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ABSTRACT: Numerous avian species are positively associated with “snag forest”
habitat created by patches of high-severity fire, mainly because of the abundance of
standing fire-killed trees (snags) and fire-following shrubs. There is now considerably
less severe fire than there was historically in the forests of California’s Sierra Nevada,
owing to fire suppression. Moreover, under current policies for management of public
and private forest, much of the snag forest created by fire is subjected to post-fire
logging of snags. Mechanical mastication and herbicide spraying of shrubs, followed
by planting of conifers, are also common, and large-scale programs of mechanical
thinning seek to prevent creation of this habitat. Thus there is reason for concern for
birds associated with snag forest. I synthesized existing research to identify the species
positively associated with this habitat and assessed their population trends according
to the Breeding Bird Survey. In the Sierra Nevada 24 species are associated with snag
forest, and half of these are declining or are too rare for the Breeding Bird Survey
to detect any trend. For snag-forest species, there are significantly more declines
than increases (all snag-forest species with statistically significant population trends
are declining), whereas species of unburned forest manifest no such pattern. These
results indicate a need for more managed wildland fire, and for current management
policies, both pre- and post-fire, to be revisited, particularly in national forests where
most of the post-fire habitat exists.

Recently there has been increased research interest in birds and post-fire
environments of conifer forests of the western U.S., including in the Sierra
Nevada of California. Numerous bird species have been found to select post-
fire habitat created by severe fires (i.e., patches in which most or all trees
are killed) (e.g., Hanson and North 2008, Fontaine et al. 2009, Bond et al.
2012, Odion and Hanson 2013, DellaSala et al. 2014). This “snag forest”
habitat, also known as “complex early seral forest” (DellaSala et al. 2014),
is rich in standing fire-killed trees, or “snags,” used by woodpeckers and
secondary cavity-nesters, and has an abundance of fire-following flowering
shrubs, which attract flying insects and, in turn, aerial insectivores (Hanson
2007, Fontaine et al. 2009, DellaSala et al. 2014). Biodiversity and wildlife
abundance in snag forest is high, particularly among birds, and is comparable
to, and often higher than, that found in unburned old forest (Fontaine et al.
2009, Burnett et al. 2012, Swanson et al. 2011, DellaSala et al. 2014).

Since the early 20t century, however, snag forest has become rare in the
Sierra Nevada because of fire-suppression policies, resulting in a twofold
(Mallek et al. 2013) to fourfold (Odion and Hanson 2013, Hanson and
Odion 2014, Odion et al. 2014) decline in severe fire. Moreover, on both
public and private lands, when fires do occur, much of the post-fire habi-
tat—especially in severely burned areas—is subjected to intensive post-fire
logging, with no restrictions on logging around nest sites for most species,
as well as mechanical mastication and herbicide-spraying of shrubs, followed
by planting of conifers (USFS 2004). These practices exacerbate the deficit
in snag forest caused by fire suppression (Swanson et al. 2011, DellaSala
et al. 2014). Furthermore, the U.S. Forest Service is currently proposing
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as much as a tenfold increase in large-scale projects of mechanical thinning
designed to prevent severe fires in the first place (North 2012). After a fire,
logging, reduction/removal of native shrubs, and planting of conifers are the
common current practice on private lands and much of national forest lands
(USFS 2014a—c). For these reasons, researchers’ concern about conserva-
tion of species associated with snag forest is justified.

My objectives in this study were three. First, to synthesize existing data
to determine which forest birds native to the Sierra Nevada are positively
associated with the habitat conditions created by severe fire and which are
associated with unburned forests. Second, to determine the extent to which
species in these two habitats are at risk because of either declining popula-
tions or rarity. Third, to determine whether declining species are dispropor-
tionately represented in one habitat or the other (snag forest or unburned).

METHODS

This paper contains both a synthesis of existing literature on habitat as-
sociations of Sierra Nevada bird species with regard to wildland fire and an
analysis of population trends in two sets of species: those associated with
severe fire and those associated with unburned forest.

First, I synthesized existing studies that have investigated the relationships
between severe fire and birds native to the Sierra Nevada to identify those
species that tend to select snag forest during the breeding season. Four pub-
lished, peer-reviewed studies addressing this question, Raphael and White
(1984), Raphael et al. (1987), Hanson and North (2008), and Fontaine et
al. (2009), are the basis for my categorization.

Raphael and White (1984) and Raphael et al. (1987) compared use of
unburned forest and severely burned forest by various species in the north-
ern Sierra Nevada. The former used a cluster analysis with a threshold of
0.75 for overlap in selection of nesting habitat. The latter evaluated species’
habitat associations in a severely burned area versus an adjacent unburned
forest by using frequencies of detection in surveys during three intervals,
6-8, 15-19, and 21-25 years after the fire. Raphael et al. (1987) did not
include a statistical analysis, so I characterized species as being associated
with severe fire or unburned forest if, during the breeding season, they were
at least twice as abundant in one forest type than in the other. Hanson and
North (2008), using point counts, investigated the relationship between
three woodpecker species and fire severity in the Sierra Nevada in terms
of foraging-habitat selection in three burned areas at 2 to 4 years after the
fire. Fontaine et al. (2009) used point counts to evaluate differences in birds’
use of unburned versus severely burned forest of two ages in southwestern
Oregon. Though their study was not in the Sierra Nevada, it was useful in
identifying the habitat association of a few of the rarer Sierra Nevada spe-
cies for which the Sierra Nevada studies had too few (or no) detections for
habitat selection to be assessed effectively. From Hanson and North (2008)
and Fontaine et al. (2009) I categorized a species as associated with severe
fire or unburned forest if the studies reported a statistically significant as-
sociation with such habitat (at o« = 0.05).

In some cases the literature identifies a species as being associated
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with severe fire only in the early years after the fire (e.g., Black-backed
Woodpecker, Hairy Woodpecker, and Dark-eyed Junco [scientific names in
Table 1]) but not in older burns, or vice versa (e.g., Orange-crowned Warbler,
MacGillivray’s Warbler). I have included both categories in the list of species
associated with severe fire.

[ restricted the list to species whose California breeding ranges lie primar-
ily or exclusively in the montane and foothill forests of the Sierra Nevada,
not extending to other nearby ecosystems such as the Central Valley to the
west or the desert to the east. For this selection I used range maps from field
guides to birds of western North America in general and northern California
in particular (Fix and Bezener 2000, Peterson 2010).

Once the list of bird species associated with severely burned areas was
determined, I used population-trend data (1966-2012) for the Sierra Ne-
vada region from the Breeding Bird Survey (BBS) (http://www.mbr-pwrc.
usgs.gov/cgi-bin/atlasal2.pl?S15&2&12) as the basis for which species
are declining or increasing or are too rare for BBS data to reveal trends
with confidence. I categorized a declining species as being at risk only if the
long-term trend (1966-2012) was statistically significant, as coded by red at
the BBS website (http://www.mbr-pwrc.usgs.gov/bbs/trend_info10.html).

[ characterized species with serious data deficiencies due to rarity (coded
by a red dot in BBS data: http://www.mbr-pwrc.usgs.gov/bbs/credhm09.
html)—those with so little data that no trend could be estimated—as being
at risk because of the inherent vulnerability of small populations (Traill et
al. 2007).

Second, I used these sources to also identify the Sierra Nevada birds most
strongly associated with the opposite end of the spectrum: unburned forest.
To identify species at risk within this group, I used the BBS data as described
above for snag-forest species.

To base the assessment on sets of species with a clear contrast, I excluded
from the analysis species that were significantly associated neither with snag
forest nor with unburned forest, for example, those species for which habitat
associations are not yet well understood or which are more associated with
intermediate levels of fire severity.

[ used a chi-squared test for goodness of fit (Rosner 2000) to determine
whether the proportions of increasing and declining species—those with
statistically significant BBS trends—differed from the expectation under the
null hypothesis of an equal proportion of increasing and decreasing species.

RESULTS

Iidentified 24 forest birds native to Sierra Nevada that are associated with
severely burned areas (Table 1). Of these 24 species, 10 have a population
trend in the Sierra Nevada with a statistically significant decline, and six of
these are also experiencing significant population declines across the United
States as a whole (Table 1). Data for an additional two species are insufficient
for a trend to be estimated (Table 1). Of the remaining species, most have
downward trends, but these are not statistically significant. All of the snag-
forest species with statistically significant population trends are in decline.

[ identified 17 forest birds associated with unburned forests (Table 2). Of
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Table 1 Birds Associated with Severely Burned Areas in the Sierra Ne-
vada and Their Population Trends

Studies indicating BBS trend,

Nesting guild and species habitat association 1966-2012¢
Canopy
Calliope Hummingbird Selasphorus Raphael et al. 1987
calliope
Olive-sided Flycatcher Contopus cooperi Raphael et al. 1987 -3.71°
Fontaine et al. 2009
Western Wood-Pewee Contopus Raphael et al. 1987 -1.68
sordidulus
Warbling Vireo Vireo gilvus Fontaine et al. 2009
Purple Finch Haemorhous purpureus Fontaine et al. 2009 -2.14b
Shrub and ground
Mountain Quail Oreortyx pictus Fontaine et al. 2009

Common Nighthawk Chordeiles minor Raphael et al. 1987
Dusky Flycatcher Empidonax oberholseri  Fontaine et al. 2009

Wrentit Chamaea fasciata Fontaine et al. 2009 -1.98
Orange-crowned Warbler Oreothlypis Fontaine et al. 2009 -2.32b
celata
Nashville Warbler Oreothlypis ruficapilla ~ Fontaine et al. 2009 -1.54b
MacGillivray’s Warbler Geothlypis tolmiei ~ Fontaine et al. 2009
Yellow Warbler Setophaga petechia Raphael et al. 1987 -1.26°
Green-tailed Towhee Pipilo chlorurus Raphael et al. 1987
Fontaine et al. 2009
Chipping Sparrow Spizella passerina Raphael et al. 1987 -2.85
Brewer’s Sparrow Spizella breweri Raphael et al. 1987
Fox Sparrow Passerella iliaca Raphael et al. 1987
Fontaine et al. 2009
White-crowned Sparrow Zonotrichia Fontaine et al. 2009
leucophrys
Dark-eyed Junco Junco hyemalis Fontaine et al. 2009 -1.12b
Cavity
Lewis’'s Woodpecker Melanerpes lewis Raphael and White NA¢
1984
Hairy Woodpecker Picoides villosus Raphael et al. 1987
Fontaine et al. 2009
Black-backed Woodpecker Picoides Raphael et al. 1987 NA¢
arcticus Hanson and North 2008
Pygmy Nuthatch Sitta pygmaea Raphael and White -2.93
1984
Raphael et al. 1987
Mountain Bluebird Sialia currucoides Raphael and White
1984

Raphael et al. 1987

Percent change per year in Sierra Nevada. Only statistically significant trends are shown.

bSpecies also experiencing significant long-term (1966-2012) and short-term (2002-2012)
population declines nationally, according to the BBS (http://www.mbr-pwrc.usgs.gov/cgi-bin/
atlasal2.pl?US&2&12).

Detections during the BBS, at both the regional and national scales, too few for any trend to be
estimated, and there are major deficiencies in the data (BBS red dot category).
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Table 2 Birds Associated with Unburned Forest in the Sierra Nevada and

Their Population Trends

Studies indicating BBS trend,
Nesting guild and species habitat association =~ 1966-2012¢
Canopy
Pacific-slope Flycatcher Empidonax Fontaine et al. 2009
difficilis
Hutton’s Vireo Vireo huttoni Fontaine et al. 2009 +5.33
Steller’s Jay Cyanocitta stelleri Raphael et al. 1987
Brown Creeper Certhia americana Raphael and White
1984
Raphael et al. 1987
Fontaine et al. 2009
Golden-crowned Kinglet Regulus satrapa ~ Raphael et al. 1987
Fontaine et al. 2009
Black-throated Gray Warbler Setophaga Fontaine et al. 2009 -1.61°
nigrescens
Hermit Warbler Setophaga occidentalis Fontaine et al. 2009
Western Tanager Piranga ludoviciana Raphael et al. 1987 +1.21
Red Crossbill Loxia curvirostra Raphael et al. 1987 NAc
Evening Grosbeak Coccothraustes Raphael et al. 1987 NAc
vespertinus
Shrub and ground
Hermit Thrush Catharus guttatus Raphael et al. 1987
Fontaine et al. 2009
Wilson’s Warbler Cardellina pusilla Fontaine et al. 2009 -4.71b
Cavity
Williamson'’s Sapsucker Sphyrapicus Raphael and White +3.14
thyroideus 1984
Red-breasted Sapsucker Sphyrapicus Raphael and White
ruber 1984
Chestnut-backed Chickadee Poecile Fontaine et al. 2009 NAc
rufescens

Red-breasted Nuthatch Sitta canadensis

Pacific Wren Troglodytes pacificus

Raphael and White
1984
Raphael et al. 1987
Fontaine et al. 2009
Fontaine et al. 2009

aPercent change per year in Sierra Nevada. Only statistically significant trends are shown.

bSpecies also experiencing significant long-term (1966-2012) and short-term (2002-2012)
population declines nationally, according to the BBS (http://www.mbr-pwrc.usgs.gov/cgi-bin/

atlasal2.pl?US&2&12).

Detections during the BBS, at both the regional and national scales, too few for any trend to be

estimated, and there are major deficiencies in the data (BBS red dot category).

these 17, two have experienced a statistically significant decline in the Sierra
Nevada, three have experienced an increase, and three are too rare for their

trend to be determined (Table 2).

Among snag-forest species associated with severely burned areas, the
ratio of declining species to increasing species was significantly greater
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than expected, contradicting the null hypothesis (x2 = 10.0, P = 0.002).
The observed numbers of increasing and decreasing snag-forest species
were zero and ten, respectively, whereas the expected values for both were
five. The number of species of unburned forest with statistically significant
population trends was insufficient for this analysis, but there were more
increasing species than decreasing species. Thus, while it cannot be said
that significantly more species of unburned forest are increasing rather than
decreasing, the possibility that more of these species are decreasing than
increasing can be ruled out.

DISCUSSION

These results imply that about half of the Sierra Nevada bird species as-
sociated with severe fire are at risk, including some nesting in the canopy,
in shrubs, and in cavities. BBS data also suggest that most of these are
experiencing population decline nationally as well (Table 1). Moreover, all of
the Sierra Nevada snag-forest species with statistically significant population
trends are declining, a pattern not evident for the species of unburned forest.

Stephens et al. (2012) analyzed the effects of mechanical forest thinning
intended to inhibit fires, but they did not include the effects of such fire
reduction on species associated with habitat created by severe fire. They
suggested that such projects have “few unintended consequences” (p. 558).
However, the substantial number of bird species that select severely burned
areas, and the pattern of declines among these species, indicate that the
effects on snag-forest associates from management designed to reduce fire
cannot be so easily dismissed.

White et al. (2013) suggested that mechanical thinning could be used to
create “open” forests, with which many species are aligned. However, White et
al. did not distinguish between open conditions created by intensive mechani-
cal thinning, which is designed to minimize snags and reduce shrubs, versus
open conditions created by natural disturbance, which contain an abundance
of snags and patches of chaparral. For this reason, White et al. (2013) catego-
rized species such as the Olive-sided Flycatcher and Black-backed Woodpecker,
which are associated with severe fire, as associated with “open” forest rather
than burned habitat. However, logging creates an ecological trap for the
former (Robertson and Hutto 2007), and, once the forest is burned, severely
degrades it for the latter by reducing the density of snags (Hutto 2008). This
underscores the need for the rather specific nature of burned habitat, and the
species associated with it, to be to recognized (DellaSala et al. 2014).

The species associated with fire-following shrubs may be particularly
vulnerable, as this group contains the largest number of species at risk. The
threats to these species—as well as to other species associated with snag
forest—from current policies for forest/fire management are compounded
by a lack of protection during nesting season. Much of the post-fire logging
and pre-fire mechanical thinning is ground-based, and heavy machinery
crushes shrub patches, potentially affecting nesting birds, since there are
currently no restrictions to prevent this (USFS 2004). The U.S. Forest Ser-
vice’s conservation strategy for the Black-backed Woodpecker, which is the
agency’s chosen “management indicator species” for snag forest, strongly
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recommends no logging in the nesting season, to protect not only Black-
backed Woodpecker chicks as snags are felled, but also the many other birds
of Black-backed Woodpecker habitat (Bond et al. 2012). However, although
many studies of birds and burned habitat have been published over the last
decade, the Forest Service has not incorporated this recommendation into its
plan governing Sierra Nevada national forests (USFS 2004, USFS 2014a-c).

Additional harm to species associated with post-fire shrub habitat is caused
by planting of conifers, intended to short-circuit the chaparral stage of natural
post-fire succession and substantially reduce the extent and duration of shrub
cover. This suppression of shrubs is exacerbated by post-fire logging often
being promoted as a means of generating revenue to fund artificial plant-
ing of conifers (USFS 2004). Thus current post-fire management practices
represent a threat to species that nest in or under shrubs, like the Orange-
crowned Warbler, which is associated with intermediate stages of succession
of severely burned forest in the Pacific states and the northern Rockies (Hutto
1995, Fontaine et al. 2009) and which is declining in the Sierra Nevada.

While my results highlight conservation concern for snag-forest species,
they do not suggest that there are no threats to any species in unburned
forest in the Sierra Nevada, particularly those of specialized habitat within
unburned forest. For example, one of the declining species of unburned for-
est, Wilson’s Warbler, is associated with dense thickets of riparian shrubs and
small trees, and livestock grazing has been identified as a substantial threat
in this regard (Beedy and Pandolfino 2013). Also, dense, old conifer forest
is disproportionately affected by intensive mechanical thinning, which under
current management tends to remove most of the trees, many of which are
mature and old (USFS 2004). The California Spotted Owl (Strix occidentalis
occidentalis), which the Forest Service considers sensitive, tends to avoid
such thinned areas (Gallagher 2010). Dense, old forest adjacent to unman-
aged burned patches offers conditions optimal for this species, since the owls
prefer the former for nesting and roosting, the latter for foraging (Bond et
al. 2009). Under current management (USFS 2004), these conditions are
being targeted by mechanical thinning of dense old forest and by post-fire
logging (DellaSala et al. 2014), which tends to reduce occupancy (Lee et al.
2012). The California Spotted Owl is now experiencing a population decline,
except in unmanaged forests protected on national park lands (Conner et
al. 2013, Tempel and Gutiérrez 2013, Tempel 2014).

Thus a reevaluation of current policies for forest and fire management
(i.e., fire suppression, forest thinning for fuel reduction, post-fire logging,
shrub eradication, and conifer planting) is warranted, especially on federal
public lands where most of the current and potential habitat for these species
occurs. Furthermore, increased use of managed wildland fire, particularly
in remote areas, to restore fire of mixed severity to these forests, would
benefit many species.
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