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Montane chaparral habitat is an ecologically
important yet often overlooked component of
the Sierra Nevada ecosystem. It occurs in small
to relatively large openings in the otherwise
continuous forested landscape. These shrub-
dominated areas occur either as climax condi-
tions in areas that naturally do not support forest
or as early successional stages following major
disturbance. Historically, this predominantly
disturbance-dependent habitat was naturally
regenerated by frequent fire; more recently, it
is often created by even-aged timber harvest
(i.e., clear-cutting) that removes the majority
of forest canopy. The importance of early suc-
cessional habitats for birds in western forests
is well documented (Raphael et al. 1987, Verner
and Larson 1989, Hutto 1995, Altman and
Hagar 2007). Montane chaparral is host to nu -
merous songbird species that are rare to ab -
sent in adjacent continuous conifer-dominated
habitats. Typical bird species that breed in mon-
tane chaparral habitats in the northern Sierra
Nevada include Mountain Quail (Oreortyx pic-
tus), Dusky Flycatcher (Empidonax oberholseri),
MacGillivray’s Warbler (Oporornis tolmiei),
Fox Sparrow (Passerella iliaca), Green-tailed
Towhee (Pipilo chlorurus), and Spotted Towhee
(Pipilo maculatus).

Fire suppression, closed-canopy-focused for-
est management, and understory fuels-reduc-
tion treatments are current threats to montane
chaparral habitat. Fire-return intervals have
been lengthened, and the area affected by wild-
fire annually has been dramatically reduced in
the interior mountains of California over the
past century (Taylor 2000, Taylor and Skinner
2003, Stephens et al. 2007). Tree densities have
increased, reducing the shrub understory, and
montane chaparral areas have been converted
to forest (Vankat and Major 1978, Nagel and
Taylor 2005). Although this is partly a natural
process, due to management practices this con-
version is likely happening at an accelerated
rate. Outside of small-group selections (<1 ha),
clear-cutting is no longer employed on national
forest land in the Sierra Nevada, and the
majority of forest fuels-reduction treatments
maintain a minimum of 40% canopy cover
(HFQLG 1999, SNFPA 2004). Many fuels-re -
duction treatments are implemented in chap-
arral with the focus on removing shrubs and at
times promoting conversion to forest through
active conifer plantings.

Yellow Warblers (Dendroica petechia) are
generally considered riparian specialists in Cali -
fornia and much of western North America
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NESTING ECOLOGY OF YELLOW WARBLERS (DENDROICA PETECHIA) IN
MONTANE CHAPARRAL HABITAT IN THE NORTHERN SIERRA NEVADA

Diana L. Humple1 and Ryan D. Burnett1,2

ABSTRACT.—The Yellow Warbler (Dendroica petechia) is considered a riparian specialist in much of western North
America, but in California it also breeds in a second habitat type: montane chaparral of the Sierra Nevada and southern
Cascades. We monitored Yellow Warbler nests in montane chaparral and assessed their poorly known nesting ecology in
this habitat. We also conducted point counts in upland habitat throughout the region. We determined habitat associa-
tions for Yellow Warblers based on nest site and point-count vegetation data; nests were predominantly in bush chin-
quapin (Chrysolepis sempervirens) and greenleaf manzanita (Arctostaphylos patula), and point-count abundance was
most strongly associated with high overall shrub cover. The importance of montane chaparral for a number of shrub-
dependent Sierran birds is well documented, yet the chaparral is threatened by various practices including fire suppres-
sion, closed-canopy-focused forest management, and understory fuels-reduction treatments. Although Yellow Warblers
are far more abundant in wet mountain meadow riparian habitat in the region, we recommend that management of
montane chaparral habitat consider this species and the requirements of other shrub-nesting birds.
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(Heath 2008) and have even been described as
riparian obligates (Grinnell and Miller 1944).
Elsewhere in their breeding range they are
found in fairly diverse habitats (Lowther et al.
1999). In parts of the Cascades and Sierra
Nevada of California, Yellow Warblers are also
found breeding in montane chaparral (Grin-
nell et al. 1930, Beedy and Granholm 1985,
Raphael et al. 1987, Gaines 1992, Siegel and
DeSante 2003, Heath 2008), in areas completely

disassociated from riparian habitat. However,
their natural history in this habitat has received
little attention, and published data on their nest-
ing ecology here is scarce.

We conducted nest monitoring in montane
chaparral in the northern Sierra Nevada from
2002 to 2005 and verified Yellow Warblers
breeding in this habitat. We present nesting
ecology data herein for a small sample of nests in
an effort to more fully document Yellow Warbler
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Fig. 1. Monitoring and survey sites in Lassen National Forest and on adjacent private lands, northern Sierra Nevada,
California.



breeding biology and ecology in an important
habitat type in the region. We also present infor-
mation on overall habitat associations of Yellow
Warblers in the re gion based on large-scale
point-count data collected from 2003 to 2006.

STUDY AREA

We located and monitored nests of shrub-
associated songbirds on 4 conifer plantations
on the Almanor Ranger District of Lassen Na -
tional Forest, at the intersection of the northern
Sierra Nevada and the southern Cascade Moun-
tains of northeastern California in Tehama and
Plumas counties (Fig. 1). The study sites were
characterized by multiple shrub species inter-
spersed with rows of planted ponderosa pine
(Pinus ponderosa) and white fir (Abies con-
color) saplings, much as is characteristic of the
montane chaparral or mixed chaparral plant
communities. Dominant plants included green-
leaf manzanita (Arctostaphylos patula), moun-
tain whitethorn (Ceanothus cordulatus), bush
chinquapin (Chrysolepis sempervirens), and
pinemat manzanita (Arctostaphylos nevadensis).
Each of the plantations had been clear-cut be -
tween 1987 and 1989. The clear-cuts ranged
from 10 to 50 ha, in which we overlaid study
plots of 10 to 23 ha; plot size varied depending
upon differences in vegetation and in subse-
quent avian density. Plots were selected based
on their stage of regeneration and were not
chosen randomly due to logistical constraints
(many chaparral areas were impenetrable or
too steep). However, we believe the plots are
representative of 15–20-year-old plantations
within the mixed conifer zone of the region.
Two of the plots (Carter Meadow Road, eleva-
tion 1600 m) were clear-cut in 1989, replanted in
1992, and conifer-released by hand (i.e., shrubs
surrounding planted conifers were removed
with chainsaws) in 2000. The other 2 plots
(Stover Mountain, elevation 1750 m) were clear-
cut in 1987, replanted in 1989, and varied in re-
lease treatments, with herbicide used on one
plot and mastication used on portions of the
other. The 2 pairs of plots were 9.5 km apart;
each plot was most similar to and was 1 km
apart from its partner plot. The Carter
Meadow Road plots had a greater diversity of
shrub species, while the Stover Mountain plots
were dominated by greenleaf manzanita and
bush chinquapin. The Carter Meadow Road
plots were at an earlier successional stage, with

ponderosa pine saplings at most 3 m tall, while
the Stover Mountain plots contained planted
pines as tall as 8 m. Because of the low densi-
ties of Yellow Warblers and our interest in their
breeding biology, their territories adjacent to
our study plots were also monitored.

A landscape-scale study of the landbird com -
munity was also conducted from 2003 to 2006
across upland habitat on the west slope of the
Sierra Nevada in the Lassen and Plumas na -
tional forests. Upland habitat ranged from dense
conifer forest to open mixed conifer forest with
chaparral understory, with some individual
points consisting predominantly of chaparral
with little forest canopy. A total of 1176 upland
point-count stations were visited across an ele-
vational gradient of 944–2140 m (Fig. 1). Ripar-
ian habitat, which makes up about 1% of the
study area landscape, was specifically avoided;
upland sites were established at least 50 m
from riparian or meadow habitat, with the vast
majority >1 km away. We also investigated
bird communities in riparian habitat in 8 wil-
low-filled wet mountain meadows, which were
located in the Lassen National Forest and on
adjacent private lands across an elevational gra-
dient of 1300–1850 m (Fig. 1), giving us a total
of 88 additional points.

METHODS

Nest plots were visited 2–3 times weekly
between early May and July, from 2002 to 2005.
Nest finding and monitoring followed specific
guidelines outlined in Martin and Geupel
(1993). Yellow Warbler nests were located dur-
ing construction, egg-laying, or incubation by
observing parental behavior. Nests were
checked every 2–4 days until nestlings had
fledged or the nest had failed. Careful atten-
tion was given to minimizing human distur-
bance of active nests.

After a nesting attempt terminated, we mea-
sured characteristics of the nest substrate and
surrounding vegetation. We used a slightly
modified version of the Breeding Biology Re -
search and Monitoring Database (BBIRD)
method for vegetation measurements (Martin
and Conway 1995). Vegetation sampling was
centered on the nest and evaluated across a 5-m-
radius plot for shrub, herbaceous plant, and
nonvegetated (e.g., bare ground) layers and
evaluated across an 11.3-m-radius plot for trees
and saplings (defined as trees with <8 cm dbh).
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Sampling included ocular estimates of percent
cover of shrubs, forbs, and each plant species
within those categories, as well as of bare
ground, logs, and litter. For each shrub spe cies,
average height was estimated, maximum
height was measured, and number of stems at
10 cm above ground level was counted. We also
collected this vegetation data at 30 randomly
selected nonuse sites per plot (totaling 120 sites)
in 2003 to randomly quantify the vegetation
on the plots and to compare it to vegetation at
the nest sites. These locations were selected
using the random-point generator within the
AlaskaPak extension in an ArcView GIS envi-
ronment (ESRI 2000).

Standardized 5-minute fixed-radius multiple-
distance-band point-count censuses (Ralph et
al. 1993, Buckland et al. 1993) were conducted
at 1176 upland point-count stations across 92
transects and at 88 stations in 8 wet meadows.
All were surveyed each year from 2004 to 2006,
with 70% of these points also surveyed in 2003.
For upland site selection, 3 point-count transects
consisting of 12 points each were established
in each of 26 California planning watersheds
(CalWater 1999) in the study area using a ran-
dom starting point generated in a GIS environ-
ment (ArcView 3.2a; ESRI 2000); 11 additional
points per transect were established at approxi-
mately 250-m intervals following a random
compass bearing, resulting in 936 point-count
stations. An additional 168 points (14 transects)
within areas slated for silvicultural treatments
and 72 points surrounding known Spotted Owl
(Strix occidentalis) nesting or roosting locations
were also included in the upland sample. At
each point-count station, we conducted a modi-
fied relevé vegetation survey (Ralph et al. 1993),
in which biologists estimated percent cover of
vegetation by class (e.g., tree, shrubs, forbs),
percent cover of each plant species, and mean
maximum height for the dominant species
within each class, over a 50-m radius. Eight
riparian transects, totaling 88 points with points
spaced 200–250 m apart, were selected for long-
term monitoring from 15 wet mountain mead-
ows inventoried on the Almanor Ranger District.
These were monitored from 2004 to 2007. All
upland and riparian points were visited twice
per year between mid-May and mid-July.

Statistical Analyses

To calculate nest success, we used a modi-
fied Mayfield method (Mayfield 1961, 1975),

which considers the number of days each nest
was under observation, thereby eliminating
potential underestimation of losses because of
nests found late in the nesting cycle. We defined
the nesting period as beginning on the day the
first egg was laid and ending on the day of nest
failure or departure of the first nestling. We
used period lengths based on our data from
these study sites: 2 days for laying (1 day fewer
than the mean clutch size), 11.5 days for incu-
bation, and 10 days for the nestling period.
Compared to period lengths for Yellow War-
blers from other studies, our laying period
was shorter, incubation period was comparable,
and nestling period was comparable or longer
(Ehrlich et al. 1988, Lowther et al. 1999).

We compared 10 habitat characteristics at
Yellow Warbler nest sites to characteristics at
random (nonuse) sites on each study plot using
2-tailed t tests. Variables were selected a priori,
based on our experience of observing this spe -
cies in montane chaparral habitats. Variables
included bush chinquapin cover, bush chin-
quapin maximum height, bush chinquapin
average height, mountain whitethorn cover,
greenleaf manzanita cover, greenleaf manzanita
maximum height, greenleaf manzanita average
height, total shrub cover, log cover, and number
of ponderosa pine saplings. Although multiple
tests inflate the tablewide error rate (Rice 1989),
we chose not to use Bonferroni corrections in
our interpretation of P values, following in -
stead the recommendations of Moran (2003):
we report exact P values, used an uncorrected
α of 0.05, and interpret the habitat-use results
in the context of biological significance.

Mean abundance of Yellow Warblers using
point-count data is presented as number of de-
tections per point per visit within 50 m of ob -
servers. We selected 10 a priori vegetation
variables at upland point-count stations and
determined pairwise correlations for each with
mean Yellow Warbler abundance averaged
across all years in which each site was visited.
These variables were tree basal area; maximum
shrub height; shrub species richness; and re -
spective covers of combined trees, combined
shrubs, mountain whitethorn, greenleaf man-
zanita, bush chinquapin, deerbrush (Ceanothus
integerrimus), and Sierra gooseberry (Ribes roez-
lii). Using negative binomial regression, we
determined the significance of all variables hav-
ing a correlation coefficient >0.20. We devel-
oped a multivariate model by placing each of
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the variables with a significant effect in a back -
ward stepwise negative binomial regression
procedure with the threshold for inclusion in
the final model set at α = 0.05.

RESULTS

We found and monitored to completion 9
Yellow Warbler nests in montane chaparral in
2003–2005; none were found during the first
year of the study, although Yellow Warblers
were presumed breeding at the plots. Mayfield
total nest survival was 0.345, and daily nest
survival was 0.956 (SE = 0.019). Four nests
fledged young, 4 were depredated (1 during
incubation and 3 either during incubation or
soon after hatching), and 1 was abandoned
with eggs (either during laying or incubation).
A single nest was parasitized by a Brown-
headed Cowbird (Molothrus ater); the nest
was depredated either with 2 host eggs and a
single cowbird egg or with recently hatched
young. Clutch completion date for these chapar-
ral nests fell between 8 June and 22 June (n =
9). Clutch size ranged from 2 to 4 eggs, with a
mean of 3.00 (SD = 0.89, n = 6), for nests
with confirmed complete clutch sizes. Success-
ful nests fledged an average of 3.25 young (SD
= 0.96, n = 4).

Eight of the chaparral nests were found in
bush chinquapin and one in greenleaf man-
zanita. At the Carter Meadow Road plots, where

all 5 nests were in chinquapin, mountain white-
thorn is the most dominant shrub (23% average
shrub cover at nonuse sites), followed by bush
chinquapin (14%) and greenleaf manzanita (8%).
At the Stover Mountain plots, where 3 nests
were found in chinquapin and 1 in greenleaf
manzanita, greenleaf manzanita is the most
dominant shrub (25%), followed by the low-
growing pinemat manzanita (13%) and bush
chinquapin (9%). Mean nest height was 100
cm (SD = 20, n = 9), and ranged from 57 to
130 cm. Mean nest-shrub height was 140 cm
(SE = 9) and ranged from 100 to 190 cm. Five
of the 10 Yellow Warbler nest site characteris-
tics examined were significantly different from—
and in all cases higher than—those character-
istics in nonuse sites: bush chinquapin cover,
34% (SE = 7.5) versus 11.4% (SE = 1.9; t =
3.08, P = 0.003); bush chinquapin maximum
height, 159.2 cm (SE = 8.7) versus 66.6 cm
(SE = 8.0; t = 3.15, P = 0.002); bush chin-
quapin average height, 109.4 cm (SE = 9.6)
versus 50.1 cm (SE = 5.7; t = 2.84, P = 0.005);
greenleaf manzanita maximum height, 160.6
cm (SE = 8.4) versus 113.0 cm (SE = 5.9; t =
2.19, P = 0.03); and total shrub cover, 80.7%
(SE = 3.6) versus 56.7% (SE = 2.8; t = 2.29,
P = 0.02).

Across the region, Yellow Warblers were the
second most abundant species in riparian/
meadow habitat (mean 0.95 birds per point for
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Fig. 2. Yellow Warbler detections (and standard errors) within 50 m from point along shrub-cover-gradient upland
point-count stations in the northern Sierra Nevada, California.



50-m radius) and only the 27th most abundant
in upland habitat (mean 0.03 birds per point).
The highest abundance of Yellow Warblers in
any wet meadow point-count transect was 1.92
birds per point. In upland habitat, highest
abundance was 0.43 birds per point, on a tran-
sect dominated by montane chaparral habitat
with a few interspersed conifers. Yellow War-
blers were detected within 50 m of observers
at 113 of the 1176 upland point-count stations.
Shrub cover at sites where they were detected
averaged 40% (SE = 2.3), while at stations
where none where detected, shrub cover aver-
aged 22% (SE = 0.6). In upland habitat, Yellow
Warbler abundance was positively correlated
with shrub cover, mountain whitethorn cover,
and greenleaf manzanita cover. Total shrub cover
had the greatest predictive power (pseudo R2

= 0.21, χ2 = 100.66, P < 0.001; Fig. 2), above
that of greenleaf manzanita cover (pseudo R2

= 0.12, χ2 = 59.83, P < 0.001) and mountain
whitethorn cover (pseudo R2 = 0.07, χ2 =
35.01, P < 0.001). These significant variables
were moderately intercorrelated, with the
strongest correlation occurring between total
shrub cover and greenleaf manzanita cover (R
= 0.53, P < 0.0001). Despite the intercorrela-
tion, all 3 remained significant predictors
when considered together (pseudo R2 = 0.23,
χ2 = 108.87, P < 0.001; see Table 1), though
the variance explained by the multivariate
model was only slightly higher than that
explained by shrub cover alone.

DISCUSSION

Although somewhat plastic in breeding habi-
tat throughout much of their range (Lowther et
al. 1999), Yellow Warblers in western North Am-
erica are generally considered more of a riparian
specialist (Heath 2008). Montane chaparral is
the only other habitat in California in which
they breed. This is not an intuitive secondary

breeding habitat for Yellow Warblers, nor does
the occurrence of Yellow Warblers in chapar-
ral suggest mere overflow of individuals from
nearby riparian habitat. Instead, structure of
the 2 habitats is dissimilar; montane chaparral is
not found in association with riparian areas;
and nest placement is remarkably different in
the habitats, with riparian breeders often plac-
ing their nests in the tree canopy, in willows,
or in saplings.

We found total shrub cover to be the most
important predictive variable of Yellow Warbler
occurrence in upland habitat in this region, with
mountain whitethorn cover and greenleaf man-
zanita cover also potentially important as well.
Yellow Warblers are associated with signifi-
cantly higher shrub cover than 3 of the 4 most
common chaparral birds studied here (Dusky
Flycatcher, Fox Sparrow, and Green-tailed
Towhee); only the cover surrounding Mac -
Gillivray’s Warbler nests was as high as the
cover surrounding Yellow Warbler nests (PRBO
unpublished data). We recommend that man-
agement actions for Yellow Warblers in mon-
tane chaparral habitat promote areas with shrub
cover above 40%, as our results suggest a thresh-
old at this level, above which Yellow Warbler
abundance increases precipitously. These areas
should also contain patches with considerably
higher shrub cover, consistent with what Yellow
Warblers selected for nest placement. At our
nest plots, montane chaparral–breeding Yellow
Warblers preferentially placed nests in bush
chinquapin, even when the chinquapin was less
common than other potential substrates. The
lack of a strong relationship of Yellow Warbler
abundance with bush chinquapin at our point-
count stations in the region likely reflects chin-
quapin’s greater prevalence at our nest plots
than at the slightly lower elevations where most
of our point counts occur and where bush chin-
quapin tends to be far less common. In those
lower elevations, Yellow Warblers instead are
frequently ob served nesting in areas that are
dominated by greenleaf manzanita and do not
contain bush chinquapin, suggesting they will
readily use other shrub species as nest sub-
strate (PRBO unpublished data).

Although our Mayfield nest survival at 34.5%
(n = 9) was much lower than Yellow Warbler
nest success in riparian habitat in the region
(88.6%, n = 18; King et al. 2001), the latter was
considered high for an open-cup–nesting song -
bird and the former comparable to more-typical
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TABLE 1. Reverse stepwise multivariate negative bino-
mial regression model (n = 1176, likelihood ratio χ2 =
108.87, P = 0.000, pseudo r2 = 0.23) predicting Yellow
Warbler abundance at upland point-count stations in the
Lassen and Plumas National Forests from 2003 to 2006.

Regression
Variable coefficient SE P value

Total shrub cover 0.04 0.007 <0.001
Mountain whitethorn cover 0.03 0.013 0.03
Greenleaf manzanita cover 0.02 0.008 0.03



rates (Martin 1992). This nest survival rate in
chaparral was lower than survival rates (42%–
95%) summarized in Salgado-Ortiz et al. (2008)
for temperate-breeding Yellow Warblers out-
side of California, and lower than propor-
tional nest success (66.7%) found in the region
in thinned coniferous forest containing a vig-
orous shrub layer (n = 6; Siegel and DeSante
2003). Most studies of this species have found
relatively high rates of cowbird parasitism
(Ortega 1998, Lowther et al. 1999, Heath
2008, PRBO unpublished data); however, we
found a relatively low parasitism rate in our
study (11%). The distance to preferred cow-
bird foraging habitat (e.g., grazed pasture) and
the relatively small size of these chaparral
openings within a greater forested matrix are
likely the reasons for the relatively low cowbird
abundance and subsequent parasitism rate. We
suggest that the landscape context of montane
chaparral habitat (e.g., distance to pastures,
towns, or large meadows) may significantly in -
fluence the susceptibility of Yellow Warblers
to parasitism in this habitat type. However, of
the 415 open-cup passerine nests in our study
in which at least one egg was laid, one of the
only 2 nests parasitized was that of a Yellow
Warbler, further suggesting anecdotally that
cowbirds preferentially parasitize this species
even in a habitat where parasitism is rare.

While our study provides some insight into
the nesting ecology and habitat associations of
Yellow Warblers in montane chaparral in the
Sierra Nevada, we recognize the need for fur-
ther study, particularly for additional nest moni-
toring. Our sample size of nests is likely too
small to offer any real data on parasitism, an
important conservation issue for the species.
And because chaparral habitat varies through-
out the northern Sierra Nevada and with ele-
vation, our results for productivity and nest
vegetation associations may not be typical of
the region.

Despite the value of this habitat to Yellow
Warblers and our suggestion that they be in -
cluded in the suite of shrub-nesting species
that help guide montane chaparral manage-
ment, we recognize that from a population
standpoint, management for Yellow Warblers
in the region would be better focused on ripar-
ian habitat in wet mountain meadows. In that
habitat, Yellow Warbler breeding densities are
considerably higher and among the highest
recorded in California (Heath 2008, PRBO

unpublished data). However, additional infor-
mation about breeding productivity, parasitism,
overall population size, and natal dispersal be -
tween habitat types would help us understand
the contribution of these chaparral sites to the
regional population. This study does not permit
us to assess the role despotism—the pushing
of young birds into marginal habitat (Rohwer
2004)—might play in Yellow Warbler occur-
rence in this secondary habitat type. However,
observations of after-second-year birds breed-
ing in chaparral in this region and the disasso-
ciation of this habitat type with riparian habitat
in the region lead us to suspect that spillover
effect is not responsible for the species’ current
distribution in chaparral.

With increasing management attention fo -
cused on old-growth attributes of forests in the
Sierra Nevada (SNFPA 2004) and public at -
tention focused on reducing the role of fire,
there is concern that open-forest habitats—
including early successional montane chapar-
ral—will decrease in both quantity and quality
in the next few decades. Such habitat supports
Yellow Warblers and numerous other species
not found in forested habitats in the region (e.g.,
Mountain Quail, Dusky Flycatcher, MacGilli -
vray’s Warbler, Fox Sparrow, and Green-tailed
Towhee). Management of this often-overlooked
habitat is critical for many species, including
for the conservation of many shrub-nesting
songbirds. Siegel and DeSante (2003) detected
4 times as many Yellow Warblers in thinned
versus unthinned Sierran mixed conifer forest
plots, and similar patterns for other shrub-
dependent Sierran birds; thinned areas had
reduced canopy cover, reduced density of youn -
ger conifers, and increased density of under-
story shrubs. Raphael et al. (1987) found that
Yellow Warbler breeding density increased in
postfire sites in the Sierra Nevada as shrub
density increased over time with succession;
the birds were absent in nearby unburned coni-
fer forest. The findings in those studies are con-
sistent with our results.

The Yellow Warbler is a California bird spe-
cies of special concern (Heath 2008, Shuford
and Gardali 2008) and has experienced regional
and local declines in the state. While much
focus on their management has been on riparian
habitat, and such focus is critical, their occur-
rence in montane chaparral throughout much
of the Sierra Nevada, the typically low densi-
ties of cowbirds there, and the opportunities
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for forest management to benefit this habitat
lead us to suggest the inclusion of montane
chaparral populations in future management
actions for this species.
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