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ABSTRACT
We investigated relationships between 

breeding birds and vegetation characteristics 
in fuels-reduction treatment areas within 
pinyon-juniper woodlands at locations 
over the Colorado Plateau.  The goal of 
this study was to document differences in 
avian community responses to two types of 
pinyon-juniper fuels-reduction treatments 
(chained vs. hand-cut), relative to control 
sites.  We selected 73 vegetation plots in 
southern Utah and northern Arizona, of 
which 33 had been previously thinned by 
handcutting or chaining, and 40 control plots 
in untreated pinyon-juniper woodlands.  At 
the 73 locations we documented vegetation 
structure and counted birds within 3.1 ha 
circular plots during the 2005 and 2006 
breeding seasons.  We focused in particular 
on the effects of fuels-reduction treatments 
to 16 bird species that are considered pinyon-
juniper obligates.  

We found that density of pinyon pines was 
the most important variable in predicting 
bird species richness in all treatments and 
at control sites.  Abundance of Brewer’s 
Sparrow (Spizella breweri) was negatively 
related to chained, but positively related to 
hand cut areas.  Vesper Sparrow (Poocetes 
graminius) abundance was negatively related 
to both chaining and handcutting. Within 
16 pinyon-juniper obligate bird species, 
abundance of five was positively related 
to pinyon-pine density, while two were 
positively related to juniper density.  These 
responses, along with other bird-vegetation 
relationships influenced by treatment type, 

need to be considered by land managers 
when planning fuels reduction treatments 
in pinyon-juniper woodland habitat in the 
Colorado Plateau.   

INTRODUCTION
Pinyon (Pinus spp.) –juniper (Juniperus 

spp.) woodlands are estimated to cover 24 
to 40 million ha in the Intermountain West 
and are distributed extensively across the 
Colorado Plateau (Samuels and Betancourt 
1982). The pinyon-juniper woodland 
ecosystem complex is highly variable over 
the landscape (West et al. 1998, Bock and 
Block 2005), with either pinyon pines or 
junipers as the sole dominant, or as co- 
dominants.  Associated shrubs, especially 
sagebrush (Artemisia spp.), and Gambel 
oak (Quercus gambelii), may also influence 
the dynamics of pinyon-juniper woodlands 
(Tausch and Hood 2007).  Across western 
North America, the pinyon-juniper complex 
includes 70 plant associations and 230 
ecological site types (Moir and Carton 1987).  

Pinyon-juniper woodlands were 
historically maintained by fire in an open, 
savannah-like condition.  As fire frequency 
has decreased largely due to a combination 
of fire suppression and livestock grazing, the 
resulting accumulation of fuels has shifted 
the fire regime to stand-replacing fires (West 
1984, Miller and Rose 1999, Harris et al. 
2003, Bock and Block 2005).  Land managers 
have been directed to apply fuels reduction 
treatments in order to improve forest health, 
while simultaneously reducing fire risk to 
surrounding development (USDAFS and 
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Figure 7.1  Three sites on the Colorado Plateau for which we modeled the relationships between 
bird community and vegetation characteristics in pinyon-juniper woodlands.
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GSENM Walnut Canyon NM Zion NP

Administration BLM NPS, USFS NPS

Latitude 37.04 35.17 37.3

Longitude -112.49 -111.51 -113.05

State Utah Arizona Utah
Mean elevation 
(m) 2,000 2,000 2,000
Annual  
precipitation (cm) 25 51 38
Months of  
precipitation Nov-Mar Jul-Oct, Dec-Mar Mar-April, Jul-Sept

Dominant tree 
species Utah juniper

Utah juniper, two- 
needle pinyon pine

Rocky mountain 
juniper

Secondary trees
Two-needle  
pinyon pine -

Ponderosa pine, two-
needle pinyon pine

Dominant shrub 
species Sagebrush Antelope bitterbrush Gambel oak

Secondary shrubs Rubber rabbitbrush Rubber rabbitbrush
Utah serviceberry, 

manzanita, sagebrush

Total no.  
bird plots 45 28 34

No. plots chained 8 8 0

No. plots handcut 9 8 0
No. control plots 
untreated 28 12 34

Table 7.1  Descriptions of three pinyon-juniper woodland sites on the Colorado Plateau at which we investigated 
bird-vegetation and bird-fuels reduction treatment relationships during the 2005 and 2006 bird breeding seasons. 

(-) = not applicable  BLM=Bureau of Land Management  NPS=National Park Service       
USFS=United States Department of Agriculture, US Forest Service
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Figure 7.2  Ranges of canopy cover in three pinyon-juniper woodlands on the Colorado Plateau.

Figure 7.3  Ranges in density of juniper and pinyon pine trees in three pinyon-juniper woodlands on the Colorado 
Plateau.
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USDIBLM 2004, USDI and USDAFS 2006).  
In these directives managers are required to 
consider effects of management actions on 
multiple ecosystem attributes (Brunson and 
Shindler 2004, Dombeck 1996, Clark 1999), 
such as the status of neotropical migrant 
and other bird populations (USDAFS 1994, 
USDAFS 1996, USDAFS and USDIFWS 
2001).  Therefore, it is important to consider 
how change in vegetation structure caused by 
fuels reduction treatments might be expected 
to produce changes in avian communities 
within treated woodlands (Crow and van 
Riper 2010).

More than 70 species of birds breed in 
pinyon-juniper woodlands, but composition 
of avian communities varies considerably 
among woodland types (Balda 1987). Bird 
species identified as breeding, in at least 
part of their range, solely or preferentially 
in pinyon-juniper woodlands have been 
characterized as pinyon-juniper specialists 
(Pavlacky and Anderson 2001).  Avian 
communities respond to changes brought 
about by either natural successional 
processes or management actions that alter 
forest structure in pinyon-juniper woodlands 
(Sedgwick 1987, Medin et al. 2000, 
Rosenstock and van Riper 2001, Knick et al. 
2005).  Because bird species with restricted 
habitat requirements are negatively impacted 
by loss of their specific habitat (Stauffer 
and Best 1980), it is likely that pinyon-
juniper habitat alteration would most greatly 
influence pinyon-juniper specialists.

Contemporary methods of fuels reduction 
include various mechanical treatments, 
prescribed fire, or a combination thereof 
(Shindler 2003). There is considerable 
variation in the equipment used for 
mechanical treatments (e.g. chainsaws, 
wood shredding, chains), and disposition of 
felled trees.  After felling, trees may be left, 
broadcast burned, removed, chipped and 
mulched on site, or piled and burned. Each 
of these methods might be expected to yield 
different modifications to vegetation, thus 

resulting in different potential changes to 
avian community structure.

The objectives of this study were to: (1) 
identify, across a range of natural pinyon-
juniper woodland variation, relationships 
between vegetation characteristics and bird 
species richness and abundance that would 
likely be influenced by fuels reduction 
treatments, and (2) determine whether bird 
species richness or abundance differed 
between hand cut selectively thinned, or 
chaining treatments.

   METHODS

Study Areas
Because environmental variables such 

as weather, soils, aspect, and vegetation 
composition vary considerably in pinyon-
juniper woodlands, we collected data across 
a wide geographic range of locations.  We 
selected pinyon-juniper woodlands at three 
federally-managed locations on the western 
Colorado Plateau in order to investigate 
avian-vegetation relationships (Figure 7.1).  
Our study areas were located in Walnut 
Canyon National Monument and on adjacent 
Coconino National Forest lands near 
Flagstaff, Arizona (hereafter called Walnut 
Canyon), and at Grand Staircase Escalante 
National Monument (GSENM) near Kanab, 
Utah (Table 7.1).  We felt that the three 
locations were generally representative of 
pinyon-juniper woodlands over the Colorado 
Plateau. 

Sampling Design
To explore relationships between birds 

and vegetation, we installed 73 bird count 
stations, 33 as treatment areas that had 
previously been chained or hand cut at 
GSENM and Walnut Canyon, and 40 that 
served as non treated controls (Table 7.1).  
At all study areas we generated random 
coordinates for locating bird count stations, 
with all stations stratified by vegetation 
type.  Bird count stations were separated 
by a minimum distance of 200 m and in 
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Figure 7.5 Ranges in tree height in three pinyon-juniper woodlands on the Colorado Plateau.

Figure 7.4  Ranges in density of shrub stems in three pinyon-juniper woodlands on the Colorado Plateau.
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treated areas were a minimum of 100 m 
from treatment boundaries.  We discarded 
coordinates on steep slopes and those 
located more than 30 min travel time from 
the closest station.  Rebar was installed and 
GPS coordinates recorded at each location 
to mark the count station, and thereafter 
navigation to each set of coordinates was 
with handheld GPS receivers.  We defined a 
100 m radius circle centered on each station 
as a bird plot. 

Vegetation Sampling
Within each study area, coarse vegetation 

layers were initially identified from 
geographic information systems (ReGAP at 
GSENM, NPS-generated layers at Zion and 
Walnut Canyon).  Detailed on-site vegetation 
data were then taken during the summers of 
2005 and 2006.  We based our vegetation 
sampling design on BBIRD (Martin et al. 
1997), and here we discuss our departures 
from that protocol.  From each bird count 
station, we measured the distance to the 
nearest juniper, the nearest pinyon, and the 
nearest tree if a third species was closer, in 
each of four directions (NE, SE, SW, NW).  
The nearest trees were found by walking in 
a spiral pattern from the point.  Distances 
beyond 25 m were measured with handheld 
GPS receivers. 

Four vegetation subplots were located 
from the bird count station in each of the 
cardinal directions, 50 m at the GSENM and 
Walnut Canyon study areas and 25 m from 
the bird count station at the Zion site.  Within 
each subplot, we sampled trees within a 15 
m radius, and shrubs within a 5 m radius.  
Gambel oak was considered a shrub, which 
is its common form at our study sites.  We 
measured tree density by the number of 
individuals and shrub density by the number 
of stems.  Diameter at breast height (DBH) 
was recorded for single-stemmed trees, 
diameter at root crown (DRC) for multi-
stemmed trees.  Diameter at stump height 
(ST), measured at 30.5 cm above the ground 

(Bradshaw, Reveal 1943) was also recorded.  
All diameter measurements were made with 
a ruler held perpendicular to the trunk.  The 
trunks of some living junipers lay prone 
on the ground, and for these we measured 
height of the tallest vertical “branch” and 
trunk diameter at 30.5 cm along the main 
stem from the original root crown.  In each 
vegetation plot, we estimated percent ground 
cover and percent cover of plants <50 cm 
tall in a 1x1 m square relevé (Mueller-
Dombois and Ellenberg 1974).  The square 
was located by selecting from a random 
numbers table, a distance between 0 and 
5 meters and an azimuth between 0 and 
360 degrees.  Canopy cover was estimated 
visually by a single observer in the field.  
We also used an overlay grid of 10m x 10m 
cells on aerial images (digital orthophotos 
[DOQ]) to calculate canopy cover of each 
bird plot (no. cells, to the nearest quarter 
cell, covered with tree canopy/total no. 
quarter cells in bird plot).  We averaged 
vegetation measurements across the four 
vegetation subplots to describe vegetation 
characteristics at each plot.

Bird Sampling
Bird counts, after Reynolds et al. (1980), 

were conducted within variable circular 
plots truncated at 100 m radius.  Counts 
were undertaken at each station May-
June on five occasions during the breeding 
seasons of 2005 and 2006.  After arriving 
at each station, the observer waited for one 
minute to allow acclimation of birds.  Over a 
5-minute count period we recorded all birds 
that were detected visually or aurally within 
the 100 m radius bird plot.  Birds that flew 
over plots were not included.  We visited 
each plot at approximately 1-week intervals, 
and counted between sunrise and 10 AM.  
All hand cut plots were surveyed during 
the 2005 breeding season; two observers 
alternated visits to minimize observer bias.  
In 2006, birds were additionally counted at 
Walnut Canyon and at GSENM’s chained 
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plots.  Birds were not counted during rain 
or high winds.  Sampling order of plots was 
varied to minimize temporal bias.

Data Analysis
Utilizing all 53 detected bird species, we 

estimated bird species richness by summing 
the number of species detected on each bird 
plot across all surveys (Appendix 7). We 
then excluded data on species that were 
observed on fewer than five total plots, and 
relative abundance was calculated at each 
plot as total no. detections/no. surveys.  
We stratified a subset of birds for further 
analysis by choosing 16 species that are 
categorized as pinyon-juniper specialists 
(Balda 1987, Pavlacky and Anderson 2001) 
or are considered priority species in Utah 
(Parrish et al. 2002) or Arizona (Latta et al. 
1999; Table 7.2).  

When assessing the effects of vegetation 
characteristics on species richness and 
abundance, we excluded vegetation 
characteristics that were absent from >60% 
of plots.  We also excluded one variable 
from all pairs of explanatory variables that 
were correlated (r>0.75; Table 7.3).  Data 
were transformed where appropriate and 
our level of significance was P<= 0.05.  
We used multiple linear regressions to 
explore relationships of species richness 
and abundance as influenced by vegetation 
characteristics and treatment (Ramsey and 
Schafer 2002).  

In our mixed stepwise regressions 
analyses we considered vegetation 
characteristics in two groups: pinyon-juniper 
(pj) characteristics, which would likely be 
altered by fuels reduction treatments, and 
non-pj characteristics, which we utilized as 
covariates.  Pinyon-juniper characteristics 
considered were juniper stem density, 
pinyon pine stem density, and mean height of 
pinyon pines and junipers combined.  Non-
pj characteristics included density of live 
shrub stems, density of dead shrub stems, 
shrub species richness, percent ground cover 

of litter, percent ground cover of grass, and 
percent ground cover of forbs.  We employed 
mixed stepwise regressions on the non-
pj variables for each responsible variable, 
with the probability to enter the model fixed 
at 0.250 and the probability to be removed 
from the model fixed at 0.100.  We then fit 
a model for each response variable with all 
pinyon-juniper characteristics, the selected 
non-pj variables, site, treatment and site 
treatment interaction.

We used extra sum of squares F tests 
to identify relationships between each 
vegetation characteristic and bird community 
response.  The direction of the relationship 
was defined as either being positive, in 
which the response variable increased as 
the vegetation variable increased in value, 
or negative when the response variable 
decreased as the vegetation variable 
increased, or neutral.

RESULTS

Vegetation-Site relationships 
Canopy cover on our plots ranged from 

0-89% (Figure 7.2) and tree density from 
0-387 junipers/ha and 0-541 pinyon pines/
ha (Figure 7.3).  Plots at GSENM included 
the highest juniper density, while the highest 
pinyon pine density and highest canopy 
cover were on Walnut Canyon plots.  Shrub 
density ranged 0-1621 stems/ha (Figure 7.4) 
while tree height ranged 0-7 m (Figure 7.5) 
and was greatest at GSENM.  

Bird-Site relationships 
Bird species richness at our study sites 

ranged from 4 to 20 species (x=11.8 species, 
SE=0.31), being positively related to density 
of pinyon pines and shrub species richness, 
and negatively related to shrub density 
(Table 7.4).

Of the 16 pinyon-juniper dependent bird 
species that we analyzed (Table 7.2), relative 
abundance of seven (44%) was positively 
related to one or more pinyon-juniper 
characteristics (Table 7.5).  Conversely, 
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Species 
Code Common Name Scientific Name PJ Specific Priority

ATFL
Ash-throated 
Flycatcher Myiarchus cinerascens Specialist -

BCHU
Black-chinned 
Hummingbird

Archilochus 
alexandri Specialist -

BEWR Bewick’s Wren
Thyomanes 
bewickii Specialist -

BGGN
Blue-gray 
Gnatcatcher Polioptila caerulea Specialist -

BRSP Brewer’s Sparrow Spizella brewerii - UT

BTYW
Black-throated Gray 
Warbler Dendroica nigrescens Specialist AZ, UT

GRFL Gray Flycatcher Empidonax wrightii Exclusive AZ

GRVI Gray Vireo Vireo vicinior Exclusive -

GTTO Green-tailed Towhee Pipilo chlorurus Specialist -

JUTI Juniper Titmouse Baeolophus ridgwayi Specialist AZ

HOFI House Finch Carpodacus mexicanus Specialist -

NOMO
Northern 
Mockingbird Mimus polyglottos Specialist -

SPTO Spotted Towhee Pipilo maculatus Specialist -

VESP Vesper Sparrow Pooecetes gramineus Specialist -

VIWA Virginia’s Warbler Vermivora virginiae - UT

WSJA Western Scrub Jay Aphelocoma californica Exclusive -

Table 7.2  Bird species selected for modeling of relationships between relative abundance and vegetation 
characteristics, with level of pinyon-juniper specialization (PJ specific) (per Balda and Masters 1980) and state 
(Utah or Arizona) of priority population status (per Partners in Flight, Latta et al.  1999, Parrish et al. 2002). 

PJ specific: specialist=may nest in other vegetation communities, exclusive=nests only in pinyon- 
juniper woodlands. Priority: UT=listed by Utah Partners in Flight, AZ=listed by Arizona Partners in 
Flight, (-)=not a priority species
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Table 7.3    Vegetation characteristics excluded from analysis due to  low explanatory power or high correlation 
with other characteristics. 

Table 7.4  Species Richness: results of effects tests for relationships to bird species richness for vegetation 
characteristics on 107 plots at 3 sites on the Colorado Plateau. Relationship direction P = positive, N = negative, 
(-) = no significant relationship.

Vegetation  
characteristic*

Degrees 
freedom F ratio Prob >F

Relationship 
direction

Juniper density 1 0.7911 0.3778 -
Pinyon density 1 5.7972 0.0196 P
PJ canopy height 1 1.2903 0.2611 -
Shrub density 1 4.3757 0.0413 N
Shrub species richness 1 7.7832 0.0073 P
% grass cover 1 0.0151 0.9027 -
Treatment 2 1.1511 0.3241 -
*Density of dead shrub stems and percent cover of litter and forbs were excluded by mixed stepwise 
regression analysis.    

Category Variable

Trees

% canopy cover
% canopy pinyon pine and juniper
% canopy non-PJ trees
Non-PJ trees density
Snag density
Juniper height
Pinyon pine height
Juniper diameter
Pinyon pine diameter

Shrub

Stem density of tall shrubs
Stem density of short shrubs
Density of small diameter (<2.5 cm) stems
Density of large diameter (≥2.5 cm) stems

Ground Cover % bare ground
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relative abundance of 4 bird species (25%) 
was negatively related to pinyon-juniper 
characteristics.  Of the seven species 
found to be related to one or more pinyon-
juniper characteristic, five were positively 
(BCHU, BGGN, BTYW, HOFI, WSJA, 
Table 7.2), while only the Vesper Sparrow 
(VESP) was negatively related to pinyon 
pine density.   We found numbers of two 
species (BEWR, JUTI) positively affected 
by juniper density while numbers of five 
species (BCHU, BRSP, VESP, WSJA) were 
negatively associated with density of juniper 
trees (Table 7.5).  Overall, 12 of the 16 
pinyon-juniper dependent bird species were 
influenced by tree density.  

Bird-treatment relationships   
Hand cut plots included a higher range of 

canopy cover and density of pinyon pines 
and snag density than did chained plots 
(Tables 7.6 and 7.7).  The range of shrub 
stem density in hand cut plots also included 
higher values than chained plots.

Bird species presence and relative 
abundance was related to treatment type 
(Table 7.4).  Relative abundance of Brewer’s 
Sparrow and Vesper Sparrow were related 
to treatment after accounting for differences 
among sites and for the effects of vegetation 
variables (Table 7.5).  Relative abundance 
of Brewer’s Sparrow was negatively 
related to chaining and positively related to 
handcutting.  Vesper Sparrow was negatively 
related to chaining and handcutting.  For 
some species, effects of treatment were 
confounded with effects of differences 
among sites, particularly on the abundance 
of Bewick’s Wren (Thyomanes bewickii) 
(p=0.0166 for interaction covariate) and 
Juniper Titmouse (Baeolophus ridgwayi) 
(p=0.0061 for interaction covariate).   

DISCUSSION

Bird-vegetation relationships 
At all sites that we examined on the 

Colorado Plateau, bird species richness was 

positively related to pinyon pine density and 
negatively related to shrub density, which is 
consistent with previous findings where bird 
species richness increased with maturity 
of woodlands (Rosenstock and van Riper 
2001, Pavlacky and Anderson 2004). Our 
findings also support those of Balda (1987), 
who found that bird species richness was 
related to density and foliage volume of 
pinyon pines.  Management actions such 
as fuels reduction treatments, that maintain 
some level of structural diversity, will 
result in greater species richness than will 
complete removal of vegetation by methods 
such as chaining (Wilson 1974).  However, 
vegetation complexity may be functionally 
reduced if some components of vegetation 
are rarely used, thus lowering species 
richness in spite of increased vegetation 
complexity (Laudenslayer and Balda 1976). 

Woodlands in our study encompassed a 
range of variation in canopy cover, tree density 
and tree height, as well as shrub density 
(Figures 7.2-7.5).  We found more positive 
relationships with pinyon pine density than 
with any other vegetation characteristic 
(Table 7.5).  Insects were the preferred diet 
of most of the species positively related with 
pinyon pine density (60%, n=5) (Balda 1987, 
Ehrlich et al. 1988).  The greater foliage 
volume of pinyon pine trees compared 
to junipers might provide more foliage 
insects to foraging birds (Laudenslayer 
and Balda 1976).  However, two (50%) of 
the insect consumers that preferred areas 
of high pinyon pine density in the present 
study did not obtain their prey directly 
from trees.  Black-chinned Hummingbird 
(Archilochus alexandri) and Western Scrub-
Jay (Aphelocoma californicus) forage in the 
air and on the ground, respectively.  Both 
of these species were negatively related to 
density of juniper, which suggests a strong 
preference for pinyon pines over junipers.  
These two bird species might particularly 
benefit from selective fuels reduction where 
a higher proportion of pinyon pines are 
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Species* Juniper Pinyon Shrub
Dead 
shrub % grass Chained Handcut

BCHU N P - - - - -
BEWR P - P - - - -
BGGN - P P - N - -
BRSP N - - - - N P
BTYW - P - - N - -
JUTI P - - - - - -
HOFI - P N - - - -
VESP N N - N P N N
WSJA N P - - - - -

Table 7.5  Direction of relationships with vegetation characteristics for bird species detected during 2005 and 2006 
breeding seasons in pinyon-juniper woodlands across three sites on the Colorado Plateau. Bird response measured 
as relative abundance. (P) = positive relationship, (N) = negative relationship, (-) = no significant relationship.

Juniper=juniper density, Pinyon=pinyon pine density, Shrub=density of live shrub stems,  
Dead shrub=density of dead shrub stems, % grass=percent ground cover grass. 
*See Table 7.2 for scientific and common names.

GSENM Walnut Canyon

Vegetation variables Range Mean SE Range Mean SE

Canopy cover (%) 0-12 3 1.8 0-20 6 2.3
Pinyon pine density 
(trees/ha) 0-14 4 2.3 0-230 105 36.5
Juniper density (trees/
ha) 0-116 35 16.8 0-16 7 2.6

PJ height mean 6-10 8 0.5 4-13 6.5 1.6

Snag density (snags/ha) 0 0 0.0 0-7 1 0.9

Shrub density 0-12 3 1.8 37-297 151 34.2
Shrub species richness 
(# species) 1-3 1 0.3 1-4 2 0.4

Grass (% cover) 0-4 1 0.4 8-56 30 5.4

Forbs (% cover) 0-10 2 1.1 1-13 7 1.4

Litter (% cover) 13-71 31 6.9 4-30 9 3.0

Bare ground (% cover) 23-87 66 7.6 32-79 55 5.4
Table 7.6  Chained plots: ranges and means of vegetation variables on chained plots at Walnut Canyon and GSENM.
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left.  The non-insectivorous House Finch 
(Carpodacus mexicanus) gleans seeds from 
the ground as well as insects from foliage 
at all locations where this species is found 
(Bergtold 1913, van Riper 1976).  We submit 
that the additional cover afforded by the 
higher foliage mass of pinyon pines might 
contribute to the preference of some species 
for areas of high pinyon pine density.  

  Black-chinned Hummingbird breeds in 
deciduous trees and shrubs (Wethington and 
Russell 2003), which seems contrary to the 
positive relationship we found with pinyon 
pine density. Previous research has shown 
that this species regularly travels farther than 
200m from the nest to forage and concluded 
that nesting density for this species should 
not be estimated by searching for nests solely 
where individuals were detected (Brown 
1992, Wethington and Russell 2003). The 
relationships modeled in the current study 
may reflect preferences in foraging habitat 
rather than for nest sites, as Black-chinned 
Hummingbird and Western Scrub-Jay were 
negatively related to juniper and positively 
related to pinyon pine density.  

Bewick’s Wren and Juniper Titmouse 
nest in live tree or snag cavities (Ehrlich et 
al. 1988, Pavlacky and Anderson 2004), but 
were positively related to juniper density.  A 
pine beetle infestation on 96% of plots with 
Bewick’s Wren detections (23 of 24 plots) 
and 83% of plots with Juniper Titmouse 
detections (20 of 24 plots) had killed many of 
the pinyon pines in our study.  These species 
may have experienced enhanced nesting in 
the many new snags and gleaned insects 
from the living junipers in the vicinity.

Brewer’s Sparrow (Spizella brewerii) and 
Vesper Sparrow are ground feeders that nest 
on the ground or in shrubs, and prefer open 
clearings far from woodland edges (Hardy 
1945, O’Meara et al. 1981, Sedgwick 1987).  
Numbers of both species were negatively 
influenced by juniper density.

Bird-treatment relationships 
Bird species richness, regardless of 

pinyon-juniper reduction treatment, was 
lower in treated verses untreated areas, 
where the former averaged lower pinyon 
pine densities. At Walnut Canyon, mean 
pinyon pine density was significantly lower 
in treated than untreated plots, while at 
GSENM, mean density of pinyon pines did 
not vary with treatment, nor did species 
richness. This matches our findings that 
species richness was positively related to 
pinyon pine density in untreated plots across 
all three sites. 

We found few relationships between 
relative abundance of species and treatment 
method. Of 16 species considered, there was 
evidence of significant treatment effects for 
only two species.  Brewer’s Sparrow, which 
prefers the interior of large open brushy areas 
(O’Meara et al. 1981), was less abundant in 
chained areas and more abundant in hand cut 
areas than in untreated woodlands.  We found 
that the Vesper Sparrow, a ground-nester 
which utilizes only the edges of chained 
areas (Sedgwick 1987), was less abundant 
in treated areas, regardless of treatment 
method.  It is possible that our plots, which 
were a minimum of 100 m from treatment 
boundaries, did not adequately represent the 
edges of treatment units.

CONCLUSIONS
Pinyon-juniper woodlands and their 

avian communities vary considerably 
across the landscape (Balda and Masters 
1980) and increasing use of fuels reduction 
treatments by managers makes it vital to 
identify indicators of treatment impacts to 
bird populations.  Across a wide range of 
pinyon-juniper forest structure variation, 
we found consistent relationships among 
avian pinyon-juniper specialists and their 
responses.  We found that patches of 
mature pinyon pine forest are important for 
maintaining species diversity and number of 
birds. This is generally in agreement with 
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GSENM Walnut Canyon

Vegetation variables Range Mean SE Range Mean SE

Canopy cover (%) 0-11 1 1.2 7-42 24 4.2
Pinyon pine density 
(trees/ha) 0-32 4 3.6 0-1250 670 169.9
Juniper density (trees/
ha) 0-139 16 15.4 0-88 47 11.9

PJ height mean 9-9.5 9 0.1 4-9 6.5 0.8

Snag density (snags/ha) 0-22 4 2.5 0-23 10 2.9

Shrub density
216-
1419 618 117.6 21-439 164 46.7

Shrub species richness 
(# species) 1-3 2 0.3 1 1 0.0

Grass (% cover) 0-51 17 5.3 13-41 21 9.0

Forbs (% cover) 0-9 3 0.9 0-20 6 2.4

Litter (% cover) 7-81 45 6.7 5-45 5.1 20.0

Bare ground (% cover) 15-93 47 7.5 37-86 54 5.6
Table 7.7  Handcut plots: ranges and means of vegetation variables in plots cut with chainsaws at Walnut Canyon 
and GSENM.

the findings of previous studies and what is 
known about the nesting and feeding habits 
of pinyon-juniper obligate species.

   We modeled relationships between 
vegetation characteristics of habitat and bird 
species frequency and richness at a scale 
that we feel represents proximal cues used 
in habitat selection by avian species.  We 
did not locate nests in this study, but instead 
focused on detections of birds at each count 
station during the breeding season.   We felt 
that this would provide us a robust picture of 
breeding season habitat requirements. 

Although this study focused on bird 
species that used pinyon-juniper woodlands 
during the breeding season, several bird 
species are known to depend on pinyon-
juniper woodlands in the fall and winter. 
Flocks of Pinyon Jays (Gymnorhinus 
cyanocephalus) were observed in our study 

but not included in analysis because they 
were detected only in flight.  Townsend’s 
Solitaire feeds nearly exclusively on juniper 
fruits in winter (Poddar and Lederer 1982) 
and Juniper Titmouse is known to eat juniper 
fruits throughout the fall (Latta et al.1999). In 
addition to breeding birds, managers should 
also consider how fuels reduction treatments 
might impact the ability of woodlands to 
also support the fall and winter requirements 
of birds that rely on these habitats.

Management implications
Avian communities in pinyon-juniper 

woodlands include some species that prefer 
mature woodlands, areas of high tree density, 
and shrubby openings.  These woodlands 
were historically maintained by fire, but 
with the recent suppression of natural fires 
the pinyon-juniper ecosystem requires active 
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management in order to sustain the variety 
of successional stages that are necessary to 
support a full assemblage of avian species.  
We found that a reduction of pinyon pine 
density will negatively influence many 
bird species due to positive relationships 
of pinyon-juniper specialists with pinyon 
abundance.  The density of pinyon also 
influences overall avian species richness.  
Previous research has shown that the 
distribution of pinyon-juniper specialists was 
limited by the presence of pinyon pine near 
the boundary of the geographic range of these 
bird species (Pavlacky and Anderson 2001), 
but our results indicate that the influence 
occurs over the entire geographic range of 
the avian species.  To enhance treatments 
for avian pinyon-juniper specialists, 
planning and precision implementation of 
selective handcutting can ensure that a larger 
proportion of pinyon pines are left standing.  
However, this is also labor intensive and 
expensive.  Application of prescribed fire 
in a mosaic of small treatments would also 
leave pockets of high density pinyon pine. 

Unlike mechanical treatments, fire plays 
an additional role in nutrient cycling, and 
stimulates seed sprouting (Bock and Block 
2005). If selective cutting is used initially 
to reduce fuel density and ladder fuels, 
the risk of stand-replacing crown fires will 
be reduced.  This may require a series of 
smaller-scale treatments. Prescribed fire can 
then mimic natural fires which historically 
maintained healthy woodlands with 
openings that contribute to the diversity of 
avian habitat provided by pinyon-juniper 
woodlands.  Once restoration goals are 
obtained, there will no longer be a need to 
suppress natural fires within the woodland.  
This process reduces risk to adjacent 
properties and resources, and will eventually 
restore a natural fire regime that maintains 
space between mature trees and preserves 
woodland openings.

Application of fuels reduction in multiple 
small-scale treatments could effectively 

rotate treatment units through successional 
stages, maximizing the number of species 
for which habitat is provided. It also needs 
to be recognized that ecological restoration 
of pinyon-juniper woodlands may cause 
declines of some species, while enhancing 
habitat for other species.  The relationships 
that we found can hopefully better assist 
land managers in making management 
decisions regarding consequences to avian 
community structure when they undertake 
fuels reduction treatments in pinyon-
juniper woodlands with similar vegetation 
characteristics.
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Common name Scientific name Code GSENM Walnut

American Robin Turdus migratorius AMRO 0 4

Ash-throated Flycatcher Myiarchus cinerascens ATFL 62 93
Black-chinned 
Hummingbird Archilochus alexandri BCHU 9 29

Bewick’s Wren Thyomanes bewickii BEWR 0 93

Blue-gray Gnatcatcher Polioptila caerulea BGGN 64 4

Black-headed Grosbeak Pheucticus melanocephalus BHGR 42 46
Black-throated Gray 
Warbler Dendroica nigrescens BTYW 27 25

Black-throated Sparrow Amphispiza bilineata BTSP 31 0

Brewer’s Sparrow Spizella brewerii BRSP 76 0

Brown Creeper Certhia americana BRCR 0 *

Brown-headed Cowbird Molothrus ater BHCO 7 50

Bushtit Psaltiparus minimus BUSH 16 25

Cassin’s Kingbird Tyrannus vociferans CAKI 4 0

Canyon Wren Catherpes mexicanus CANW 0 *

Chipping Sparrow Spizella passerina CHSP 78 89

Common Nighthawk Cordeiles minor CONI 7 11

Dusky Flycatcher Empidonax oberholseri DUFL 2 0

Gray Flycatcher Empidonax wrightii GRFL 7 82

Gray Vireo Vireo vicinior GRVI 0 0

Green-tailed Towhee Pipilo chlorurus GRRO 2 0

Hairy Woodpecker Picoides villosus HAWO 0 32

Hepatic Tanager Piranga flava HETA 0 3

House Finch Carpodacus mexicanus HOFI 4 61

Juniper Titmouse Baeolophus ridgwayi JUTI 0 86

Lark Sparrow Chondestes grammacus LASP 42 57

Lazuli Bunting Passerina amoena LAZB 2 0

Lesser Goldfinch Carduelis psaltria LEGO 0 18

Loggerhead Shrike Lanius ludovicianus LOSH 2 4

Mountain Bluebird Sialia currucoides MOBL 11 36

Mountain Chickadee Poecile gambeli MOCH 0 11
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Appendix 7  Bird species and percent of plots on which species was detected at two sites on the Colorado Plateau 
during 2005 and 2006 breeding seasons. GSENM=Grand Staircase Escalante National Monument, Walnut=Walnut 
Canyon National Monument and surrounding Coconino National Forest. *Observed outside of count period.

Common name Scientific name Code GSENM Walnut

Mourning Dove Zenaida macroura MODO 56 64

Northern Flicker Colaptes auratus NOFL 7 14

Northern Mockingbird Mimus polyglottos NOMO 13 61

Olive-sided Flycatcher Contopus cooperi OSFL 2 4

Phainopepla Phainopepla nitens PHAI 4 0

Plumbeous Vireo Vireo plumbeus PLVI 0 7

Pygmy Nuthatch Sitta pygmaea PYNU 0 7

Red-tailed Hawk Buteo jamaicensis RTHA 4 0

Rock Wren Salpinctes obsoletus ROWR 0 *

Sage Sparrow Amphispiza belli SAGS 18 0

Say's Phoebe Sayornis saya SAPH 7 7

Spotted Towhee Pipilo maculatus SPTO 87 93

Steller's Jay Cyanocitta stelleri STJA 0 14

Townsend’s Solitaire Myadestes townsendi TOSO 13 0

Turkey Vulture Cathartes aura TUVU 0 4

Vesper Sparrow Pooecetes gramineu VESP 71 50

Virginia’s Warbler Vermivora virginiae VIWA 9 0

Western Bluebird Salia mexicana WEBL 29 18

Western Kingbird Tyrannus verticalis WEKI 0 14

Western Meadowlark Sturnella neglecta WEME 22 7

Western Tanager Piranga ludoviciana WETA 11 4

Western  Scrub Jay Aphelocoma californica WSJA 18 43

Western Wood-Pewee Contopus sordidulus WEWP 2 11

White-breasted Nuthatch Sitta carolinensis WBNU 2 46

Wild Turkey Meleagris gallopavo WITU 0 *

Yellow Warbler Meleagris gallopavo YEWA 0 7

Yellow-rumped Warbler Dendroica coronata YRWA 2 11
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