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Abstract

We monitored the riparian bird community for 
two years following the 1995 Vision Fire in the 
Point Reyes National Seashore (PRNS), Marin 
County, Cal i for nia. We compare bird and 
vegetation data on burned and unburned sites 
within PRNS and the Golden Gate National 
Recreation Area. Bird abundance, as indexed 
by fi xed-radius point counts, was higher for 
sev er al shrub-nesting species at burned sites 
than at un burned sites. For some tree nest ing 
spe cies, however, abundance was lower at 
burned sites. A comparison of vegetation data 
collected at the bird survey points showed that 
burned riparian had sig nifi   cant ly less tree cover 
and had greater shrub and herb cover than un-
 burned sites. Re pro duc tive success and sur viv al 
may serve as better in di ca tors of habitat quality 
and pop u la tion health than abun dance of indi-
viduals. There fore, we lo cat ed and monitored 
nests of the Song Sparrow (Melospiza melodia) 
– a spe cies whose abun dance was greater in the 
re cent ly burned riparian hab i tat – to es ti mate 
nest survival at one burned site (Muddy 
Hol low) and two unburned sites (Lagunitas 
and Olema Creeks). We then built population 
growth rate models ( ) to de ter mine the rel-
 a tive “source-sink” status of this species by site, 
to index local pop u la tion health. Nest sur viv al 
was sig nifi   cant ly higher on the burned site than 
the un burned sites, and the  values suggested 
that the burned site was a population source 
while the unburned sites were sinks.  The fact 
that abun dance and re pro duc tive success were 
higher at the burned site is intriguing because 
it suggests that high Song Spar row abundance 
can be used to infer habitat quality in coastal 
riparian areas, but more rigorous studies are 
need ed.  Our results provide evidence that fi res 
in riparian zones may benefi t breeding popula-
tions of songbirds (given the right conditions 
and timing) and high light the utility of mon i -
tor ing programs to land man ag ers.

Introduction

On 3 October 1995, an illegal campfi re erupted 
into a wildfi re (Vision Fire) that, over the next 
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12 days, burned more than 12,000 acres of the 
Point Reyes National Seashore (PRNS) and 
surrounding land-holdings. Fueled by atypi-
cally dry 50-mph winds, the rate of spread of 
the fi re reached 3,100 acres per hour.  The fi re 
was classifi ed as low to moderate intensity and 
several diff erent habitat types burned. We used 
standardized landbird monitoring methods to 
assess whether the Vision Fire had any impact 
on the riparian-breeding songbird community.

We compared bird and vegetation data on 
burned and unburned sites to: (1) Assess 
whether the fi re infl uenced abundance of 
riparian-breeding landbirds. We predicted that 
species would respond diff erently to the fi re 
depending upon their particular life-history 
characteristics. (2) Characterize habitat changes 
caused by the fi re and qualitatively relate them 
to bird response. For example, a ground-
nesting bird may respond diff erently than a 
tree-nesting bird due to changes in vegetation 
caused by the fi re. (3) Estimate site-specifi c 
population “health” for the Song Sparrow (Me-

lospiza melodia) in burned versus unburned 
sites. We indexed habitat quality by building 
source-sink models (Pulliam 1988). A source 

population is one in which the production 
of young surviving to breeding age exceeds 
adult mortality. These populations will sustain 
themselves and/or export excess individuals 
to other populations. A sink population is one 
in which young are not produced in suffi  cient 
numbers to compensate for adult mortality. 
Sink populations will either go locally extinct 
or be maintained by individuals produced 
elsewhere.

Source and sink populations often form net-
works or landscapes of populations joined by 
immigrants and emigrants, and a single source 
population may eff ectively maintain many sink 
populations (Pulliam 1988).  Thus, population 
dynamics cannot be understood at the single 
population level.  Sink populations have the 
potential to drain source populations that, 
in turn, could lead to widespread pop u la tion 
declines, though sinks are not without value 
(see Howe et al. 1991).

Methods

Study Sites
We used data from an on-going monitoring 
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program to in ves ti gate songbird response to 
the Vision Fire.  All study sites were located 
within the Point Reyes National Seashore and 
the Golden Gate National Recreation Area, 
coastal Marin County, California. A total of six 
riparian forests made up our study areas, three 
burned and four unburned (Table 1). Intensity 
of the fi re at our study sites was classifi ed 
as “low” with the ex cep tion of a portion of 
Muddy Hollow that was “mod er ate”.  

Vegetation at all study sites was similar. Trees 
were mostly Red Alder (Alnus rubra) and 
willow (Salix spp.) with lesser amounts of Cali-
fornia bay (Umbellularia californica), coast live 
oak (Quercus agrifolia), and California buckeye 
(Aesculus californica). The understory included 
saplings of the tree species as well as California 
blackberry (Rubus ursinus), rush (Juncus spp.), 
hedge nettle (Stachys sp.), stinging nettle 
(Urtica californica), and a wide variety of other 
herbs and grasses. The area surrounding our 
study sites is mostly a mosaic of coastal scrub 
and/or mixed evergreen forest typical of the 
region (Shuford and Timossi 1989).

Relative Abundance
We estimated relative abundance of birds using 
the point count method (Ralph et al. 1993, 
1995). At each study site we es tab lished a series 
of point count survey stations at least 200 m 
apart. Point count stations were surveyed three 
times by trained observers, at least 10 days 
apart, during the summers of 1997 and 1998. 
The duration of each count was 5 minutes, and 
all birds seen or heard were recorded. We used 
only de tec tions within 50 m of the observer 
and made the as sump tion that detection prob-
 a bil i ties were similar between treatments. All 
counts began around local sunrise and con-
tinued for no more than four hours to restrict 
the census to peak singing hours. A total of 38 
burned points and 49 unburned points (Olema 
Creek only used for site-specifi c comparisions, 
see below) were used in our analyses (Table 1).

Vegetation
We used a 50 m radius plot, or relevé (Ralph 
et al. 1993) to sample vegetation in burned and 
unburned forests in summer, 1997. We visually 
estimated the percent cover of the plot within 
each of three vegetation strata; tree, shrub 
and herb. Herbs consisted of both forbs and 
grasses. Shrubs and trees were distinguished 
by structure as opposed to by species. Thus a 
single species could be present as both shrubs 
and trees depending on size (> 5 m = tree). We 
noted the percent cover of dominant plant spe-
cies by strata, determined the maximum and 
minimum heights for each vegetation layer, and 
the maximum and minimum diameter at breast 
height of trees within the 50 m radius relevé. 
Additionally, we noted the width of the ripar-
ian zone, slope, aspect (direction of slope), 
percent cover of closed canopy, running water, 
bare ground, litter, and wetland vegetation.

Statistical Analyses of Bird Abundance and 
Vegetation Data
We (1) compared habitat characteristics be-
tween burned and unburned vegetation plots 
and (2) compared bird abundance between 
burned and unburned sites for 12 bird species 
that occurred on at least 10% of the point 
count sta tions. We also com pared Song Spar-
row abundance among the nest monitoring 
sites; Muddy Hollow, Lagunitas Creek, and 
Olema Creek in 1997 only. For our abundance 
index, we used the total de tec tions across 3 
visits; each survey point was treated as an inde-
pendent sampling unit. To account for potential 
site-specifi c diff erences unrelated to fi re eff ects, 
we used 3-way ANOVA that included site as a 
covariate in all analyses. Data were trans formed 
when necessary (log or square-root) to meet 
the assumptions of parametric analyses. For 
one species (Bewick’s Wren), we grouped 
count data into three categories of abundance 
after trans for ma tions failed to nor mal ize 
residuals of ungrouped data.  Signifi cance was 
assumed at the P < 0.05 level. All statistical 
anal y ses were carried out using the program 
STATA (STATA Corp. 1997).

Table 1.  Names, locations, and number of point count stations in burned and un burned riparian forests.  
The Olema Creek site was used only in the site-specifi c comparisons of Song Sparrow abundance (1997).

Study Site                               Latitude (N)                    Longitude (W) Number of Point Counts Stations

Burned                                                                              
Muddy Hollow                       38°02'                              122°48' 17
Coast Trail/Laguna                 38°02'                              122°52' 13

Coast Camp                            38°02'                              122°85' 8                                                              

Unburned                                                                         
Bear Valley                             38°03'                              122°48' 16
Redwood Creek                     37°51'                              122°34' 20
Lagunitas Creek                     38°02'                              122°45' 13
Olema Creek                          38°06'                              122°80' 13
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Source-Sink Model
The source-sink model ( ) employed here 
determines if a population can maintain itself 
without immigration or emigration (closed 
population) by estimating a population growth 
rate (Pulliam 1988). Components (demographic 
parameters) of the model are adult survival 
(probability that an adult will survive from one 
breeding season to the next), juvenile survival 
(survival from fl edgling age to breeding adult), 
and re pro duc tive success (probability of a nest 
surviving from egg laying to fl edging x number 
of nesting attempts x average number of young 
produced per successful nest).  We can write 
the equation for sources and sinks as:

λ = adult survival + (juvenile survival x repro-
ductive success)

A value of 1 indicates that a population is ex-
actly replacing itself, > 1 indicates that a popu-
lation is increasing or is a source, < 1 indicates 
that a population is declining or is a sink.

To obtain data necessary to estimate nest sur-
vival we located and monitored nests in 1997 at 
Muddy Hollow, Lagunitas Creek, and Olema 
Creek. We attempted to replicate the burned 
treatment by monitoring nests on Laguna 
Creek, a drainage that runs parallel to Muddy 
Hollow, but sample sizes were too low at this 
site to warrant analysis.

Nest searching and monitoring followed 
standardized procedures described by Martin 
and Geupel (1993). We attempted to determine 
the fate of each nest by checking nest status 
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every 1 - 4 days. A nest attempt was considered 
successful if it fl edged at least one Song Spar-
row young as evidenced by the presence of one 
or more of the following; fl edglings outside of 
the nest, nest condition and timing suggested 
fl edging (e.g., fecal matter on and around nest), 
adults carrying food in im me di ate vicinity of 
nest after expected fl edge date, young fl edged 
in response to the nest being checked by fi eld 
biologists. A nest was considered to have failed 
if it was dam aged and in ac tive, fl edged only a 
cowbird, eggs were damaged, nestling(s) found 
dead, and nest contents disappeared during 
egg laying, incubation, or the early nestling 
stage before fl edging would have been possible. 
Nests where success or failure may have both 
been possibilities, but none of the criteria for 
fl edge or fail assessment was met, were consid-
ered of uncertain fate.

We calculated nest survival using the Mayfi eld 
(1975) method as recommended by Johnson 
(1979) for computing standard errors. We 
calculated the nest termination date following 
Manolis et al. (2000). We computed daily nest 
mortality by dividing total number of nests that 
failed by total number of exposure days within 
each site.  The number of exposure days at 
each site were 220.0 from Muddy Hollow, 259.5 
from Lagunitas Creek and 147.5 from Olema 
Creek. Daily nest survival was thus calculated 
as 1 - daily mortality, and overall nest survival 
estimates were calculated as a function of this 
daily survival rate raised to the length of the 
average nesting cycle (24 days from Chase 
2002). For the other components of reproduc-
tive success, number of nestlings per successful 
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nest and number of nesting attempts, we used 
averages of 2.51 and 2.2, respectively (PRBO, 
un pub lished data). We compared daily nest 
survival among study sites using the program 
CONTRAST (Sauer and Williams 1989).

We used an adult survival estimate of 59.9% 
for Song Sparrow based on capture-recapture 
analysis using 14 years of mist-net data from 
the nearby Palomarin Field Station (Nur et al. 
2000). Similarly, we used an estimate of Song 
Sparrow ju ve nile survival of 38.4% from the 
Palomarin Field Station (Chase 2001). Survival 
estimates are probabilities that birds will sur-
vive from one year to the next, wheth er or not 
they were recaptured.

Results

Abundance varied for several species be tween 
burned and unburned sites (Table 2). There 
were fewer Pacifi c-slope Flycatchers and 
Chestnut-backed Chickadees in burned sites, 
and more Song Sparrows, Allen’s Hum ming -
birds, Orange-crowned Warblers, and Bewick’s 
Wrens in burned sites (see Table 2 for scientifi c 
names of species).

Several habitat characteristics diff ered be tween 
burned and unburned vegetation plots (Table 
3).  Burned plots had sig nifi   cant ly greater 
shrub and herb cover than unburned plots. 
Unburned plots, however, had sig nifi   cant ly 
greater tree cover, and the tree and shrub com-
 mu ni ties contained more species of plants than 
the burned plots (Table 3).

We located and monitored 22 Song Sparrow 
nests at Muddy Hollow, 23 at Lagunitas Creek, 
and 15 at Olema Creek (Table 4). Nest sur viv al 
was 0.64 at Muddy Hollow, 0.29 at Lagunitas 
Creek and 0.19 at Olema Creek. We found sig-
nifi cant diff erences in nest survival among all 
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sites (λ2 = 7.20, df = 2, P = 0.03). Between-site 
comparisons revealed that Muddy Hollow had 
higher nest survival than Lagunitas (λ2 = 3.85, 
df = 1, P = 0.05) and Olema (λ2 = 4.80, df = 1, P 
= 0.03) but Lagunitas and Olema did not diff er 
(λ2 = 0.45, df = 1, P = 0.5).

In 1997, Song Sparrow abundance was greater 
at Muddy Hollow than at Lagunitas Creek (F 
= 14.54, df = 1, P = 0.006) and Olema Creek (F 
= 7.87, df = 1, P = 0.009), but there were no dif-
ferences in abundance between Lagunitas and 
Olema (P = 0.63).

Estimates of λ using the observed nest survival 
estimate were 1.28 for Muddy Hollow and 
remained above 1.0 even when using our lowest 
and most conservative nest survival estimate 
(i.e., lower bounds of the 95% CI). Estimates of 
λ were below 1.0 for Lagunitas Creek (0.91) and 
Olema Creek (0.80). However, when we used 
our highest estimates (upper bounds of the 
95% CI) both Lagunitas and Olema were > 1.0.

Discussion

Variation in abundance between several spe-
cies in burned versus unburned sites may be 
attributable to habitat changes caused by the 
fi re.  Song Sparrows, Allen’s Hummingbirds, 
Orange-crowned Warblers, Bewick’s Wrens, 
Wilson’s Warblers, and American Goldfi nches 
were more abundant at sites that had burned 
than at the unburned sites (Table 2). These spe-
cies have an affi  nity for areas with moderately 
dense understory for nesting and foraging (re-
viewed in Shuford 1993) and burned sites had a 
richer and more abundant shrub layer than did 
unburned (Table 3). The Song Sparrow, for ex-
ample, primarily places its nests low (< 1.5 m) in 
shrubs and herbs and thus may have benefi ted 
from the greater amount of understory created 
by the fi re. The American Goldfi nch and the 

Table 2.  Comparison of bird relative abundance (mean number of detections [within 50 m] per survey station) between burned 
(n = 38) and unburned (n = 49) riparian sites, 1998. Alpha (P) values (burn effect term) are from three-way ANOVA with transect 
(study site) included as a covariate.  NS = non-signifi cant. Table taken from Gardali et al. (2003).

Species                                                                                 Burned (± SE) 95% CI              Unburned (± SE)          95% CI P value
                                                                                                                                                               
Allen’s Hummingbird (Selasphorus sasin)                         1.37 (± 0.19) 0.99-1.75          0.88 (± 0.15)                 0.57-1.19 0.03
Pacifi c-slope Flycatcher (Empidonax diffi cilis)                  0.55 (± 0.12) 0.30-0.80          0.61 (± 0.14)                 0.33-0.90 0.06
Warbling Vireo (Vireo gilvus)                                            0.37 (± 0.13) 0.11-0.63          1.18 (± 0.17)                 0.84-1.53 NS
Chestnut-backed Chickadee (Poecile rufescens)               0.47 (± 0.12) 0.22-0.72          1.51 (± 0.24)                 1.03-1.99 0.09
Bewick’s Wren (Thryomanes bewickii)                              0.84 (± 0.19) 0.45-1.24          0.24 (± 0.09)                 0.07-0.42 < 0.001
Swainson’s Thrush (Catharus ustulatus)                            1.53 (± 0.21) 1.11-1.94          2.14 (± 0.23)                 1.69-2.60 NS
American Robin (Turdus migratorius)                               0.55 (± 0.12) 0.30-0.80          0.49 (± 0.14)                 0.21-0.77 NS
Orange-crowned Warbler (Vermivora celata)                  1.13 (± 0.23) 0.67-1.59          0.31 (± 0.08)                 0.15-0.46 0.03
Wilson’s Warbler (Wilsonia pusilla)                                   2.5 (± 0.21) 2.08-2.92          2.08 (± 0.24)                 1.60-2.56 NS
Song Sparrow (Melospiza melodia)                                   5.29 (± 0.33) 4.61-5.96          3.53 (± 0.29)                 2.95-4.11 0.004
Black-headed Grosbeak (Pheuticus melanocephalus)      0.55 (± 0.14) 0.26-0.85          0.86 (± 0.13)                 0.59-1.13 NS
American Goldfi nch (Carduelis tristis)                               0.87 (± 0.21) 0.45-1.29          0.24 (± 0.10)                 0.05-0.44 NS
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Allen’s Hummingbird, generally placing their 
nests in understory vegetation, show greater 
fl exibility in nest height placement but may 
have benefi ted from an increased supply of 
their preferred foods. The American Goldfi nch 
has a diet of mostly seeds and, uncommon 
for non-carduline songbirds, even feeds its 
nestlings regurgitated seeds (Middleton 1993). 
Seeds produced by the abundant and rich herb 
layer probably provided ample foraging oppor-
tunities for the goldfi nch. Similarly, the Allen’s 
Hummingbird likely benefi ted from abundant 
sources of nectar from several plant species 
common after the fi re (e.g., hedge nettle and 
bee plant [Srophulania californica]). For other 
species however, whose nesting and forag-
ing requirements are met primarily in trees 
and tree canopy (reviewed in Shuford 1993), 
abundance was lower at burned sites (Table 2).  
Loss of trees most likely re sult ed in a reduction 
in numbers for most of these species.  Other 
studies have noted reduced abundance of tree 
and canopy nesting species following a fi re 
(Raphael et al. 1987, Dieni and Anderson 1999).

Abundance data may not act as a proxy to 
population health (e.g., source-sink status) and 
it has been suggested that density may in fact be 
a misleading indicator of habitat quality (Van 
Horne 1983, Brawn and Robinson 1996, but 
see Bock and Jones 2004). Does the presence 
of more Song Sparrows at burned sites equate 
to higher quality habitat? If so, some eff ect of 
the Vision Fire may have been responsible. We 
inferred habitat quality by estimating reproduc-
tive success and then putting it into the context 
of population health. The demographic com-
ponents for the source-sink models diff ered 
only in reproductive success; specifi cally nest 
survival (Table 4). Reproductive success (even 
our lowest estimate) at Muddy Hollow was suf-
fi ciently high enough to off set adult mortality 
indicating that this site was a population source 
for the Song Sparrow.  By contrast, only the 
highest estimates of nest survival at Lagunitas 

and Olema would characterize those sites as 
population sources (λ values > 1.0).  

Populations of sources and sinks are diffi  cult to 
identify because estimates for the demographic 
components are generally lacking and diffi  cult 
to measure (see below). In our case, however, 
relatively robust estimates (adult and juvenile 
survival) were available from the long-term 
monitoring project at the nearby Palomarin 
Field Sta tion. The parameters used in the 
model are assumed to be constant (i.e., remain 
unchanged over time) which is likely an incor-
rect assumption from an ecological standpoint, 
as demographic parameters will vary as the 
environment fl uctuates (Nur and Sydeman 
1999). Thus, populations may fl uctuate between 
source and sink status. Despite these limita-
tions, we believe that modeling source-sink 
status is useful as a comparative measure of 
population health.

The Vision Fire may have created conditions 
that increased the probability of nest survival 
at Muddy Hollow. The fi re, for example, may 
have decreased the number of nest predators. 
Indeed, preliminary results indicate that small 
mammal numbers were reduced following the 
Vision Fire (G. Fellers pers. comm.). Addition-
ally, the density of shrubs and herbs may have 
provided increased nest concealment from 
predators thereby resulting in higher success. 
Others have reported higher nest success in 
relatively well-concealed Song Sparrow nests 
(Nice 1937:93-94, Chase 2001). We know of only 
two studies that examined the eff ect of fi re on 
the reproductive success of songbirds and both 
found results opposite ours; reproductive suc-
cess was reduced in burned areas (Rohrbaugh 
et al. 1999, Aquilani et al. 2000). These studies, 
however, were conducted in habitats that may 
not be comparable; grasslands in Oklahoma and 
oak-hickory forests in Indiana. With prescribed 
burning and “let-burn” policies growing in 
popularity, studies examining the eff ects of fi re 

Table 3.  Comparison of habitat characteristics between burned (n = 38) and un burned (n = 
49) riparian sites, 1997.  Alpha (P) values from ANOVA with transect (study site) included as a 
covariate.  NS = non-signifi cant. Table taken from Gardali et al. (2003).

Habitat Variable                                       Burned                         Unburned P value
                                                                                                         
Shrub cover (%)                                       52.6                               24.9 < 0.001
Herbaceous cover (%)                             42.8                               28.6 0.001
Tree cover (%)                                          30.3                               47.3 < 0.001
Tree species richness (#)                           1.6                                 3.4 0.003
Shrub species richness (#)                        3.8                                 4.5 < 0.001
Difference in shrub layer height (m)      3.3                                 3.5 0.003
Maximum tree dbh (cm)                         31.7                               49.9 NS
High shrub layer height (m)                    3.2                                 3.7 NS
High tree height (m)                               21.0                               18.2 NS
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on reproductive success of songbirds in various 
habitats and regions are sorely needed.

We acknowledge that a three-site comparison 
does not a defi nitive study make. However, our 
estimate of nest survival from Muddy Hollow 
(64%) was far higher than those reported 
for coastal scrub breeding populations at the 
nearby Palomarin Field Station (23.2 – 32.5%; 
Chase 2001) as well as three sites in coastal 
British Co lum bia (15-42%; Rogers et al. 1997). 
The question of whether Song Sparrow density 
was an indicator of habitat quality cannot be 
answered from our study. Still, it is in ter est ing 
to note that Muddy Hollow had signifi cantly 
more Song Sparrows than the un burned sites 
and also had signifi cantly higher nest survival. 
Additionally, in a more formal test of the 
assumption that higher abundance infers 
greater habitat quality, Sallabanks and Quinn 
(2000) suggested that habitat quality could 
be reliably inferred from high abundance for 
Song Sparrows in Washington. Additionally, 
a recent literature review concluded that 
“birds are ususally more abundant in habitats 
where reproduction is highest, confi rming the 
legitimacy of using bird counts as indicators 
of breeding habitat quality  and as a basis for 
management decisions” (Bock and Jones 2004).

Conclusions

The impact of the Vision Fire on riparian-
breeding landbirds varies by species as ex-
pected; abundance for some species was higher 
on burned sites, lower for others. These results 
were in concordance with the habitat associa-
tions of the individual species. In general, the 
fi re did not appear to strike a catastrophic blow 
to the birds breeding in the riparian habitat 
at Muddy Hollow.  In fact, the fi re may have 
created conditions that enhanced reproductive 
success for Song Sparrow and perhaps other 
species as well. 

Long-term monitoring is essential to under-
standing the eff ects of episodic events like fi re 
(O’Conner 1991). It is unfortunate that we had 
no standardized pre-fi re data, as these would 
have provided a more robust picture of the 

eff ects of the Vision Fire on landbirds. Still, our 
results highlight the utility and importance of 
monitoring pro grams to inform land managers.
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