into general cover types. The resulting layer is hereafter
eferred to as the “local” vegetation layer.

The second vegetation layer used was developed for California
orestlands as a joint effort between the U.S. Forest Service and the
alifornia Department of Forestry and Fire Protection (1999), and
iled by ecological subregion (Miles and Goudey, 1997). This layer is
ereafter referred to as the “regional” vegetation layer. This dataset
as developed using an automated classification of 1994 LANDSAT
satellite imagery and minimum mapping unit of approximately
ha and had no published accuracy assessment. Vegetation types
ere classified according to the Classification and Assessment with

ANDSAT of Visible Ecological Groupings (CALVEG) system (USFS,

978), which has less floristic detail than MCV.

Both vegetation layers represented conditions in the same year
1994), although they preceded the collection of owl occurrence
ata (1997–2001). While vegetation was not generally thought to
ave changed much over that time period, a large area (49 km2),
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Table 1
Names and descriptions of candidate point and landscape variables (200-m, 400-m, and 800-m radius areas around point, denoted with numbers 2, 4, and 8, respectively)
used to construct owl nest-site occupancy models, in order of model entry.

Category Description (units) Type Name(s)

Topography Mean elevation (m) Landscape Elevat2-4-8
Position on slope (proportion) Point Shedpos
Mean slope (degrees) Landscape Slope2-4-8
South aspect (degrees) Point Aspectsouth
West aspect (degrees) Point Aspectwest
Distance to nearest stream (m) Point Streamdist

General vegetation Forested proportion Landscape Forest2-4-8
Conifer proportion Landscape Conif2-4-8
Hardwood proportion Landscape Hardwds2-4p-8

Specific vegetation Douglas-fir (Pseudotsuga menziesii) proportion Landscape Dougfir2-4-8
Redwood (Sequoia sempervirens) proportion Landscape Redwood2-4p-8
Bishop Pine (Pinus muricata) proportion Landscape Bishop2p-4p-8
Coast Live Oak (Quercus agrifolia)/Tanbark oak (Lithocarpus densiflorus) proportion Landscape Oak2p-4p-8
California Bay Laurel (Umbellularia californica) proportion Landscape Bay2p-4p-8
Riparian proportion Landscape Riparian2-4-8
Shrub proportion Landscape Shrub2-4-8
Grass proportion Landscape Grass2-4-8
Urban proportion Landscape Urban2-4-8
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orest stand maturity Mean size class (1-5)

orest fragmentation Total forest edge length (m/ha)
Distance to nearest road (m)

ontaining two random points (but no owl nests through 2007),
as burned in a stand-replacing fire in 1995 (Ornduff, 1998; Fellers

t al., 2004).

.5. Model selection

For each variable of specific interest (Table 1), we compared the
eans and standard deviations of nest locations (occupied sites)

nd random points (presumed unoccupied) for descriptive pur-
oses. For landscape variables, we compared across the three radii
xamined (200, 400, and 800 m). We also evaluated the influence
f each variable on nest presence/absence using logistic regression
nalysis (Hosmer and Lemeshow, 2001).

For 44 nests and 88 random points, we then constructed logistic
egression models to predict nest-site occurrence using Stata 8.0
StataCorp, 2003). Logistic regression has been described as inap-
ropriate for modeling habitat selection in use-availability studies
here areas of non-use are unknown (Keating and Cherry, 2004).
owever, the complete coverage of our surveys meant that we were
ble to use data from nearly an entire population (as opposed to a
ample), such that non-use areas were well known. Logistic regres-
ion is thought to perform well with presence-only data collected
sing comprehensive survey strategies such as ours (Wintle et al.,
005).

For each vegetation layer (local and regional), we developed
odels using a hierarchical approach to variable selection, based

n the hypothesized relative importance of each category of vari-
bles (Table 1, in order from top to bottom) using the radii for
hich the univariate relationships in logistic regression models
ere most significant. For each successive variable added to the
odel, we used a likelihood ratio statistic (Hosmer and Lemeshow,

001) to evaluate whether the variable should be retained in the
odel (˛ = 0.05). We hypothesized that physical topographic char-

cteristics (e.g., slope position, aspect) would have the largest
nfluence on nest-site location, followed by general forest com-

osition (conifer/hardwood proportion), specific forest types (e.g.,
ouglas-fir, Coast Redwood) and surrounding non-forest vegeta-

ion types (e.g., shrub, grassland), forest stand maturity (size class),
nd forest fragmentation (forest edge length and distance to nearest
oad).

v
v
C
l
i

Landscape Whrsize2-4-8

Landscape Edgelength2-4-8
Point Roaddist

We compared Akaike’s Information Criterion (AIC) (Akaike,
974) and Receiver Operating Characteristic (ROC) plot area under
he curve (AUC) values (Fielding and Bell, 1997) from each of the
esulting two models to evaluate model fit and suitability. We
lso compared the percent of sites correctly classified as occupied
r unoccupied by each model, using the probability cut-off that
aximized model sensitivity (percent of actual occupied sites iden-

ified by the model) plus specificity (percent of model-predicted
ccupied sites that were actually occupied). A different probability
ut-off was determined for each model.

.6. Model validation

For each vegetation layer, we extrapolated resulting models
hereafter referred to as “local vegetation” and “regional vegeta-
ion” models) to the rest of the study area and, where possible, to
he ecological subregions (Miles and Goudey, 1997) covering the
orested portions of surrounding counties, hereafter referred to as
he Marin, Sonoma, and Napa subregions (Fig. 1). We developed
0 m by 30 m model prediction surfaces using ArcGIS 8.1 (ESRI,
001).

To evaluate our models within the Marin subregion, we used
wl nest locations that were identified and monitored using the
ame protocols as the nest locations used to build our models. To
valuate our models within the Sonoma and Napa subregions, we
sed a California Department of Fish and Game database of North-
rn Spotted Owl occurrence records, many of which are not nest
ocations, but represent approximate activity centers for known
airs.

For the local vegetation models, we were limited to the area
overed by the local vegetation layer. Thus, we used a small set
f nests from the Marin owl database that were located within this
rea (Fig. 1). For each owl pair that used more than one nest site, we
andomly selected one site for our validation (N = 10). For compar-
son purposes, these nests were also used to evaluate the regional

egetation models. In addition, we were able to use data from a
egetation layer similar to the local layer, but produced for Napa
ounty, to develop predictions for the Napa subregion; the Napa

ayer was produced with the same mapping protocols as were used
n Marin County (Thorne et al., 2004). To evaluate these model pre-
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etation model predicted significantly more suitable nest sites than
expected by chance (Table 4).

Using the regional vegetation models, suitable nesting habitat
across all three subregions was predicted to be 40,049 ha (Fig. 4).
Overall, and within the Marin and Sonoma subregions, the model

Table 2
Logistic regression model coefficients and standard errors for nest-site occupancy
models based on local and regional vegetation data (N = 132). See Table 1 for variable
definitions. See Table 3 for model statistics.

Model Variable Coefficient Standard error

Local vegetation Elevat2 −0.0182 0.00486
Shedpos −4.69 1.75
Aspectsouth 0.0138 0.00543
Forest4 3.59 2.70
Bishop8 −2.25 1.56
Urban2 −46.5 35.1
Edgelength2 −0.0388 0.0151
Constant 1.28 2.62
ig. 2. Means and standard errors of landscape variables retained in final models at
quare = random. See Table 1 for variable definitions. Local = derived from local vege

ictions, we used records from the California owl database that
verlapped this area (N = 31).

To evaluate the regional vegetation models, we used all records
rom the Marin owl database that fell outside the original study
rea within the Marin ecoregion (N = 24), and all records from the
alifornia owl database that fell within the Sonoma (N = 74) and
apa (N = 45) ecoregions. We evaluated the models separately for
ach of the three subregions in order to assess relative predictive
bility.

Logistic regression model predictions consisted of a probability
f owl occurrence for each forested pixel within the prediction area
subregion). For comparison of these predicted probabilities with
ctual owl nest sites, we chose the cut-off probabilities that maxi-
ized correct classification (model sensitivity plus specificity) for

he original nest locations (Hosmer and Lemeshow, 2001). We then
lassified our validation points (N actual nest sites) as occupied (X)
r unoccupied (N − X) based on those cut-off values. The propor-
ion of actual nests classified by the model as occupied (X/N) was
ompared to the overall proportion of the forested area within a
ubregion that the model predicted as occupied (P). For each model,
e calculated the exact binomial probability of observing X or more

ccupied sites, given that Y = P × N were expected. We considered
his equivalent to testing whether or not owls used sites with high

odel values in higher proportions than their regional availability,
nd thus, whether our models provided more information about
otential habitat suitability than did the distribution of forest habi-
at alone. However, where the model predicted fewer nest sites to
e occupied than expected (X < Y), we calculated the exact binomial
robability of observing X or fewer occupied sites.

. Results

.1. Nest-site habitat associations

Of the point- and landscape-level variables examined, the
00-m and 400-m radius variables generally resulted in higher dif-
erences than the 800-m radius variables (Fig. 2). Thus, for the local
egetation layer, all but one of the landscape variables (bishop pine)

onsidered for the logistic regression models were based on 200-

or 400-m radius areas around the nest/random sites. For the
egional vegetation layer, all but three landscape variables (bishop
ine, California bay laurel, and shrub) were based on either 200-m
r 400-m radius circles.

R

r more scales (200-, 400-, or 800-m radius distances). Filled diamond = nest; open
layer; regional = derived from regional vegetation layer.

Resulting models indicated that owl nest sites were more likely
o occur at south-facing sites that were lower in the watershed, as
ell as lower in mean elevation within 400 m, and with a higher
roportion of woodland within 400 m (Table 2). Local vegetation
odels also indicated that nest sites were more likely to occur at

ites with a lower proportion of bishop pine within 800 m, a lower
roportion of urban development within 200 m, and less woodland
dge within 200 m. Regional vegetation models did not reveal any
ssociations with landscape-level cover of specific tree species or
tand maturity/size.

.2. Model validation

Within the original study area, local vegetation models per-
ormed better than regional vegetation models, with respect to
IC, ROC AUC, and proportion of original nest sites correctly classi-
ed (Table 3). Of the 18,960 ha of forest contained within this area,
132 ha were predicted to provide suitable nesting habitat based on
he local vegetation models (Fig. 3), while 4942 ha were predicted to
e suitable based on the regional vegetation models (Fig. 4). Using

ndependent nest locations as validation points, only the local veg-
egional vegetation Elevat2 −0.0111 0.00361
Shedpos −3.44 1.36
Aspectsouth 0.00773 0.00447
Forest4 7.40 1.95
Constant −4.65 1.68
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Table 3
Logistic regression model diagnostics for nest-site occupancy models based on local and regional vegetation data (N = 132). The probability cut-offs were based on the values
at which model sensitivity + specificity was maximized, and represent the predicted probability above which nest sites were classified as occupied (used to determine the
proportion correctly classified).

Model d.f. Pseudo R2 AIC ROC AUC Probability cut-off Proportion correctly classified
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ocal vegetation 8 0.463 98.23
egional vegetation 5 0.317 124.8

lassified the validation points with significantly greater success
han would be expected by chance alone (Table 4). Within the Napa
ubregion, however, the model performed worse than expected by
hance alone. The local vegetation model also performed worse
han random within the portion of the Napa subregion for which a
etailed vegetation layer was available (Table 4).

. Discussion

.1. Habitat associations

Other than the proportion of surrounding forest cover, topo-
raphic conditions were the strongest predictors of owl nest-site

ccurrence, with occupied sites lower in the watershed and
ore southfacing than unoccupied sites. The importance of slope

osition may be explained by a variety of factors, including sus-
eptibility to heat stress, predator avoidance, prey abundance and
vailability, and nest structure availability (Barrows, 1981; Carey et

t
t
r
a
o

ig. 3. Predicted probability of Spotted Owl occurrence for the area covered by the local
reas of predicted occurrence based on probability cut-off values that maximized sensitiv
orest cover. Black circles are nest sites used for model-building; white circles are validati
– – –
0.916 0.434 0.856
0.865 0.355 0.796

l., 1992; Hershey et al., 1998; Folliard et al., 2000). Lower areas
re, by definition, closer to surface water and therefore have lower
verage temperatures than adjacent uplands, possibly providing
etter growing conditions and larger trees for nesting. South-facing
lopes may also contain larger individual trees, and tend to be more
heltered from spring and summer northwesterly winds.

In contrast with other studies, we found that, at the landscape
cale, Marin owls were no more likely to be found in conifer-
ominated areas than hardwood-dominated areas, and there did
ot seem to be a major influence of specific tree species composition
n owl nest-site occurrence. Although the local vegetation model
dentified a negative association with the proportion of bishop pine
orest within an 800-m radius, this effect may be related to the
995 Vision fire, in which bishop pine forest was the primary vege-

ation type burned (Fellers et al., 2004). These results may indicate
he generalist characteristics of this subspecies in this part of its
ange, where it utilizes a variety of forest types and nest tree char-
cteristics. It may also be attributable to the high interspersion
f conifer and hardwood types within our study area, which may

vegetation layer (see Table 2 for model parameters). Dark gray shading represents
ity vs. specificity in the original datasets (0.43). Light gray shading depicts current
on nest sites.
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ig. 4. Predicted probability of Spotted Owl occurrence for the Marin, Napa, and Sono
ark gray shading represents areas of predicted occurrence based on probability cu
ray shading depicts current forest cover. White circles are validation nest sites. Bla
epresent an optimal mix of habitats with respect to prey density
nd accessibility (Ward et al., 1998). Thus, a conifer versus hard-
ood classification may be arbitrary in some cases, and may not

dequately describe the actual habitat mosaic.

t
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able 4
lassification of validation nest sites in Marin, Napa, and Sonoma subregions, according
he “expected random” column were determined by the overall proportions of the foreste
epresents the numbers of actual nests classified by the model as occupied/unoccupied. P

Regional vegetation
Subregion (n) Expected random Actual ne

ccupied Marin (10) 2.97 5.0
noccupied 7.03 5.0

0.146

ccupied Marin (24) 4.43 11.0
noccupied 19.58 13.0

0.0019

ccupied Napa (45) 3.6 1.0
noccupied 41.4 44.0

0.115

ccupied Sonoma (74) 18.9 32.0
noccupied 55.1 42.0

0.0007

ccupied Overall (143) 27.2 44.0
noccupied 115.8 99.0

0.0005

a Areas predicted to be occupied were based on cut-off values corresponding to the m
0.43 for local vegetation model; 0.36 for regional vegetation model).

b For the Marin and Sonoma subregions, P values represent the exact binomial probabili
f the area that the model predicted as occupied. For the Napa subregion, P values represen
bregions based on the regional vegetation layer (see Table 2 for model parameters).
alues that maximized sensitivity vs. specificity in the original datasets (0.36). Light
line indicates the area covered by the local vegetation layer and depicted in Fig. 3.
We detected no response to mean stand size, which con-
rasts with results from many other Northern Spotted Owl studies
Forsman and Griese, 1997; Hershey et al., 1998; Folliard et al.,
000) and may be due to the relatively young age of Marin forests,

to local and regional vegetation models (Table 2). For each model, the numbers in
d area that were predicted to be occupied/unoccupieda; the “actual nests” column
values represent exact binomial probabilitiesb.

Local vegetation
sts Subregion (n) Expected random Actual nests

Marin (10) 2.18 5.0
7.82 5.0

0.046

– – –
– – –
– – –

Napa (31) 2.0 1.0
29.0 30.0

0.388

– – –
– – –
– – –

– – –
– – –
– – –

odel probabilities that maximized sensitivity vs. specificity in the original dataset

ties of observing at least the number of occupied actual nests, given the proportion
t the exact binomial probability of observing fewer than the occupied actual nests.
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s well as the predominance of hardwood tree species. Mature tan-
ark oak, California bay laurel and coast live oak trees do not attain
he same size as Douglas-fir and redwood trees, making it difficult
o infer age differences in mixed conifer/hardwood habitat based
n size. Apparently, all available stand size classes within the rel-
tively narrow range of available sizes are important to the Marin
orthern Spotted Owl population, making it more similar to the
exican (S. o. lucida) and California (S. o. occidentalis) subspecies,
hich also use a wide variety of habitat types and ages (Seamans

nd Gutiérrez, 1995; Moen and Gutiérrez, 1997; Peery et al., 1999;
olliard et al., 2000).

However, Marin owls did appear to be negatively affected by
abitat fragmentation (measured as the amount of woodland edge
ithin 200–800 m) and anthropogenic impact (as represented

y the proportion of urban development within the surrounding
00–800 m). The negative edge effect appeared to be due primarily
o urban and grassland edges, with the latter consisting primarily
f grazed, non-native annual grasslands. For the most part, urban
dges within the study area were not hard edges, but represented
ooded residential lots. Thus, we suspect that the fragmentation

ffect may be due to anthropogenic disturbance, rather than habi-
at non-suitability. However, Great Horned Owls (Bubo virginianus)
re also known to forage along urban and grassland edges (Bennett
nd Bloom, 2005), and as an owl predator and competitor (Forsman
t al., 1984), they may play a role in edge avoidance.

.2. Scale of response

Marin owls appeared to respond more strongly to landscape
onditions within a 200-m or 400-m radius, compared to an 800-m
adius. This corresponds with other studies that found the larger
he radius examined, the smaller the differences (Hunter et al.,
995; Meyer et al., 1998; Swindle et al., 1999; Thome et al., 1999),
lthough the ranges of radii examined were larger than ours. Given
he relatively high density of this population, as well as high land-
cape heterogeneity at small spatial scales, we would expect more
mmediate local conditions to have greater influence on nest-site
ccurrence. However, the overlap between nest and random point
haracteristics at the 800-m radius distance may also contribute to
he relatively weak relationships at this scale.

.3. Model performance

Within the study area, the local vegetation layer produced a bet-
er model than the coarser regional vegetation layer, in terms of
xplanatory power, model fit, and classification success (original
nd independent datasets). Comparing the two models, variables
ad similar effects, but fewer variables were present in the regional
egetation model, suggesting that this data layer was too coarse to
epresent habitat edges and discriminate between meaningful veg-
tation types at a spatial scale relevant for owls. Thus, the higher
patial accuracy and more detailed vegetation classification sys-
em of the local layer may better reflect habitat conditions for the
wl at a scale meaningful for management. Several researchers
ave demonstrated the importance of spatial resolution (Li et al.,
006) and botanical detail of vegetation/cover layers (Lawler et al.,
004; Manton et al., 2005), as well as the scale of landscape metrics
Parody and Milne, 2004; Johnson et al., 2005) in the development
nd interpretation of habitat suitability models.

Nonetheless, some information is always lost in creating a vege-

ation classification from an aerial image. All vegetation layers rely
n human-defined vegetation classifications that may not repre-
ent the conditions to which owls respond. Thus, modeling with
nclassified raw imagery (spectral signatures, rather than a priori
egetation classes), especially hyperspectral (Ustin and Trabucco,

a
o
a
a
l
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000; Tuttle et al., 2006) or high-resolution imagery (Pasher et al.,
007), may be more useful than detailed, accurate vegetation clas-
ification for improving model predictive power (Suarez-Seoane
t al., 2002). Additional factors not readily captured in remotely
ensed imagery or classified vegetation layers, such as nest tree
haracteristics and prey availability, may also explain additional
ariability in site suitability.

.4. Extrapolation to new areas

Although the local vegetation layer resulted in a better model
or our study area, it appears that the regional vegetation layer was
dequate for prediction purposes within the neighboring Marin
nd Sonoma subregions. Indeed, distributions of many bird species,
specially large-bodied and/or wide-ranging species, have been
hown to be well predicted by general land cover data (Seoane et
l., 2004) and landscape pattern (Loyn et al., 2001).

While model extrapolation to adjacent subregions generally
nder-predicted owl sites, this may be due in part to the low spatial
esolution of the validation dataset, which represents owl activ-
ty centers, and not necessarily specific nest sites. Given the low
nter-annual variation in within-pair nest-site locations, however,

e would expect these activity centers to be reasonable substitutes
or actual nest locations.

The model performed much better in the coastal Sonoma subre-
ion, which is more similar — in elevation, climate and vegetation
to Marin than the inland Napa subregion. This suggests that our
odel results should only be applied under similar habitat con-

itions, and that each subregion may require a separate model,
referably with vegetation layers similar to the local layer used
ere. By extension, our results are certainly not applicable in the
acific Northwest, or even northern California, where topography,
orest types and prey species differ (Forsman et al., 1984). In general,
ur results support the notion that regional stratification is a pru-
ent approach to modeling species’ habitat associations (Cardillo
t al., 1999). Geographically weighted regression is another option
hat allows simultaneous fitting of geographically specific habitat
elationships (Osborne et al., 2007).

Although it was not possible to develop a narrow definition of
wl nesting areas in this region based on traditional criteria such as
orest type or size class, we found that landscape-level character-
stics such as forest connectivity and topographic conditions were
mportant predictors of owl occurrence, and that spatial predictions
ased on locally derived models were useful for understanding the
atterns of habitat use. Within our study area, the models fit the
ata reasonably well and could be used to predict nest-site loca-
ions with high certainty. In other similar coastal areas, our models
ad less certainty, but were well suited to provide a coarse-filter

dentification of potential habitat, which may then be surveyed on
he ground for precise owl locations. Our model predictions have
een used by local planning agencies to identify areas where owl
urveys should be conducted prior to proposed developments and
ther projects.

. Conclusions

The Marin Northern Spotted Owl population is somewhat
nomalous, in terms of its high density and generalist vegetation
ssociations. It is possible that the heterogeneous forest conditions

long with the dense prey base (Willy, 1992) provide owls with
ptimal habitat conditions, explaining the localized high density
nd broad range of habitat types used for nesting. The definition
nd mapping of locally relevant habitat associations has allowed
and managers, local governments, and wildlife biologists to bet-
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er understand and protect owls and their habitat in Marin. In light
f the negative associations that we found between habitat frag-
entation, urban development, and nest-site occurrence, it will

e important to maintain the continuity of forested habitats and
o assess the cumulative impact of development within the home
anges of owls in Marin.

Although logistic regression models can be a useful tool in
redicting bird distributions and habitat occupancy, our results
lso demonstrate the value of using locally derived models to
evelop predictive maps. Our results also highlight the caution
hat should be exercised when predicting outside of the range of
ne’s original dataset. However, depending on management goals,
imple, hypothesis-driven spatial models may be used successfully
s coarse filter detectors of potential owl habitat, saving time and
esources for land managers.
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