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Abstract approved:

The encroachment of western juniper into mountain big sagebrush plant

communities and the subsequent development of juniper stands results in significant

changes in vegetation structure and complexity. This study described and compared

vegetative structure and bird community measures among four cover types representing a

broad range of structural stages among semi-arid, upland plant communities in central

Oregon. Avian communities and vegetation were sampled in 4 vegetative structural

stages (cover types), including: 1) post-burn grassland (<5years post-burn); 2) mountain

big sagebrush-Idaho fescue shrub-steppe; 3) mid-successional western juniper; and 4)

old-growth western juniper. The point count, or variable circular plot (VCP), method was

used to survey birds in May and June of 1998 and 1999. Bird density estimates for each

transect in each year, mean relative abundance, and species richness, evenness, and

diversity were compared among cover types.

Sixteen of 22 vegetation measurements were significantly different (P<_0.05)

among the four cover types. Mean bird species richness was greatest in the old-growth

and mid-successional juniper types, with means of 22.9 and 23.6 species transecf 1,



respectively. Bird species diversity (H) was similar between the old-growth (H'=2.499)

and mid-successional (H'=2.416) cover types. Mean species richness was lower in the

grassland cover type (17.6 species transect ) and lowest in the shrub-steppe cover type

(11.5 species transect 1). Bird species diversity was similar in grassland and shrub-

steppe, H=1.820 and H=1.644. Habitat complexity was evaluated by comparing the

diversity of coverage of plant structural types. Indices of habitat complexity were

calculated for each transect by using physiognomic cover diversity (PCD). Bird species

diversity was positively correlated with PCD (r2=0.535; P=0.0013).

Total bird density was significantly greater in 1999 than in 1998 (P<_0.05). Total

bird density was greatest in old-growth juniper (6.551 birds ha ) and lowest in post-burn

grasslands (3.569 birds ha 1). Total bird density was similar in shrub-steppe and mid-

successional juniper (5.968 and 5.542 birds ha-1, respectively). Old-growth juniper had

the highest total densities of both tree and cavity nesters. Total density of ground nesting

birds was greatest in the grassland type. Total density of shrub nesting species was

highest in the shrub-steppe type.

Species consistently detected within all four cover types were Empidonax spp.

flycatchers, brown-headed cowbirds, and northern flickers. Species detected in juniper

stands but not other types included chipping sparrows, mountain bluebirds, mountain

chickadees, Cassin's finches, American robins, ash-throated flycatchers, and dark-eyed

juncos. The most common species in the shrub-steppe were also present in mid-

successional juniper, but at lower densities. Species composition in mid-successional

juniper was a mixture of shrub-associated and tree-associated bird species. Many bird

species that regularly occurred in old-growth juniper also occurred in mid-successional



juniper, however, density and richness of shrub nesting species was lower in old-growth

juniper.

Mountain chickadees, Cassin's finches, chipping sparrows, brown-headed

cowbirds, mountain bluebirds, and dark-eyed juncos, Empidonax spp. flycatchers, ash-

throated flycatchers, and northern flickers were correlated with juniper canopy cover,

canopy volume, total tree density, and average tree height. Vesper sparrows, western

meadowlarks, green-tailed towhees, and horned larks were correlated with vertical

density of herbaceous vegetation, total vertical density of all vegetative functional

groups, and perennial grass cover. Brewer's sparrows, sage sparrows, sage thrashers, and

horned larks were associated with total cover of all shrub species, cover of green

rabbitbrush and sagebrush, vertical density of shrubs, and bare ground.

In the absence of fire or direct management actions, the transition of mountain big

sagebrush plant communities to juniper woodlands will likely result in decreased

densities or loss of shrub nesting and sagebrush obligate birds. However, sites in the

early stages of juniper transition, with an intact shrub component, may provide both

shrub and tree-foliage nesting bird species with suitable breeding habitat. Old growth

juniper stands provide both tree and cavity nesting species with breeding habitat, but

shrub-nesting species will likely be absent or at very low densities because of low shrub

cover. On a landscape level, a mixture of various ages of juniper stands, as well as

juniper-free mountain big sagebrush and grassland will likely result in the greatest

diversity of bird species.
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HABITAT ASSOCIATIONS OF BIRD COMMUNITIES IN SHRUB-STEPPE AND
WESTERN JUNIPER WOODLANDS

INTRODUCTION

Plant communities in the semi-arid, intermountain shrub-steppe region have been

constantly changing over the past 10,000 years (Miller and Wigand, 1994). However, the

density and distribution of western juniper (Juniperus occidentalis) woodlands have been

increasing into surrounding plant communities at unprecedented rates during the last 130

years (Burkhardt and Tisdale 1976, Young and Evans, 1981, Miller et al. 1994, Miller

and Rose 1995, 1999). Factors such as optimal climatic conditions in the late 1800's,

intensive livestock grazing around the turn of the century, and reduced fire frequencies

are thought to have contributed to western juniper woodland expansion (Young and

Evans 1981, Miller et al. 1994, Miller and Rose 1999).

Currently, western juniper occupies approximately 3.2 million ha in eastern

Oregon, southwestern Idaho, and northeastern California (Gedney et al. 1999). The

majority of this area supports post-settlement juniper stands (established after European

settlement of the area) that are in an active state of transition from shrub-steppe to juniper

woodland (Miller et al. in press). The encroachment of western juniper into mountain big

sagebrush (Artemisia tridentata ssp. vaseyana) shrub-steppe plant communities and the

subsequent development of juniper stands results in significant changes in vegetation

structure and complexity (Burkhardt and Tisdale 1969, Miller et al. 2000). For example,
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Miller et al. (2000) have demonstrated that increasing juniper canopy cover is associated

with rapidly declining sagebrush cover in mountain big sagebrush communities.

Although the majority of juniper woodlands have developed since the 1870's, old-

growth woodlands account for approximately 5 to 10% of western juniper stands.

Structural characteristics of old-growth juniper woodlands include standing dead trees,

rounded canopies, large basal limbs, cavities, abundance of lichen in the tree canopies,

and relatively low shrub cover (Waichler, et al. in press). Many of these structural

characteristics of old-growth juniper likely provide habitat for various wildlife species.

Relatively little research has been conducted on bird communities within western

juniper woodlands. Even fewer studies have explicitly related bird communities to

successional patterns in these rapidly changing woodlands. In a three-year study in

central Oregon, Gashwiler (1977) compared bird populations among mountain big

sagebrush, western juniper, ponderosa pine (Pinus ponderosa), and lodgepole pine (P.

contorta) habitats in central Oregon. In his study, western juniper had the largest number

of territorial birds for two of three years, and the greatest number of territorial species for

three years. However, the study did not define the successional state of the juniper

woodland, which determines the structural complexity of the stand. Similarly, Maser et

al. (1984) found that a juniper/sagebrush/bunchgrass community supported one of the

highest numbers of wildlife species in comparison to other rangeland plant communities

in southeastern Oregon. However, the juniper/sagebrush/bunchgrass plant community

outlined within their summary seems to describe a woodland in the early-to-mid stages of

juniper successional development.
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Avian populations are often related to vegetation structure, and increased bird

species diversity often is associated with increased structural complexity of the

vegetation (McArthur and McArthur 1961, McArthur et al. 1962, Karr and Roth 1971,

Balda 1975, Roth 1976, Cody 1981). In particular, the addition of trees to a sere may

have a major influence on the occurrence of many avian species (Willson 1974).

Therefore, it is likely that changes in vegetation structure resulting from juniper

encroachment alter the composition and abundance of associated bird communities. The

comparative amounts of herbaceous, shrub, and tree cover among various stages of

successional development may be the primary factors influencing bird communities in

these developing woodlands.

In addition to providing a provisional list of species that utilize western juniper,

Maser and Gashwiler (1978) described how the structure of individual western juniper

trees change with increasing maturity. They also illustrated how birds may differentially

utilize juniper trees of various ages for courting, nesting, feeding, and cover

requirements. However, only juniper was taken into account and temporal changes in the

vegetative components of the entire plant community were not considered.

More attention has been given to bird communities in the similar, but more

expansive, pinyon-juniper (Pinus-Juniperus) woodland cover type in the Intermountain

West. Balda and Masters (1980) reported breeding bird diversity and density to be quite

variable within pinyon-juniper woodlands and attributed much of the variance in bird

communities to physiognomic variance over the range of the vegetation type. Paulin et

al. (1999) in a comparison of bird communities in eight forest cover types in Utah, found

mature pinyon-juniper woodlands had the second highest abundance and third highest
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number of species of breeding birds. In other studies in pinyon-juniper (Webb 1999) and

Rocky Mountain juniper (J. scopulorum) (Sieg 1991), similarly high total abundance and

bird species richness were reported, but stand age or successional stage of woodland

development was not described.

A few researchers have described the effects of anthropogenic disturbance

(anchor-chaining) and succession in pinyon-juniper habitats. O'Meara et al. (1981), in a

study of the effects of chaining in pinyon-juniper woodland in Colorado, found breeding

bird densities on unchained sites were more than double those on recently chained areas.

Furthermore, the chained and unchained areas had no breeding species in common. In a

similar study, Sedgwick and Ryder (1986) found that tree removal had the greatest

negative effect on bird species associated with late-successional stages, whereas bird

species associated with more open-area habitat conditions benefited from chaining.

Species composition of bird communities on the chained and unchained plots was

different, with greater species richness and diversity on unchained plots than on chained

plots. Bird species that foraged and/or nested on the ground were less effected by

chaining than aerial or foliage foraging species (Sedgwick and Ryder 1986), but again,

structure of unchained woodlands or understory response in chained plots were not

considered.

The purpose of this study was to describe and compare the vegetative structure

and bird communities among pre-settlement old-growth western juniper woodlands,

developing post-settlement western juniper woodlands (early-to-mid stage of succession)

and mountain big sagebrush stands without a juniper component. In addition, grassland

sites resulting from recent bums of mountain big sagebrush habitats were included to
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encompass the earliest stages of plant community succession following recent natural

disturbance. Collectively, these four cover types represented a broad range of structural

stages among semi-arid, upland plant communities in central Oregon. I hypothesized that

densities and assemblages of songbirds among cover types are related to differences in

vegetative structure. Secondly, I hypothesized that areas with the highest structural

diversity of vegetation will support the highest bird species diversity and richness. It was

also of additional interest to relate bird species densities and overall bird communities to

various measurements of vegetation structure.
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METHODS

STUDY AREA

The study was conducted on 16 sites within the Mazama and High Desert

Ecological Provinces (Anderson et al. 1998) in central Oregon (Figure 1). Elevations of

sites ranged from 1110 to 1530m. Twelve sites were located in Deschutes County, in the

vicinity of Millican, southeast of Bend, OR. Four sites were located in Lake County on

the slopes of Green Mountain, about 16 km north of Christmas Valley, OR. All sites

were located on lands managed by the Lakeview and Prineville Districts of the Bureau of

Land Management (BLM). Primary land uses included grazing, recreation (off-road

vehicles), and wilderness study areas.

Climate of the study area is characteristic of the northern Great Basin. The

weather station nearest the study area is located at Brothers, OR. The 30-year average of

total yearly precipitation was 23.8 cm, falling predominantly as winter and spring snow

and rain (Taylor 1993). Total yearly precipitation during the years of this study, 1998

and 1999, was 24 and 4.4 cm, respectively (Figure 2). The 30-year average of monthly

temperature in spring (April, May, June) was 8.8 C (Taylor 1993). Average spring

monthly temperature during the years of this study, 1998 and 1999, was 7.6 and 8.9 C,

respectively (Figure 3).

STAND SELECTION

Study sites were selected within mountain big sagebrush/Idaho fescue (Festuca

idahoensis) and old-growth juniper/Idaho fescue plant associations. Each study site was
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selected to be as homogenous as possible based on vegetative structure (Table 1) and

minimum evidence of site disturbance. Soils among the study area were of aeolian

origin, made up largely of fine pumice sand.

Selection of mid-successional and old-growth juniper sites was based on the

juniper woodland development model described by Miller et al. (in press). Shrub-steppe

sites were chosen within mountain big sagebrush communities with little-to-no juniper

trees present. Grassland sites were selected in mountain big sagebrush-Idaho fescue

habitat types that burned within the previous five years and were dominated by perennial

grasses and forbs. Three of the four grassland sites burned in the late summer or early

fall of 1995. Prescribed burns created two of these three grasslands and one resulted

from a wildfire. The fourth grassland site resulted from an extensive wildfire in the

summer of 1996.

SAMPLING DESIGN

Avian communities and vegetation were sampled in 4 vegetative communities,

hereafter referred to as cover types. The 4 cover types included: 1) post-burn grassland

(<5years post-burn) (Figure 4), 2) mountain big sagebrush-Idaho fescue shrub-steppe

(Figure 5), 3) mid-successional western juniper (Figure 6), and 4) old-growth western

juniper (Figure 7). Four replicate sites were established in each cover type for a total of

16 study sites. A transect was established at each site and consisted of 8 permanently

marked sample points spaced evenly at 200 m intervals. A sample point was a single

station at which bird surveys and vegetative sampling were conducted. At each study

site, the initial sample point was established randomly and successive points were placed
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Table 1. Characteristics of old-growth juniper woodlands, mid-successional juniper
woodlands, shrub-steppe, and post-burn grassland used in classification of vegetative
cover types and study site selection. Old-growth juniperwoodland characteristics taken

from Waichler et al. in press and Miller et al. 1999. Mid-successional juniper woodland
characteristics taken from Miller et al. in press.

Old-growth Juniper:
1. Juniperus occidentalis lArtemisia tridentata ssp. vaseyana/Festuca idanoensis and

Juniperus occidentalis lArtemisia tridentata ssp. vaseyana IStipa comata plant

communities
2. pre-settlement stand; majority of trees established prior to 1870
3. juniper canopy cover 10-35%
4. >75% of trees expressing one or more of these morphological characteristics:

a. rounded canopies, >10% canopy decadence
b. irregular tapering trunks
c. few heavy basal limbs
d. deeply furrowed bark

5. <10% trees regenerating in the understory
6. abundance of lichens Letharia vulpina and L. columbiana on dead or dying wood

Mid Successional Juniper:
1. Juniperus occidentalis /Artemisia tridentata ssp.vaseyana/Festuca idanoensis plant

communities
2. tree canopy actively expanding
3. juniper canopy cover 6 to 20%
4. good terminal and lateral leader growth on large trees, if present
5. active tree recruitment, primarily beneath shrub canopies
6. small trees (<3m tall) maintaining good terminal and lateral leader growth, canopies

with conical rather than cylindrical shape
7. shrub layer nearly intact in the interspace, to showing signs of mortality around

dominant trees

Mountain big sagebrush shrub-steppe:
1. Artemisia tridentata ssp. vaseyana/Festuca idahoensis plant communities

2. little or no juniper present
3. intact herbaceous layer
4. minimal evidence of disturbance

Grassland/Recent Burn:
1. Sites wereArtemisia tridentata ssp. vaseyana/Festuca idanoensis communities

2. areas burned within the last 5 years
3. vegetation currently dominated by grasses and forbs



Figure 4. Typical post-burn (<5 years) grassland cover type in central Oregon

Figure 5. Typical mountain big sagebrush shrub-steppe cover type in central

Oregon
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Figure 6. Typical mid-successional juniper cover type in central Oregon

Figure 7. Typical old-growth juniper cover type in central Oregon
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systematically within the current cover type and at least 100 in from any habitat edge

(abrupt change to a different cover type). Transects were placed in a configuration that

best covered the stand while avoiding habitat edge as much as possible.

Bird habitat associations were conducted at two scales, a site-level or macro-

habitat scale and a micro-habitat scale. For the macro-habitat analysis the objective was

to estimate and compare avian densities and vegetation structure among cover types at

the transect level; therefore, each transect was considered the sampling unit. For the

micro-habitat analysis, the objective was to associate bird species densities with the

vegetation surrounding each sample point; therefore, the sample point was treated as the

sampling unit. Because an attempt was made to place transects (and sample points) in

uniform habitat, vegetation surrounding each sample point was assumed to be

representative of a larger area around each point (Wiens and Rotenberry 1981).

MACRO-HABITAT VEGETATIVE SAMPLING

Vegetative structure and composition were sampled at each of the 16 study sites

from 6 July-14 July 1999. Three vegetative plots were placed in the general area ranging

from the first third to the last third of each transect (Poulton and Tisdale 1961, Miller et

al. in press). Plot locations were selected arbitrarily but without preconceived bias via a

blind toss of an object. Each plot was composed of 3, 60 in parallel lines. The spacing

between each line was 15 in and the lines were placed in a random direction. The line-

intercept method (Canfield 1941) was used to estimate shrub and juniper cover along

each 60 in line. Live and dead shrub intercepts were recorded separately for each species

of shrub. Individual shrubs were counted within three, 2 by 30 in plots centered on the
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central portion (15-45 m) of each 60 m line to estimate shrub density. Individual juniper

trees were counted within three, 6 x 60 m plots centered on each line to obtain estimates

of juniper density.

Percent ground cover was visually estimated in 0.2 m2 (40 by 50 cm) rectangular

frames at 3 m intervals along each of the 3, 60 m lines (60 frames/plot). Ground cover

attributes were estimated according to functional groups, including perennial grasses,

annual grasses, perennial forbs, annual forbs, bare ground and rock, plant litter, and

microbiotics.

COMMUNITY VEGETATIVE PATTERNS

Because study sites were selected a priori within particular vegetation

communities, most vegetative characteristics among cover types were distinct. Sixteen of

22 vegetative measurements were significantly different (P!50.05) among the four cover

types (Table 2). At all sites, the occurrence and coverage of gray rabbitbrush

(Chrysothamnus nauseosus), bitterbrush (Purshia tridentata), and horsebrush

(Tetradymia canescens) were quite low; therefore their cover and density values were

pooled into an "other" shrub category for analysis. Vegetative attributes that did not

significantly differ among cover types included cover of "other" shrub species, cover of

microbiotics, cover of bare ground/rock, and standing dead juniper density, downed dead

juniper density, and "other" shrub density. With the exception of the grassland cover

type, ground cover attributes differed little among cover types.

The grassland cover type had the highest cover of perennial grasses (P=0.0004),

perennial forbs (P=0.0008), and annuals (P=0.0077) (Table 2). The shrub-steppe cover



Table 2. Comparison of plant cover and density among four vegetative cover types in central Oregon, 1999.

Juniper Canopy Cover (%):

live (all) 0.1 0.1 0.1 <0.1 6.1 1.4 23.0 4.0 96.08 3,12 <0.0001 aabcI

Shrub Cover (%):

live shrub (total) 5.1 1.0 18.6 1.4 12.6 1.4 5.4 2.0 19.07 3,12 <0.0001 abba
sagebrush 0.1 <0.1 9.5 1.7 10.1 1.0 3.9 1.6 27.99 3,12 <0.0001 abbc I

green rabb. 4.0 0.9 8.1 1.0 1.9 0.7 0.2 0.1 27.60 3,12 <0.0001 (ab)abc'
"other" shrubs 1.0 0.3 0.9 0.8 0.6 0.3 1.3 0.8 0.19 3,12 0.9019
dead shrub 0.4 0.2 7.9 0.6 3.7 0.3 3.4 1.4 22.39 3,12 <0.0001 ab(bc)cI

Ground Cover (%):

Perennial grass 19.3 1.8 9.2 1.3 10.7 0.4 7.7 1.7 13.08 3,12 0.0004 abbb I

Perennial forbs 2.3 0.4 1.1 0.2 0.5 -0.2 1.1 0.1 11.45 3,12 0.0008 aaba'
Annuals 4.8 1.7 2.3 1.1 0.7 0.4 0.1 <0.1 6.43 3,12 0.0077 a(ab)bb'
Microbiotics <0.1 <0.1 3.9 1.4 3.0 1.1 7.4 1.1 15.76 3,12 0.0002 abbb'
Litter 20.2 5.5 19.1 1.6 18.5 2.0 25.3 1.6 1.20 3,12 0.3510
Bare/Rock 55.6 7.6 65.4 2.3 67.3 2.3 56.7 2.0 2.00 3,12 0.1671

Juniper Density (individ. ha1):

live (all) 0.0 0.0 9.3 6.5 165.1 24.3 234.7 18.3 41.37 2,9 <0.0001 xabb

juvenile (<I m) 0.0 0.0 3.9 2.9 75.6 18.5 33.7 8.4 16.83 2,9 0.0009 xabb'
live (>lm) 0.0 0.0 5.4 3.6 89.5 19.1 201.1 11.1 57.91 2,9 <0.0001 xabc

standing dead 18.5 9.1 0.0 0.0 9.3 4.9 10.4 3.0 0.26 2,9 0.7778
down dead 0.0 0.0 1.5 1.5 9.3 7.3 2.6 1.6 0.48 2,9 0.6336

Post-burn Mid-Successional Old-Growth
Grassland Shrub-steppe Juniper Juniper Test Statisticsa
mean SE mean SE mean SE mean SE F df P Tukey's HSDb

C.'



Table 2. Continued

Post-burn Mid Successional Old Growth
Grassland Shrub-steppe Juniper Juniper Test Statisticsa
mean SE mean SE mean SE mean SE F df P Tukey's HSDb

Shrub Density (individ. ha-'):
live shrub (total) 7944.4 1138.8 14143.5 1658.5 8763.9 1099.0 3966.1 1750.6 8.43 3,12 0.0028 ab(ab)a
sagebrush 143.5 58.7 5574.1 1228.0 5722.2 705.0 3219.1 1580.7 13.88 3,12 0.0003 abbb'
green rabb. 6675.9 1526.7 8046.3 1355.3 2722.2 791.4 223.5 95.9 20.25 3,12 <0.0001 (ab)abc'
"other" shrubs 1125.0 393.5 523.1 374.4 319.4 85.0 523.5 161.4 1.48 3,12 0.2700
dead shrub 560.2 89.6 1643.5 225.5 1009.3 118.2 1218.6 391.0 6.08 3,12 0.0093 ab(ab)(ab)'

a One-way ANOVA with four treatments: grassland, shrub-steppe, mid successional juniper (n=16 transects). Test statistics in bold, italicized type
are based on transformed (1=natural loge, and s=square root transformation) response variable.

b Tukey's HSD test for differences among treatments. Letters signify treatments, while different letters within rows represent significantly different
treatment means (P<0.05). x=treatment excluded from model

'natural log transformation

$square root transformation
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type had the highest cover and density of live shrub (P<0.0001 and P=0.0028,

respectively), green rabbitbrush (Chrysothamnus viscidif Zorus) (P<0.0001 and P<O.0001,

respectively), and dead shrub (P<0.0001 and P=0.0093, respectively). The mid-

successional cover type had the highest density of juvenile juniper. Combined cover of

all live shrubs was larger in shrub-steppe due to significantly greater cover of green

rabbitbrush (P<0.0001). The old-growth juniper cover type had the highest canopy cover

of live juniper (P<0.0001), and microbiotics (P=0.0002). In addition, the old-growth

juniper cover type had the highest density of live juniper (all) (P<O.0001), and live

juniper >lm (P<0.0001).

Shrub and juniper canopy cover of mid-successional juniper sites in this study

were similar to mid-successional juniper communities described by Miller and Rose

(1999). Mid-successional juniper sites also fit the US Forest Service definition of

savanna, having <10% tree cover (Gedney et al. 1999) and an intact shrub-grass

understory. Total juniper canopy cover on old-growth juniper sites was nearly four-times

that of mid-successional juniper sites. Much of this increase in canopy cover was due to

the presence of mature juniper trees with characteristic rounded, pre-settlement growth

form. Total shrub cover in old-growth juniper was less than half that of mid-successional

juniper and less than one third that of shrub-steppe.
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The following sections provide descriptions of the vegetative characteristics of the cover
types:

Post-bum Grassland

The grassland cover type was characterized by the highest perennial grass cover

(19.3%, SE=1.8), perennial forb cover (2.3%, SE=0.4), cover of annuals (4.8%, SE=1.7),

and the near absence of live juniper cover (0.1%, SE=0.1) (Table 2). Total shrub cover

was relatively low (5.1%, SE=1.0), with re-sprouting green rabbitbrush constituting 78%

of live shrub cover and 84% of the live shrub density. Dead shrub cover (0.4%, SE=0.2)

and density (56.0 individuals/10ha, SE=9.0) were relatively low as most of the pre-

existing shrubs were completely consumed by the recent fires. However, the presence of

standing dead juniper snags (18.5 individuals/ha, SE=9. 1), most lacking leaves or small

branches, resulted in the highest densities of standing dead juniper among cover types.

Shrub-steppe

The shrub-steppe cover type was characterized by the highest live shrub cover

(18.6%, SE=1.4) and dead shrub cover (7.9%, SE=0.6), and the near absence of live

juniper cover (0.1%, SE<0.1) (Table 2). Occasional, scattered juniper trees at one shrub-

steppe site accounted for the presence of juniper cover within the shrub-steppe cover

type. Sagebrush and green rabbitbrush, respectively, constituted 51 and 44% of live

shrub cover, as well as 40 and 57% of live shrub density. Ground cover attributes were

similar to those of the mid-successional and old-growth juniper cover types (Table 2).
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Mid-Successional Juniper

The mid-successional juniper cover type was characterized by a mixture of cover

of shrubs and juniper (Table 2). The ratio of juniper cover to live shrub cover was 0.48,

indicating that shrubs composed the majority of the woody cover. Live shrub cover was

12.6% (SE=1.4), the composition of which was 80% sagebrush and 15% green

rabbitbrush. Total juniper cover was 6.1% (SE=1.4). The overall density of live juniper

(165.1 individuals/ha) was composed of 46% juvenile juniper (<im) and 54% older

juniper (>lm), respectively. Perennial forb cover was only 0.5% (SE=0.2). Cover values

of all other ground cover attributes were similar to those of the shrub-steppe and old-

growth juniper (Table 2).

Old-Growth Juniper

The old-growth juniper type was characterized by the greatest cover of live

juniper (23.0%, SE=4.0) among all types (Table 2). The ratio of live juniper cover to

shrub cover was 4.26, indicating that juniper composed the majority of the woody

vegetation. Overall density of live juniper was composed of 14% juvenile juniper (<lm)

and 86% older juniper (>lm), respectively. Density of juniper (>lm) was by far the

greatest in the old-growth type (201.1 individuals/ha). However, the overall density of

live juniper (both large and small trees) was not significantly different (P>0.05) between

the mid-successional and old-growth juniper types largely due to greater numbers of

juvenile trees (<im) found in the mid-successional type. Shrub cover was relatively low

(5.4%, SE=4.0), 72% of which was composed of sagebrush. Ground cover attributes in
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old-growth juniper were similar to those of the shrub-steppe and mid-successional cover

types (Table 2).

MICRO-HABITAT VEGETATIVE SAMPLING

Vegetative structure and composition were sampled at each of the 128 bird survey

points. A total of 32 habitat parameters were measured or derived for each bird survey

point (Table 3). Vegetation sampling was performed from 6 July-20 August 1998.

Vegetation was sampled along 4, 20 m lines, each radiating from the sample point. The

lines were placed 90° apart, with the first direction selected at random. Percent ground

cover was estimated in 0.4m2 (40 by 100 centimeters) rectangular frames placed at 3 m

intervals along each of the 4, 20 m lines (20 frames/plot). Ground cover attributes were

estimated according to functional groups, including perennial grasses, annual grasses,

perennial forbs, annual forbs, bare ground and rock, litter, and cryptogamic crust. The

line-intercept method (Canfield 1941) was used to estimate shrub cover along each 20 m

line. Live and dead shrub intercept measurements were recorded separately for each

species of shrub encountered. Maximum shrub height was also measured for each

individual shrub encountered.

A thin rod (5 mm diameter) was placed vertically at 3 m increments along each

20 m line. Indices of vertical density of vegetation were obtained by counting the

number of vegetation contacts with the rod within 10 cm segments (Cody 1968).

Vegetation contacts were recorded separately according to functional groups of the

vegetation (same as previous).
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Table 3. Description of micro-habitat attributes measured in 20-m radius plots centered
at each bird survey point in central Oregon, 1998.

Code

SLOPE
AVGTRHT
CANCVM
CANVOL

CAVS
PGRS%
AGRS%
BGND%
LITR%
MICR%
PFORB%
AFORB%
RCK%
ARTR%
DEADS%
CHVI%
OTHSHRB%

ALLSHRB%

AVGSHBHT

MAXSHBHT
DENS l&2

DENS3

DENS4

DENS5&6
DENS?
TOTDENS
ALLHITS

SHBHITI
SHBHIT2
SHBHIT3
HCHITS<10

HCHITS>lo

Description
measure of percent slope
average height of juniper trees
sum of max jumper canopy cover
index of juniper canopy volume (sum of canopy cover measured at 3, 6, and 9m above
ground)
number of cavities
percent cover of perennial grass
percent cover ofannual grass
percent cover of bare ground
percent cover of ground litter
percent cover of microbiotics
percent cover of perennial forbs
percent cover of annual forbs
percent cover of rock
percent cover of sagebrush
percent cover of dead shrub
percent cover of green rabbitbrush

percent cover of "other" shrubs (sum of gray rabbitbrush, bitterbrush, and horsebrush)

sum of percent cover of all live shrubs

average shrub height

maximum in-plot shrub height
density of juvenile (<lm height) and sapling (1-4m height; sharp-pointed tops; with
active leader growth) juniper trees
density of young mature/post-settlement juniper trees (>4m height; sharp-pointed
tops/with active leader growth)
density of mature/pre-settlement juniper trees (>4m height; rounded canopies; lack of
active leader growth)
density of senescent juniper trees (>25% of canopy dead)
density of juniper snags (standing dead)
sum of all juniper tree density
vertical density index: sum of all vegetation hits in all intervals on vertical rod (Cody
1968)

shrub vertical density index: sum of shrub hits (0-30cm) on vertical rod (Cody 1968)
shrub vertical density index: sum of shrub hits (30-60cm) on vertical rod (Cody 1968)
shrub vertical density index: sum of shrub hits (>60cm) on vertical rod (Cody 1968)
herbaceous vertical density index: sum of herbaceous vegetation hits (<10cm) on
vertical rod (Cods 1968)
herbaceous vertical density index: sum of herbaceous vegetation hits (>10cm) on
vertical rod (Cody 1968)
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All individual juniper trees, snags, and downed logs within a 20 m radius plot

centered on each sample point were counted to estimate juniper density. Tree stem

widths were measured at ground level using a pair of large calipers. Also measured for

each tree in each plot were tree height, maximum canopy width, and foliage width at 3 m

height increments (3 m, 6 m, 9 m, and 12 m). I assumed that horizontal cross-sections of

tree canopies were roughly circular in shape and canopy cover estimates were obtained

by multiplying the square of 1/2 canopy diameter by 71. An index of canopy volume was

obtained for each tree sampled by summing the 3 m-increment canopy cover

measurements. Height and canopy width of trees 3 m or less were directly measured with

a 3 m pole. A modified "reach stick" technique and the principle of similar triangles was

used to measure tree height and foliage cover for trees taller than 3 m. An observer

standing at the plot center held a graduated "reach stick" at arms length and calibrated the

stick by sighting against a three-meter pole placed adjacent to the tree being measured.

The height and width of the tree canopy were then measured by sighting the calibrated

"reach stick" against the tree.

An attempt was made to count the total number of cavities in each plot. For this

study, cavities were defined as naturally occurring or excavated holes or cracks with

openings greater than 3 cm diameter and at least 10 cm deep occurring in the trunks or

large branches of trees. Cavities were counted by an observer slowly walking around

each tree and tallying all visible cavities. Cavities were checked for adequate depth when

possible.
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BIRD SAMPLING

Birds were surveyed during the breeding season in late spring and early summer

during two years. Bird surveys were conducted between the dates of 11 May to 26 June

in 1998, and from 13 May to 28 June 1999. The variable circular plot (VCP) method

(Reynolds et al. 1980), commonly referred to as the point count method (Buckland et al.

1993), was used to estimate abundance of birds. A single observer stood at a VCP station

for 8 minutes, after a 1-minute waiting period and all birds detected visually and aurally

were recorded. Bird surveys began 10-20 minutes after sunrise and were concluded

within 4 hours. Surveys were conducted on mornings without wind (<15 kph) and with

no precipitation.

The radial distance from the VCP station to the spot at which each individual bird

was first detected was visually estimated for each bird detection. If birds occurred in

relatively closely aggregated clusters of ?2 individuals, the cluster size was recorded and

distance to the center of the cluster was estimated. Flagging was tied at known distances

from VCP stations to aid in distance estimation. Distances were estimated to the nearest

meter for detections within 20 m of the VCP station. Distances were recorded to the

nearest 5 m for detections 20-100 m from VCP station. Detection greater than 100 m

from the VCP station point were recorded to the nearest 10 m. Also recorded with each

bird detection was whether or not the bird(s) were observed within the current cover type

being surveyed or within a different cover type. Since detections were recorded out to

unlimited radii at each point, an attempt was made to identify and note detections of birds

thought to have been detected at neighboring points.
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Another observer and I conducted all bird sampling for both years. Each transect

was visited 6 times/breeding season, for a total of 12 visits/transect. Each observer

visited 2 transects/morning and each observer's survey efforts were distributed evenly

among all transects for each year. The order in which the transects were visited, and the

sequence in which the points were traversed, were alternated on successive visits. In

addition, transects were visited alternately by each observer on successive visits in order

to average any observer bias in distance estimation.

DATA ANALYSES

Macro-habitat Vegetative Data

Vegetative variables were reduced to means and standard errors for each transect.

Each vegetative variable was subjected to one-way Analysis of Variance (ANOVA), with

four treatments (cover types) by four transects (n=16). I used SAS (version 6.14) General

Linear Models procedure (SAS Institute Inc. 1988) for the ANOVA tests. When response

variables indicated non-normality and/or unequal variance, data were converted by loge,

loge(Y+l) (for variables with zero values), or square root transformations to meet

ANOVA assumptions; I report untransformed means and standard errors. If the value of

a certain vegetative variable was zero for all transects within a cover type, the cover type

was then excluded from the analysis. I used Tukey's Studentized Range Test as the

multiple comparison procedure to test all pairwise comparisons among cover types, and

the overall familywise confidence level was set at 95% (Ramsey and Schafer 1997: 153).

Physiognomic cover diversity (PCD) (Tomoff 1974, Wiens and Rotenberry 1981)

was used as an index of habitat complexity. Vegetative cover data were categorized into
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three physiognomic or structural groups for this analysis. These groups include all

herbaceous plants, all shrubs, and juniper (>1 m) and collectively include the total

coverage of live vegetation. PCD was calculated through the substitution of percent

cover values of each major physiognomic vegetative group into the Shannon-Wiener

index (Shannon and Weaver 1963): H'=-Epi (logep );where pi is the in the proportional

coverage of it' physiognomic group.

Bird Abundance, Species Richness, Diversity, and Evenness

Relative abundance of each species for each transect (Appendix 1) were

calculated as the average of the total number of individuals detected on all sample points

during six visits for each year. All bird species observed within each cover type,

regardless of their consistency of observation, were used in the calculations of bird

species richness, diversity, and evenness. Bird species richness was calculated as the sum

of the number of individual species detected on all sample points on six visits for each

year. The Shannon-Wiener index: H'=-Ep; (logep); where pi is the proportion of

individuals in the it' species, was used to calculate bird species diversity (H'). A bird

species diversity index was calculated for each transect because species diversity is not as

sensitive to rare species as is species richness alone (Meslow 1978). The division of H'

by loge of species richness was used to calculate bird species evenness (J')

Species richness and diversity were averaged between years for each treatment

given that there were no significant (P>0.05) year-by-treatment interactions. Simple

linear regression (SAS Assist; SAS Institute Inc., 1988), with H' as the response variable
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and PCD as the explanatory variable, was used to evaluate the relation between habitat

complexity and bird species diversity.

Bird Density Estimation

We found it difficult to distinguish between dusky flycatchers (Empidonax

oberholseri) and gray flycatchers (Empidonax wrightii) during surveys. Therefore, the

two species were grouped for analysis and are hereafter referred to collectively as

Empidonax spp. flycatchers. Only those bird species observed on >_6 visits on ?2

transects (modified from Hagar et al. 1996) were selected for density estimation. These

criteria were used in order to focus the analysis on consistently observed bird species that

were likely to be breeding within the study area, to assure adequate sample sizes for

density estimates, and to meet assumptions of the statistical models used in subsequent

analyses. Density (birds/ha) estimates were calculated for selected species on each study

site/transect using distance sampling (Buckland et al. 1993) and program DISTANCE

version 3.5 (Thomas et al.1998).

Distance sampling techniques were used in order to convert relative abundance

into density estimates. Density estimates derived from distance sampling are considered

better estimates of abundance than simple relative abundance measures (number of

detections per site), because adjustments for differences in detection probabilities among

bird species and among cover types can be accomplished within distance sampling

methods. Detection probabilities may vary as a result of species specific song and/or call,

size and coloration, observer effectiveness, and habitat complexity (Buckland et al.
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1993:22). In addition, estimates of density are better suited to comparisons among

different studies than are relative abundance indices.

Central to distance sampling theory is the derivation of the detection function

(g[x]), which is based on the probability of detecting a bird, given that it is at radial

distance x from the survey point. Because vegetative complexity within cover types was

relatively homogeneous and temporally stable, I assumed individual species

detectabilities were constant within cover types and between years. All detections of

each individual bird species for both years were pooled within each cover type and a

single detection function for each species in each cover type was constructed within

program DISTANCE. Detections were then appropriately stratified by transect and year,

and the single detection function for each species in each cover type was then used to

calculate densities for each species.

Examination of histograms of the distance data revealed an abundance of

observations at certain distances for nearly all species, and in some instances, evidence of

minor movement in response to the observer. These problems were completely or

partially ameliorated by grouping the distance data into intervals before selection of the

final detection function model. Acceptable distributions were obtained with four to

twelve grouping intervals, depending on the underlying distance data. The outermost

10% of the distance data were truncated in order to eliminate outliers and to facilitate

model fitting (Buckland et al. 1993:146). Final model selection was based on Akaike's

Information Criterion (AIC) and chi-square goodness-of-fit statistics (Buckland et al.

1993:151).
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As stated above, bird detections were recorded as clusters if the birds occurred in

relatively closely aggregated groups of ?2 individuals. Larger clusters of birds should

have a higher probability of detection than single individuals, which could result in an

overestimate of mean cluster size. To test for size bias when estimating cluster size,

estimates of expected cluster size were obtained through regression of log-transformed

cluster size on the detection function (g[x]). If significant (alpha=0.15), the product of

the regression estimate of expected cluster size and the density of clusters was then used

to generate the final density estimate. The product of mean cluster size and the density of

clusters was used when the regression was not significant.

Bird density estimation at individual survey points were made using the

appropriate estimate of effective detection area for each species in each cover type, with

the formula:

D = n / k(r* u,2 -p)

Where, D = density of individuals/ha
n = number of individuals detected
k = number of samples
w = radius of point transect (truncation distance)
p = probability of observing an object in defined area

Comparison of Bird Species Densities among Cover Types

Density estimates for each transect in each year, mean relative abundance, and

species richness were compared among cover types. Density estimates among cover

types were made only for consistently observed species (those observed on >_6 visits on

?2 transects). In addition, consistently observed species were grouped into nesting guilds

and the total density of birds in each nesting guild was compared among cover types.

Birds were assigned to nesting guilds based on the most common substrate used for
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nesting as indicated in the literature (Bent 1968, Ehrlich et al. 1988, DeGraaf and

Rappole 1995, Kaufman 1996). Six broad nesting guilds were defined: ground nesters,

shrub nesters, tree foliage nesters, cavity nesters, variable substrate nesters, and brood

parasites. Empidonax spp. flycatchers encountered in this study (specifically dusky

flycatchers and gray flycatchers commonly nested in both trees and shrubs; therefore

equal halves of their density values were assigned to both the shrub and foliage nesting

guilds.

Two-way analysis of variance (ANOVA) was used to compare individual species

densities, total relative abundance, and species richness among cover types and between

both years of survey data. Cover types were used as treatments and year was used in the

treatment-by-year interaction. I used SAS General Linear Models procedure (SAS

Institute Inc. 1988) for two-way ANOVA. When response variables indicated non-

normality and/or unequal variance, the square root, loge, and loge(Y+0.01) (for variables

with zero values) were used to meet ANOVA assumptions; I report untransformed means

and standard errors. When all observations within a cover type were zero, I excluded that

cover type from the analysis. I used Tukey's Studentized Range Test as the multiple

comparison procedure to test all pairwise comparisons among cover types, and the

overall familywise confidence level was set at 95% (Ramsey and Schafer 1997:153).

MULTIVARIATE ANALYSES

The statistical package PC-ORD version 4.06 (McCune and Mefford 1997) was

used for all multivariate analyses. Thirty-two habitat attributes measured or derived from

the microsite habitat data (Table 3) were compiled in a separate matrix. The habitat
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matrix consisted of 32-habitat attributes by 128-sample units/VCP points. Individual

habitat attributes (columns) within the habitat matrix were divided by column maximum

values in order to relativize habitat attributes measured on different scales. Density

estimates of selected species at each VCP point were compiled into a matrix of species by

sample units. Species occurring within 5% of sample units were retained for analysis.

The final species matrix consisted of 22-species by 128-sample units/VCP points.

Grouping Analysis

Multi-response permutation procedure (MRPP) (Mielke 1984) was used to test if

bird communities differed (occupied different regions of species space) when grouped by

cover type (32 VCP per cover type). MRPP is a non-parametric procedure that requires

no assumptions of data normality and homogeneity of variances. This procedure tests

whether there is a significant difference between two or more a priori groups through the

comparison of the average within-group difference to the averages obtained from

randomized groupings of the same data points (Mielke 1984). Euclidian distance

measure was used in this procedure.

Indicator Species Analysis

The Indicator Value Method of Dufrene and Legendre (1997) was used to further

explore the bird community data. This analysis produces an indicator value for each

species by combining indexes of relative abundance and relative frequency of each

species within each group. Again, bird communities were grouped by cover type. The

resulting indicator values ranged from zero percent (no indication) to 100 percent (perfect
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indication). Random assignments of sample units to groups (Monte Carlo trials),

repeated 1000 times, were compared to values from the actual data set to test for

statistical significance of indicator values for each species.

Gradient Analysis using Non-metric Multidimensional Scaling (NMS)

Ordination of the habitat attribute matrix using NMS (Mather 1976, Kruskal

1964) was conducted in order to describe the dominant habitat gradients at each of the

bird survey points. Overlays of bird species onto the habitat gradients were performed in

order to explore the strongest associations between bird species densities and vegetative

structure.

Non-metric multidimensional scaling is an iterative technique that ordinates based

on ranked distances between sample units. NMS was used because it avoids assumptions

of data normality and, unlike some other ordination techniques, is not sensitive to typical

zero-rich data sets, such as that used in this study, and of community data in general. The

"autopilot" mode in PC-ORD was used which allows the user to set analysis parameters

to one of three pre-set defaults. The thoroughness setting "medium" was used for all

analyses. This setting sets the maximum number of iterations at 150, the instability

criterion to 0.0005, the starting number of axes to 4, the number of runs with real data to

10, and the number runs with randomized data to 30. Sorenson's distance measure was

used in all runs.
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RESULTS

BIRD COMMUNITY PATTERNS

Relative Abundance, Richness, Diversity, and Evenness

In 1998 and 1999, a total of 14,633 birds of 62 species was detected on 12 visits

to 16 transects (Appendix 1). Mean relative abundance of all birds (total birds

detected/transect/year) was similar among the 4 cover types (Table 4). Yearly mean

relative abundance of all birds was greater in 1999 than 1998 (P=0.04). There were no

significant year or year-by-treatment (P>0.05) interaction effects.

Bird species richness was greatest in the old-growth and mid-successional juniper

types (P<0.05), with means of 22.9 (SE=2.5) and 23.6 species/transect (SE=2.8),

respectively (Table 4). Bird species diversity (H') was similar between the old-growth

(H'=2.499) and mid-successional (H'=2.416) cover types, as was evenness (J'), J' 1.851

and 1.763, respectively. Mean species richness was lower in the grassland cover type

(17.6 species/transect) and lowest in the shrub-steppe cover type (11.5 species/transect).

Bird species diversity was similar in grassland and shrub-steppe, H'=1.820 and

H'=1.644, as was evenness, J'=1.657 and J'=1.471, respectively.

The presence of juniper cover in more than trace amounts in the mid-successional

and old-growth cover types increased PCD values to nearly double those of the grassland

and shrub-steppe cover types (Figure 8). Greater equitability of coverage among the

physiognomic categories resulted in PCD being slightly higher in mid-successional than

in old-growth juniper. Bird species diversity was positively correlated with increased

PCD (r2=0.535; P=0.0013) (Figure 9) on the 16 study sites.



Table 4. Comparison of bird community measures for all detections among four vegetative cover types in central Oregon, 1998 and

1999.

Post-bum
Grassland Shrub-steppe

Mid Successional

Juniper
Old Growth

Juniper Test Statistics`

Community Measure means SE mean SE mean SE mean SE Effectb df F P Tukey's HSDd

Total Rel. Abund. 74.6 4.4 73.2 2.8 81.1 5.0 76.0 4.0 Y 1 4.73 0.0397

(birds/txt/year) T 3 0.76 0.5255
Y*T 3 0.61 0.6125

Species Richness 17.6 1.3 11.5 2.2 23.6 1.4 22.9 1.5 Y 1 0.22 0.6463

(species/txt) T 3 10.31 0.0002 (ab)abb
Y*T 3 0.20 0.8960

Species Diversity (H') 1.820 0.089 1.644 0.069 2.416 0.101 2.499 0.055 Y 1 2.81 0.1069
T 3 27.41 <0.0001 aabb

Y*T 3 0.19 0.9050

Species Evenness (J') 1.471 0.051 1.657 0.064 1.763 0.051 1.851 0.034 Y 1 1.64 0.2121
T 3 10.50 0.0001 a(ab)bb

Y*T 3 1.04 0.3917

a mean (six visits/transect/two years; four transects/cover type)

b Y=year effect; T=treatment effect; Y*T=year-by-treatment interaction

two-way ANOVA with year-by-treatment interaction

d Tukey's HSD test for differences among treatments. Letters signify treatments, while different letters within rows represent significantly different
treatment means (P<0.05).
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Bird Densities among Cover Types

Densities were estimated in at least one cover type for 23 bird species (Table 5).

Excluded from analysis were common ravens (Corvus corax) and red-tailed hawks

(Buteojamaicensis) because point counts may not be an appropriate means of surveying

these species. Each are wide-ranging species, were predominantly detected in flight, and

were difficult to associate with any particular cover type.

Differences in total bird abundance among types were found after variation in

detectability among types and species were accounted for by transforming relative

abundance values into density estimates. Total bird density was significantly greater in

1999 than in 1998 (P<_0.05). Total bird density was greatest in old-growth juniper (6.551

birds/ha, SE=0.566) and lowest in post-burn grasslands (3.569 birds/ha, SE=0.337).

Total bird density was similar in shrub-steppe and mid-successional juniper (5.968,

SE=0.252 and 5.542 birds/ha, SE=0.317, respectively).

Sixteen bird species had significantly different densities (P<_0.05) among the four

cover types (Table 5). There were no significant year or year-by-treatment (P>0.05)

interaction effects on density estimates for any species. Empidonax spp. flycatchers,

brown-headed cowbirds (Molothrus ater), and northern flickers (Colaptes auratus) were

detected consistently in all four cover types. House finches (Carpodacus mexicanus),

red-breasted nuthatches (Sitta canadensis), and American kestrels (Falco sparverius)

were detected consistently within old-growth juniper exclusively. No species were

consistently detected within shrub-steppe or mid-successional juniper exclusively.

Species consistently detected in mid-successional and old-growth juniper included

chipping sparrows (Spizella passerina), mountain chickadees (Parus gambeli), Cassin's



Table 5. Comparison of mean densities (birds/ha/year) for bird species detected on at least 6 visits and on at least 2 bird survey
transects, and total bird density among four vegetative cover types in central Oregon, 1998 and 1999.

Post-bum
Grassland Shrub-steppe

Mid
Successional

Old Growth
Juniper Test Statisticsd

Speciesa mean SE mean SE mean SE mean SE Effect° df F P Tukey's HSD°

Sage sparrow 0.089 0.065 2.603 0.251 0.749 0.123 + Y 1 2.60 0.1243

T 2 72.92 <0.0001 abcx S

Y*T 2 0.35 0.7088

Brewer's sparrow 0.409 0.088 1.640 0.090 1.293 0.106 + Y 1 0.03 0.8685

T 2 47.99 <0.0001 abbxs

Y*T 2 1.46 0.2595

Empidonax spp. flycatcher 0.029 0.015 0.002 0.001 1.339 0.192 1.414 0.145 Y 1 0.00 0.9918

T 3 272.67 <0.0001 abcc°

Y*T 3 2.46 0.0869

Vesper sparrow 1.801 0.161 0.380 0.163 0.037 0.014 + Y 1 0.04 0.8487

T 2 20.11 <0.0001 abbx'

Y*T 2 0.23 0.7943

Homed lark 0.711 0.279 1.174 0.277 + 0 Y 1 0.06 0.8170
T 1 1.20 0.2946

Y*T 1 0.09 0.7755

Brown-headed cowbird 0.007 0.003 0.013 0.007 0.483 0.117 1.075 0.231 Y 1 0.37 0.5468

T 3 62.14 <0.0001 aabb'

Y*T 3 0.23 0.8735

Chipping sparrow 0.487 0.123 1.068 0.038 Y 1 0.02 0.8902

T 1 18.08 0.0011 xxab

Y*T 1 0.42 0.5280



Table 5. Continued

Post-bum Mid Old Growth
Grassland Shrub-steppe Successional Juniper Test Statisticsd

Speciesa mean SE mean SE mean SE mean SE Effect° df F P Tukey's HSDe
Mountain bluebird 0.021 0.009 + 0.446 0.062 0.887 0.280 Y 1 1.08 0.3128

T 2 29.43 <0.0001 axbb'
Y*T 2 0.63 0.5443

Mountain chickadee + 0 0.096 0.033 0.900 0.085 Y 1 2.64 0.1301
T 1 94.68 <0.0001 xxab

Y*T 1 2.33 0.1531
Cassin's finch 0 + 0.151 0.047 0.417 0.122 Y 1 1.17 0.3016

T 1 5.21 0.0415 xxab'
Y*T 1 0.01 0.9193

American robin 0.201 0.054 + 0.121 0.026 0.130 0.035 Y 1 0.52 0.4806
T 2 0.97 0.3977

Y*T 2 0.27 0.7627
Northern flicker 0.016 0.005 0.009 0.006 0.108 0.010 0.139 0.024 Y 1 0.30 0.5877

T 3 30.08 <0.0001 aabb s

Y*T 3 0.46 0.7122
Ash-throated flycatcher + + 0.125 0.064 0.109 0.025 Y 1 0.21 0.6534

T 1 0.64 0.4404
Y*T 1 0.08 0.7866

Western meadowlark 0.134 0.025 0.036 0.021 0.036 0.012 + Y 1 0.31 0.5843

T 2 6.83 0.0062 abbx s

Y*T 2 0.12 0.8854
Dark-eyed junco 0 0 0.019 0.011 0.152 0.033 Y 1 0.05 0.8299

T 1 15.07 0.0022 xxab
Y*T 1 0.68 0.4265



Table 5. Continued

Post-bum Mid Old Growth
Grassland Shrub-steppe Successional Juniper Test Statisticsd

Speciesa bmean SE mean SE mean SE mean SE Effect' df F P Tukey's HSDe
Green-tailed towhee 0.111 0.036 0.014 0.007 + + Y 1 0.01 0.9146

T 1 13.29 0.0034 abxx'
Y*T 1 0.02 0.8943

Sage thrasher 0.010 0.003 0.098 0.005 0.011 0.003 0 Y 1 0.59 0.4527
T 2 164.34 <0.0001 abax

Y*T 2 0.00 0.9990
Pinyon jay 0.006 0.002 + 0.010 0.003 0.083 0.042 Y 1 0.03 0.8644

T 2 4.03 0.0359 ax(ab)b'
Y*T 2 0.28 0.7560

Rock wren 0.017 0.004 + 0.028 0.012 0.020 0.013 Y 1 0.02 0.8898

T 2 0.15 0.8644
Y*T 2 0.19 0.8284

Mourning dove 0.008 0.002 + 0.004 0.000 0.054 0.010 Y 1 0.22 0.6443

T 2 31.66 <0.0001 axab'
Y*T 2 0.13 0.8785

House finch 0 + 0 0.054 0.034 Y

Red-breasted nuthatch 0 0 + 0.047 0.031

T
Y*T

Y

American kestrel + + + 0.004 0.002

T
Y*T

Y
T

T*Y



Table 5. Continued

Post-bum Mid Old Growth
Grassland Shrub-steppe Successional Juniper Test Statisticsd

mean SE mean SE mean SE mean SE Effect° df F P Tuke 'sy HSDe

Total Density 3.569 0.337 5.968 0.252 5.542 0.317 6.551 0.566 Y 1 7.18 0.0131
T 3 12.60 <0.0001 abbb

T*Y 3 0.12 0.9483

a see Appendix I for scientific names

b mean density (individuals/ha) of birds detected during six visits/transect/two years; four transects/cover type.
° Y=year effect; T--treatment effect; Y*T=year-by-treatment interaction

d two-way ANOVA with interaction. Test statistics in bold-italicized type are based on transformed response variable.

e Tukey's HSD test for differences among treatments. Letters signify treatments, while different letters within rows represent significantly different treatment means

x=treatment excluded from model

square root transformation

loge, or loge(Y+0.01) transformation

0 = species absent from cover type

+ = species present within cover type, but observed infrequently (<6 visits) and/or on only one transect
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finches (Carpodacus cassinii), ash-throated flycatchers (Myiarchus cinerascens), dark-

eyed juncos (Junco hyemalis), house finches, red-breasted nuthatches, and American

kestrels. Of these eight species, all but ash-throated flycatchers had significantly higher

densities in the old-growth juniper cover type. Horned larks (Eremophila alpestris) and

green-tailed towhees (Pipilo chlorurus) were detected only in the grassland and shrub-

steppe types.

The grassland cover type had 15 species for which densities were estimated.

Three species had maximum densities (P<0.05 among cover types) in post-burn

grasslands, including vesper sparrows (Poecetesgramineus) (1.801 birds/ha, 5E=0.161),

western meadowlarks (Sturnella neglecta) (0.134 birds/ha, SE=0.025), and green-tailed

towhees (0.111 birds/ha, SE=0.036). The collective densities of vesper sparrows, horned

larks, and Brewer's sparrows (Spizella breweri) comprised approximately 82% of total

bird density in grasslands (Appendix 2).

The shrub-steppe cover type had 10 species for which densities were estimated.

Three species had maximum densities (P<0.05 among cover types) in shrub-steppe,

including sage sparrows (Amphispiza belli) (2.603 birds/ha, 5E=0.251), Brewer's

sparrows (1.640 birds/ha, 5E=0.090), and sage thrashers (Oreoscoptes montanus) (0.098

birds/ha, SE=.005). The collective density of sage sparrows, Brewer's sparrows, and

horned larks comprised approximately 91% of total bird density in shrub-steppe.

The mid-successional juniper cover type had 18 species for which densities were

estimated. No species had a maximum density (P>0.05 within cover types) in mid-

successional juniper. The collective density ofEmpidonax spp. flycatchers, Brewer's
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sparrows, and sage sparrows comprised approximately 61% of total species density in

mid-successional juniper.

The old-growth juniper had 17 species for which densities were estimated.

Thirteen species had maximum densities (P<0.05 among cover types) in old-growth

juniper, including Empidonax spp. flycatchers (1.414 birds/ha, 5E=0.145), brown-headed

cowbirds (1.075 birds/ha, 5E=0.231), chipping sparrows (1.068 birds/ha, SE=0.038),

mountain bluebirds (Sialia currucoides) (0.887 birds/ha, 0.280), mountain chickadees

(0.900 birds/ha, SE=0.085), Cassin's finches (0.417 birds/ha, 5E=0.122), northern

flickers (0.139 birds/ha, SE=0.024), dark-eyed juncos (0.152 birds/ha, SE=0.033), pinyon

jays (Gymnorhinus cyanocephalus) (0.083 birds/ha, SE=0.042), mourning doves

(Zenaida macroura) (0.054 birds/ha, SE=0.010), house finches (0.054 birds/ha,

SE=0.034), red-breasted nuthatches (0.047 birds/ha, 5E=0.031), and American kestrels

(0.004 birds/ha, SE=0.002). The collective density ofEmpidonax spp. flycatchers,

brown-headed cowbirds, chipping sparrows, mountain chickadees, and mountain

bluebirds comprised approximately 82% of total species density in old-growth juniper.

Comparison among Nesting Guilds

Old-growth juniper had the highest total densities of both tree and cavity nesters,

with 2.328 and 2.084 birds/ha, respectively (Table 6). Together, both tree and cavity

nesters accounted for 67% of the total bird density and 66% of the species composition in

the old-growth juniper type. Total density of ground nesting birds was greatest in the

grassland type (2.663 birds/ha), where ground nesters accounted for nearly 75% of the

total bird density and over 30% of the species composition. Variable substrate nesters



Table 6. Characteristics of bird species nesting guilds among four vegetative cover types in central Oregon, 1998 and 1999.
Total density values represent sum of mean densities (bird/ha/year) of species observed within each cover type and respective
nesting guild. Number of species represents count of most common species (bird species detected on at least 6 visits and on
at least 2 transects). Numbers in parentheses represent the percentage of the total value for each nesting guild ineach cover
type.

Post-burn Grassland Shrub-steppe Mid Successional Juniper Old Growth Juniper
Number of Number of Number of Number of
consistently consistently consistently consistently

detected detected detected detected
Nesting Guilds Total density" species Total density" species Total density" species Total density" species

Ground 2.663 (74.6) 5 (33.3) 1.590 (26.6) 3 (30.0) 0.121 (2.2) 4 (22.2) 0.172 (2.6) 2 (12.5)
Shrub 0.633 (17.7) 4.5* (30) 4.355 (73.0) 4.5* (45.0) 2.722 (49.1) 3.5* (19.4) 0.707 (10.8) 0.5* (3.1)
Tree 0.020 (0.5) 1,5* (10) 0.001 (0.02) 0.5* (5.0) 1.317 (23.8) 3.5* (19.4) 2.328 (35.5) 4.5* (28.8)
Cavity 0.036 (1.0) 2 (13.3) 0.009 (0.2) 1 (10.0) 0.775 (14.0) 4 (22.2) 2.084 (31.8) 6 (37.5)
Variable 0.210 (5.8) 2 (13.3) 0.000 (0.0) 0 (0.0) 0.125 (2.3) 2 (11.1) 0.184 (2.8) 2 (12.5)
Brood parasite 0.007 (0.1) 1 (6.6) 0.013 (0.2) 1 (10.0) 0.483 (8.7) 1 (5.6) 1.075 (16.4) 1 (6.3)

Cover Type Total 3.569 15 5.968 101 5.542 18 6.551 16

a Nesting Guilds:
Ground Nesters: Vesper sparrow, Horned lark, Western meadowlark, Dark-eyed junco, Rock wren
Shrub nesters: Sage sparrow, Brewer's sparrow, Sage thrasher, Green-tailed towhee, Empidonax spp. flycatcher*
Tree nesters: Chipping sparrow, Cassin's finch, Pinyon jay, House finch, Empidonax spp. flycatcher*
Cavity Nesters: Northern flicker, Mountain chickadee, Mountain bluebird, Ash-throated flycatcher, Red-breasted nuthatch, American kestrel
Variable Substrate Nesters: American robin, Mourning dove
Brood parasite: Brown-headed cowbird

b
mean density (individuals/ha) of all birds detected during six visits/transect/two years; four transects/cover type.

* Empidonax spp. flycatchers encountered in this study (Dusky and Gray flycatchers) commonly nest in both trees and shrubs, therefore, their
density value and count were halved and assigned to both the tree and shrub nesting guilds.
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had highest densities in the grassland type (0.210 birds/ha); however, only 6% of the total

bird density and 13% of the species composition were composed of this nesting guild.

Total density of shrub nesting species was highest in the shrub-steppe type (4.355

birds/ha). Shrub nesters accounted for 73% of the total bird density and 45% of the

species composition within shrub-steppe. The only obligate brood parasite encountered

in this study was the brown-headed cowbird whose density was greatest in the old-growth

juniper type (1.075 birds/ha).

MULTIVARIATE COMPARISON OF BIRD COMMUNITIES AND SPECIES
AMONG COVER TYPES

Cover types differed in bird species composition in the unreduced species space

(MRPP, p<0.0001). Within cover type bird species heterogeneity was quite low

compared to random expectation, as indicated by the chance-corrected within-group

agreement statistic, A = 0.4539.

Indicator species analysis revealed a number of bird species characteristic of each

cover type (Table 7). Vesper sparrows, western meadowlarks, green-tailed towhees, and

homed larks had relatively high indicator values (>_25%) (Dufrene and Legendre 1997)

within the grassland cover type. Sage thrashers, sage sparrows, homed larks, and

Brewer's sparrows had high indicator values within the shrub-steppe cover type.

Empidonax spp. flycatchers, mountain bluebirds, sage sparrows, chipping sparrows,

northern flickers Brewer's sparrows, and American robins had relatively high indicator

values in the mid-successional cover type. A number of bird species had high indicator

values within the old-growth cover type, including mountain chickadees, Cassin's

finches, chipping sparrows, dark-eyed juncos, house finches, mourning doves, brown-



Table 7. Within cover type indicator species values for all bird species included in multivariate analysis of bird communities in central

Oregon, 1998 and 1999.

Indicator Value (%)

Nesting Guild Species

Post-burn

Grassland Shrub-steppe

Mid Successional
Juniper

Old Growth
Juniper MAX AVG p*

Ground Nesters: Vesper sparrow 61 17 3 0 61 20 0.0010

Dark-eyed junco 0 0 10 51 51 15 0.0010

Western meadowlark 49 4 10 0 49 16 0.0010

Horned lark 25 43 0 0 43 17 0.0010

Rock wren 9 0 9 7 9 6 0.5880

Shrub Nesters: Sage thrasher 2 70 2 0 70 19 0.0010

Sage sparrow 2 51 38 1 51 23 0.0010

Green-tailed towhee 48 4 0 1 48 13 0.0010

Brewer's sparrow 24 38 35 0 38 24 0.0010

Tree Nesters: Cassin's finch 0 0 23 62 62 21 0.0010

Chipping sparrow 1 0 36 55 55 23 0.0010

House finch 0 0 0 51 51 13 0.0010

Empidonax spp. flycatcher 2 0 46 47 47 24 0.0010

Pinyon jay 0 0 1 40 40 10 0.0010

Cavity Nesters: Mountain chickadee 0 0 16 73 73 22 0.0010

Ash-throated flycatcher 0 0 22 47 47 17 0.0010

Mountain bluebird 2 0 46 37 46 21 0.0010

Northern flicker 2 1 36 42 42 20 0.0010

Red-breasted nuthatch 0 0 1 39 39 10 0.0010

Variable Substrate

Nesters: Mourning dove 4 0 0 50 50 14 0.0010

American robin 23 0 29 25 29 19 0.0070

Brood Parasite: Brown-headed cowbird 0 1 38 48 48 22 0.0010

Average: 12 10 18 31 48 18

* proportion of randomized trials with indicator values equal to or exceeding the observed indicator value; p = (1 + number of runs >= observed) / (I + number of

randomized runs); number of randomized runs = 1000



47

headed cowbirds, ash-throated flycatchers, pinyon jays, and red-breasted nuthatches.

Chipping sparrows, Empidonax spp. flycatchers, mountain bluebirds, northern flickers,

and American robins (Turdus migratorius) had relatively high indicator values in both the

mid-successional and old-growth juniper cover types.

Arrangement of Cover Types on Ordination Axes

A two-dimensional solution (cumulative r2 = 91.6%), describing two dominant

gradients in the habitat data, was selected from a direct ordination of habitat attributes

using NMS. Higher dimensions improved the model very little. The first dimension

(Axis 1) contained 37.8% of the information in the original matrix of habitat

measurements. The second, and dominant dimension (Axis 2), contained 53.7% of the

information in the original matrix of habitat measurements. Axis numbers are assigned

arbitrarily in NMS and do not reflect order of importance.

Sample units within cover types occupied fairly distinct regions of habitat

attribute space (Figure 10); however, sample units in the mid-successional and old-

growth juniper cover types intermingled somewhat on one axis. The distance between

points in the ordination are approximately proportional to the dissimilarity in the habitat

attributes of the points. Non-metric multidimensional scaling ordination Axis 2

corresponded to a gradient of cover types ranging from shrub-steppe on the lower end, to

old-growth juniper on the upper end (Figure 10). The mid-successional juniper cover

type occupied an intermediate position between the shrub-steppe and old-growth juniper

cover types on Axis 2. The location of the grassland cover type on the upper end of
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ordination Axis 1 distinguished it from all other cover types which were located on the

lower end of Axis 1.

Description of Ordination Axes

Non-metric multidimensional scaling Axis 1 essentially describes a habitat

gradient ranging from a mixture of juniper and shrub vegetation on the lower end of the

gradient to the prevalence of herbaceous vegetation parameters on the upper end of the

gradient (Figure 11). Specific habitat attributes with the largest negative correlations

with Axis 1 include average tree height (AVGTRHT, r=-0.639), litter cover (LITR%, x-=

0.622), juniper canopy cover (CANCVM, r=-.550), microbiotic crust cover (NUCRO%,

r=-0.519), and total tree density (TOTDENS, r=-0.515) (Table 8). Specific habitat

attributes with the largest positive correlations with Axis 1 include, vertical density of

herbaceous vegetation both below 10cm and above 10cm (HCHIT<10, r=0.841 and

HCHIT> 10, r=0.776, respectively), total vertical density of all vegetative functional

groups (ALLHITS, r=0.789), and perennial grass cover (PGRAS%, r=0.748) (Table 8).

Non-metric multidimensional scaling Axis 2 essentially describes a habitat

gradient ranging from the predominance of juniper vegetation on the lower end of the

gradient, to the dominance of shrub vegetation on the upper end of the gradient (Figure

11). Specific habitat attributes with the largest positive correlations with Axis 2 include

total cover of all shrub species (ALLSHRB%, r=0.788), cover ofgreen rabbitbrush and

sagebrush (CHVI%, r=0.0.664, and ARTR%, r=0.613, respectively), vertical density of

shrubs within 60cm of the ground (SHRBHITI, r=0.726), and bare ground (BGRND%,

r=0.579) (Table 9). Specific habitat attributes with the largest negative correlation with
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Table 8. Bird species and habitat variable correlation (>[0.30]) with non-metric multidimensional scaling ordination Axis 1.

Negative Positive
Bird Species r Habitat Variable r Bird Species r Habitat Variable r
Chipping sparrow -0.660 AVGTRHT -0.639 Vesper sparrow 0.771 HCHIT>10 0.841
Empidonax flycatcher -0.652 LITR% -0.622 Western meadowlark 0.638 ALLHITS 0.789
Mountain chickadee -0.637 CANCVM -0.550 Green-tailed towhee 0.537 HCHIT<10 0.776
Brown-headed cowbird -0.623 MICR% -0.519 Horned lark 0.381 PGRS% 0.748
Cassin's finch -0.580 TOTDENS -0.515 BGND% 0.654
Ash-throated flycatcher -0.544 DENS3 -0.500 SLOPE 0.634
Northern flicker -0.526 ARTR% -0.495 AFRB% 0.465
Mountain bluebird -0.468 CANVOL -0.485 PFRB% 0.402
Dark-eyed junco -0.432 DEADS% -0.451 AGRS% 0.354
Pinyon jay -0.422 DENS 1 &2 -0.419 DENS? 0.319
House finch -0.369 DENS4 -0.401

ALLSHRB% -0.334
CAVS -0.303



Table 9. Bird species and habitat variable correlation (>[0.30]) with non-metric multidimensional scaling ordination Axis 2,

Negative Positive
Bird Species r Habitat Variable r Bird Species r Habitat Variable r
Mountain chickadee -0.719 CANCVM -0.833 Brewer's sparrow 0.769 ALLSHRB% 0.788
Cassin's finch -0.711 CANVOL -0.805 Sage sparrow 0.735 SHBHITI 0.726
Chipping sparrow -0.667 TOTDENS -0.730 Sage thrasher 0.614 CHVI% 0.664
Brown-headed cowbird -0.647 AVGTRHT -0.726 Horned lark 0.517 ARTR% 0.613
Mountain bluebird -0.643 DENS4 -0.723 BGND% 0.579
Dark-eyed junco -0.606 DENS5&6 -0.636 SHBHIT2 0.464
Empidonax flycatcher -0.585 CAVS -0.600 DEADS% 0.367
Red-breasted nuthatch -0.558 RCK% -0.543
American robin -0.515 DENS3 -0.536
Mourning dove -0.436 DENS 1&2 -0.449
Ash-throated flycatcher -0.429 LITR% -0.445
Northern flicker -0.417 MICR% -0.393
House finch -0.415
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Axis 2 include juniper canopy cover (CANCVM, r=-0.833), canopy volume (CANVOL,

r=-0.805), total tree density (TOTDENS, r=-0.730), and average tree height (AVGTRHT,

r=-0.726) (Table 9).

Relationship of Bird Species with Ordination Axes

Bird species with the largest negative correlations with Axis 1 include chipping

sparrows (r=-0.660), Empidonax spp. flycatchers (r=-0.652), mountain chickadees (r=-

0.637), brown-headed cowbirds (r=-0.623), Cassin's finches (r=-0.580), ash-throated

flycatchers (r=-0.544), and northern flickers (r=-0.526) (Table 8, Figure 12). Vesper

sparrows (r=0.771), western meadowlarks (0.638), green-tailed towhees (r=0.537), and

homed larks (r=0.381) all had positive correlations with Axis 1. Bird species with the

largest negative correlations with Axis 2 included mountain chickadees (r=-0.7.19),

Cassin's finches (r=-0.711), chipping sparrows (r=-0.667), brown-headed cowbirds (r=-

0.647), mountain bluebirds (r=-0.643, and dark-eyed juncos (r=-0.606). Brewer's

sparrows (r=0.769), sage sparrows (r=0.735), sage thrashers (r=0.614), and homed larks

(r=0.517) all had positive correlations with Axis 2 (Table 8, Figure 12).
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Figure 12. Ordination of sample units (VCP survey points) in habitat attribute space with
overlay of bird species (Note: Axis 2 is reflected vertically in relation to previous two
figures). See Appendix 1 for descriptions of bird species acronyms. Radiating vectors
represent species (r >_ 10.301) originating from the centroid of points. Length of vector is
proportional to the r2 of the species; the direction of the line corresponds to increasing
values of species density on the graph.
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DISCUSSION

HABITAT COMPLEXITY AND BIRD SPECIES DIVERSITY

The summed vegetation cover values of all functional groups differed little among

cover types. However, structural differences among cover types were clarified when

vegetation was grouped into three life forms: herbaceous, shrub, and tree. These

categories represented broad but distinct vegetative growth forms encountered on the

study sites and indirectly reflected the principal height strata of the vegetation. This

abstraction of the relative proportion of life forms in terms of physiognomic cover

diversity (PCD) within cover types provided a useful summary of habitat complexity.

The majority of plant cover was composed of shrubs or herbaceous vegetation and

juniper cover was nearly absent in the shrub-steppe and grassland cover types. This was

reflected in the low PCD values for theses two cover types. The shrub-steppe cover type

had a higher PCD value than grasslands because of greater equitability between shrub

and herbaceous cover in shrub-steppe. Increased PCD in the mid-successional and old-

growth juniper types resulted largely from the presence of juniper cover in addition to

moderate coverage of shrubs and herbaceous plants. Higher PCD in the mid-successional

juniper versus old-growth juniper was due to the greater equitability among coverage of

the three life forms in mid-successional juniper.

Bird species diversity (H') was positively correlated with PCD. The dramatic

increase in bird species diversity in mid-successional juniper in contrast to the grassland

and shrub-steppe types was associated with the additional vegetation layer provided by

juniper trees. The presence or increased abundance of a number of bird species that use

tree foliage for nesting and/or foraging resulted in the increase of species diversity within
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mid-successional juniper woodlands. Bird species detected in juniper stands but not

other types included chipping sparrows, mountain bluebirds, mountain chickadees,

Cassin's finches, American robins, ash-throated flycatchers, and dark-eyed juncos.

However, the difference between avian communities in shrub-steppe and mid-

successional juniper woodland was not distinct. The most common bird species found

within the shrub-steppe cover type were also present in mid-successional juniper

woodland, but at lower densities. The resulting species composition in mid-successional

juniper was a mixture of shrub-associated and tree-associated bird species.

Many bird species that regularly occurred in old-growth juniper also occurred in

mid-successional juniper. However, density and richness of shrub nesting species was

lower in old-growth juniper. The only shrub nesting species present in old-growth

juniper was the Empidonax spp. flycatcher, which also commonly nests in tree foliage.

In spite of the lack of shrub nesters, species richness and diversity in old-growth juniper

was comparable to that of mid-successional juniper because of the presence of more

cavity nesting species in old-growth.

The positive correlation of bird species diversity to PCD was associated with the

presence of juniper at the sites and high equitability among coverage of the life forms.

Whereas the characterization of habitat complexity with PCD was useful in

distinguishing among a broad range of cover types, it may not have adequately reflected

increased structural complexity related to tree decadence, dead wood, and naturally

occurring cavities. Maser and Gashwiler (1978) listed 56 bird species that may use old

and decadent juniper trees for nesting and/or foraging. Maser et al. (1984) indicated that

two of the additional four "Life Forms" supported by the presence of western juniper in
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sagebrush communities included primary and secondary cavity nesting birds. Maximum

densities of seven tree nesting species in this study were in old-growth juniper stands, and

four of five cavity nesting species had higher densities in old-growth juniper than in mid-

successional juniper stands. Clearly, tree decadence and associated cavities were

important structural components of old-growth juniper woodlands that were not as

prevalent in mid-successional juniper woodlands, and absent from other cover types.

SPECIES ASSOCIATIONS WITH COVER TYPES

Ground Nesting Species

Primary ground nesting species encountered in this study included vesper

sparrows, homed larks, western meadowlarks, dark-eyed juncos, and rock wrens

(Salpinctes obsoletus). Vesper sparrows had the highest density of all species occurring

in grasslands and accounted for over 50% of the total bird density within this cover type.

Vesper sparrows also were present in shrub-steppe and mid-successional juniper, but at

only about 20% and 2% of their density in grasslands, respectively. Wiens and

Rotenberry (1981) initially classified vesper sparrows as a grassland species, but later

questioned this initial classification after finding vesper sparrows to be positively

correlated with coverage of green rabbitbrush and bitterbrush. Rotenberry and Wiens

(1985) reported that vesper sparrows first appeared on a former sagebrush site after it was

effectively changed to a grassland following herbicidal treatment. McAdoo et al. (1989)

found vesper sparrows were most abundant on an area with an equal herbaceous to shrub

cover ratio. Elevated song perches may be a requisite feature in vesper sparrow

territories, and Best and Rodenhouse (1984) report that elevated perches enhanced
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territory preference of vesper sparrows. Vesper sparrows were commonly observed

singing from unburned juniper skeletons within the grasslands surveyed in this study.

The density of horned larks was greater in shrub-steppe than in grasslands.

During both years of surveys, horned larks were completely or nearly absent on two of

the four grassland sites in this study. Horned larks were inconsistently observed in mid-

successional juniper and were completely absent from old-growth juniper woodland.

Horned larks are considered a grassland species, often associated with disturbed areas,

but are also regarded one of the dominant breeding species in Northwest shrub-steppe

habitats (Rotenberry and Wiens 1978, Castrale, 1982). McAdoo et al. (1989) found

homed larks breeding in Nevada to be negatively associated with shrub cover, shrub

height, and perennial grass frequency. Rotenberry and Wiens (1978) reported that horned

larks increased in abundance in the year following a wildfire in southeast Washington

shrub-steppe. Similarly, horned larks increased in abundance when grass cover increased

and shrub cover decreased following herbicidal treatment of a shrub-steppe site in

southern Oregon (Rotenberry and Wiens 1985).

The density of western meadowlarks was highest in grasslands but they only

accounted for about 4% of total bird abundance in this cover type. Western meadowlarks

were also encountered consistently in the shrub-steppe and mid-successional juniper

cover types but at lower densities than in grasslands. Rotenberry and Wiens (1978)

reported that western meadowlarks increased in abundance two years after a wildfire

removed nearly all shrub cover from a shrub-steppe site in southeast Washington.

McAdoo et al. (1989) found that western meadowlark abundance was negatively

correlated with shrub cover and positively correlated with herbaceous cover. Wiens and
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Rotenberry (1981) found western meadowlarks to be most strongly correlated with grass

cover and total vegetative cover. Western meadowlarks also are reported to prefer areas

with elevated perch sites such as dead trees (DeGraaf and Rappole 1995). Western

meadowlarks were frequently observed singing from unburned juniper skeletons within

the grasslands in this study.

Two other ground nesters, dark-eyed juncos and rock wrens, were encountered at

relatively low densities in this study. Dark-eyed junco density was greater in old-growth

juniper than in mid-successional juniper. Dark-eyed juncos were found exclusively

within old-growth and mid-successional juniper, but accounted for only about 2% and

0.3% oftotal species density in these cover types, respectively. Similarly, Gashwiler

(1977) found dark-eyed juncos constitute only a small percentage of total bird density in

an old-growth juniper stand located in close proximity to some of the sites surveyed in

this study (Table 10).

Rock wrens were consistently detected in all cover types except shrub-steppe.

Rock wrens were not abundant in any cover type and made up only 0.5% or less of total

bird abundance wherever they occurred. Sedgwick (1987) reported rock wrens to be

associated with log cover and density of small trees. O'Meara et al. (1981) and Sedgwick

and Ryder (1986) found rock wrens to be more abundant in chained pinyon-juniper

woodlands than in unchained pinyon-juniper woodland.

Shrub Nesting Species

Sage sparrows, Brewer's sparrows, and sage thrashers had highest densities in the

shrub-steppe type in this study. Gashwiler (1977) observed 27 bird species on a single
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Table 10. Comparison of mean territory density (territories/ha) reported by Gashwiler
(1977) and mean bird density (individuals/ha) from this study, in old growth western
juniper woodlands in central Oregon.

Species

Gashwiler (1977)*

(mean territories ha 1)

This Study

(mean birds ha')

Empidonax spp. flycatcher' 1.177 1.414
Chipping sparrow 0.568 1.068

Mountain bluebird 0.510 0.887
Brown-headed cowbird 0.255 1.075

Mountain chickadee 0.420 0.900

Carpodacus spp. finch2 0.650 0.471

American Robin 0.436 0.130
Northern flicker 0.247 0.139
Dark-eyed junco 0.230 0.152
Mourning dove 0.140 0.054
Ash-throated flycatcher 0.000 0.109
Pinyon jay 0.016 0.083

Common nighthawk 0.049
Red-breasted nuthatch 0.047

Townsend's solitaire 0.041

Black-throated gray warbler 0.033

Green-tailed towhee 0.033

Rock wren 0.000 0.020

Western wood peewee 0.016
Clark's nutcracker 0.016

Brewer's blackbird 0.008
American kestrel 0.004

Total Density 4.848 6.551

1 Dusky flycatcher and Gray flycatcher
2 = Cassin's finch and House finch
+ = species present, but did not meet census requirements
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shrub-steppe site in central Oregon, and Brewer's sparrows, sage sparrows, horned larks,

and sage thrashers comprised the majority of the species encountered. Wiens and

Rotenberry (1980) also reported these species at high densities in shrub-steppe sites

throughout the Northwest, and they were among those listed by Rotenberry and Wiens

(1978) as characteristic of shrub-steppe in general. Each of these species was also

consistently detected in mid-successional juniper stands, albeit at lower densities. None

of these species were consistently detected in old-growth juniper stands. This pattern

indicated increasing juniper cover and/or density will likely effect the abundance of these

common shrub-steppe species negatively. In addition, each of these species was

consistently detected in grasslands. However, density of sage sparrows was 97% lower

in grasslands than in shrub-steppe; Brewer's sparrow density was 75% lower, and sage

thrashers was 90% lower in grasslands. These findings were similar to those of

Rotenberry and Wiens (1978) who reported sage sparrow abundance declined sharply

following a wildfire in southeastern Washington shrub-steppe. In addition, Wiens and

Rotenberry (1985) reported sage sparrow and sage thrasher abundance declined and

Brewer's sparrow abundance was variable in the three years following shrub removal

resulting from herbicide treatment of a shrub-steppe site in southern Oregon.

Green-tailed towhees were detected at higher densities in grasslands than in

shrub-steppe and were encountered most frequently on two of the four grassland sites in

this study. Braun et al. (1976) described green-tailed towhees as sagebrush near-

obligates, but my findings do not agree with their characterization of this species.

Rotenberry and Wiens (1980) reported that green-tailed towhee and vesper sparrow

abundances were positively correlated, and this correlation was attributed to their
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similarities in habitat preferences. O'meara et al. (1981) reported that green-tailed

towhees, along with vesper and Brewer's sparrows, were the most abundant species

breeding in 8 and 15-year old chained areas in pinyon-juniper woodlands.

Tree Foliage Nesting Species

Empidonax spp. flycatchers were the most abundant birds in mid-successional and

old-growth juniper woodlands where they comprised over 20% of the total bird density in

each cover type, but heir densities far lower reduced in grassland and shrub-steppe.

These findings coincide with those of Gashwiler (1977) who also reported Empidonax

flycatchers to be the most abundant bird species in old-growth western juniper. Gray

flycatchers are typically associated with shrubby habitats and open woodlands (Ehrlich et

al. 1988). Dusky flycatchers have been associated with much of the same general cover

types, but were also reported in open coniferous forest and deciduous riparian woodlands

(Ehrlich et al. 1988, Kelly 1993). Sedgwick and Ryder (1986) observed dusky and gray

flycatchers almost exclusively in unchained pinyon-juniper woodland, and O'Meara

(1981) reported gray flycatchers to be slightly more abundant in the edge area between

chained and unchained woodlands.

Chipping sparrows were consistently detected only within the mid-successional

juniper and old-growth juniper woodlands. The density of chipping sparrows made up

about 16% of total bird density in the old-growth juniper cover type. Chipping sparrow

density in mid-successional juniper was about half their density in old-growth juniper

woodlands. Gashwiler (1977) also reported chipping sparrows to be one of the most

abundant bird species on an old-growth juniper site in central Oregon (Table 10).
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O'Meara et al. (198 1) found chipping sparrows to be most abundant in unchained pinyon-

juniper and moderately abundant in nearby edge plots between chained and unchained

areas. Likewise, Sedgwick and Ryder (1986) reported chipping sparrows nesting and

foraging in both unchained and chained pinyon-juniper woodlands, as well as in the edge

area between the two vegetation types.

Cassin's finches were consistently detected only within mid-successional and old-

growth juniper woodlands, where they comprised 3 and 9% of total species density,

respectively. Cassin's finches have also been reported to occur in old-growth western

juniper woodlands (Gashwiler 1977) and pinyon-juniper woodlands (Balda and Masters

1980).

When present, both the pinyon jay and house finch were encountered at low

densities. House finches were detected consistently only within old-growth juniper.

Balda and Masters (1980) list the pinyon jay as a semi-obligatory breeding species within

pinyon-juniper woodland. In this study, pinyon jays were encountered at their highest

densities in old-growth juniper, and they were detected at much lower densities in

grassland and mid-successional juniper. Pinyon jays were usually detected foraging in

loose flocks and appeared to be highly mobile and wide-ranging.

Cavity Nesting Species

Total density of cavity nesting species was about 37% greater in old-growth

juniper than in mid-successional juniper. The only cavity nesting species consistently

detected in grassland and shrub-steppe was the northern flicker, but their density in these

cover types was extremely low. Northern flickers most likely used the grassland and
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shrub-steppe cover types for foraging only, as they were encountered at highest densities

in old-growth juniper. Gashwiler (1977) also observed northern flickers at moderate

densities in an old-growth western juniper stand in central Oregon (Table 10). In pinyon-

juniper woodland in northwestern Colorado, northern flickers were observed nesting only

in the edge area between chained and unchained woodlands (O'Meara et al.1981).

The density of mountain chickadees was greatest in old-growth juniper, and their

density was 90% lower in mid-successional juniper. Mountain chickadees were absent

from shrub-steppe, and were detected on only two occasions near the edge of a single

grassland transect. This is consistent with the findings of O'Meara et al. (1981) and

Sedgwick and Ryder (1986) who commonly observed mountain chickadees in unchained

pinyon-juniper woodlands and only rarely observed them in nearby chained or edge plots

in northwestern Colorado.

Mountain bluebirds were detected consistently within the grassland, mid-

successional juniper, and old-growth juniper cover types, but had their highest densities

in the old-growth juniper. Sedgwick and Ryder (1986) and O'Meara et al. (1981)

observed mountain bluebirds at higher densities in unchained pinyon-juniper woodland,

but bluebirds were observed at lower densities in nearby unchained and edge areas.

Three cavity nesting species (red-breasted nuthatches, American kestrels, and ash-

throated flycatchers) were consistently found at very low densities only in the mid-

successional and old-growth juniper cover types. Ash-throated flycatchers were observed

consistently both in mid-successional and old-growth juniper woodlands in this study. In

contrast, Gashwiler (1977) did not report the presence of any ash-throated flycatchers in

an old-growth juniper site in central Oregon, however, only a single western juniper site
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was surveyed in his study. American kestrels were detected only in old-growth juniper,

and red-breasted nuthatches were detected on only two of the four old-growth juniper

sites. Gashwiler (1977) reported the presence of red-breasted nuthatches and American

kestrels in an old-growth juniper woodland in central Oregon, but at densities too low to

calculate population size (Table 10). I found these species to be more abundant in this

study.

Variable Substrate Nesters

American robins are considered a habitat generalist (Ehrlich et al. 1988) and were

consistently detected in all cover types except shrub-steppe in this study. Gashwiler

(1977) also observed a moderate abundance of American robins in old-growth juniper

(Table 10). In this study, American robins had their highest densities in grasslands where

they were often observed foraging on the ground.

Mourning doves were also consistently observed in all cover types except shrub-

steppe. They were encountered at their highest densities in old-growthjuniper, but were

not abundant in any cover type in this study. The habitat generalist nature of mourning

doves is supported by Sedgwick (1987) who found mourning doves to be the most

variable bird species in resource use and habitat selection in pinyon-juniper.

Brood Parasites

The only obligate brood parasite encountered in this study was the brown-headed

cowbird. Brown-headed cowbird density was greatest in old-growth juniper where they

comprised over 16% of total bird density. Cowbird density was considerably lower in
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mid-successional juniper, and their densities were extremely low in grassland and shrub-

steppe. However, these results may be misleading because of the relatively small scale at

which bird surveys were conducted. Cowbirds are very mobile and may travel up to 12-

km between breeding and feeding areas (Goguen and Mathews 1998). Furthermore,

cowbirds may be most abundant in areas of high host density and/or species richness in

areas with ample foraging opportunities (i.e. open, heavily grazed and agricultural areas)

(Robinson 1999).

SCOPE AND LIMITATIONS

This study was limited in several ways. First, the use ofan observational

experimental design limits the assertion of cause-and-effect relationships betweencover

types and songbird communities. Study sites were not selected at random; therefore,

inadvertent bias in the selection of sites may restrict inferences to the immediate study

area. However, experimental units were well replicated and it is likely that the bird

community results from this study apply to other areas in the Intermountain shrub-steppe

region. An important caveat is that the trajectory of juniper woodland vegetative

development, particularly in the latter stages of development, can be variable among

areas with differing soil types.

Second, habitat relationship studies such as this, which do not examine nesting

success and survival, provide no direct indication of absolute habitat quality (Van Home

1983, Wolff 1995) for songbirds. Future studies in western juniper should examine

nesting success and survival of songbirds among various stages of woodland

development. However, this study does provide important information on the abundance
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and composition of breeding bird communities in mature western juniper woodlands and

shrub-steppe communities in various stages of juniper encroachment.

Third, the survey design employed in this study did not explicitly distinguish

between songbird nesting and foraging habitat. Consequently, surveys may have been

confounded by detections of birds using habitats other than those used for nesting and

reproductive activities. However, for most species, breeding territory sizes are relatively

small, increasing the likelihood of the detection of birds within breeding territories.

Though not addressed in this study, the size and juxtaposition of available breeding and

foraging areas may be important for wider ranging species such as pinyon jays, northern

flickers, and American kestrels.

Finally, there was a profound difference in the amount of rainfall between the two

years of this study. Weather was cool and very wet during the bird survey period of

1998, and was followed by a dryer than normal year in 1999. Higher rainfall during the

growing season of 1998 likely resulted in higher in herbaceous cover and biomass than in

1999. Increased herbaceous cover can influence insect abundance and indirectly effect

future bird abundance through increased survival and recruitment. The potential for

decreased bird activity and detectability in cooler weather, in addition to differences in

herbaceous cover, may have been partially responsible for the increase in bird abundance

in 1999.
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MANAGEMENT IMPLICATIONS

Western juniper expands across 3.2 million hectares east of the Cascade

Mountains contributing to a wide variety of community structure from savannas to closed

woodlands (trees fully occupy the site). The majority of western juniper communities are

still in a transitional state from open stands in shrub-steppe communities to stands

approaching woodland closure (Miller et al. 2000). However, the majority of avian work

in juniper or pinyon woodlands has ignored the successional state and understory

composition in these semiarid woodlands. For management plans to provide optimal

habitat structure for a large variety of songbirds, it is essential to understand the effects of

various stages of juniper woodland development (and associated vegetation structure) on

songbird breeding habitat. With the exception of shrub-steppe and mid-successional

juniper, bird communities among the four cover types examined in this study were clearly

distinct in terms of species composition. Therefore, at the landscape level, management

strategies that provide a mixture of various ages of juniper stands, as well as juniper-free

mountain big sagebrush and grassland, will provide for the greatest diversity of bird

communities.

At the site level, the greatest bird species richness in the Intermountain shrub-

steppe region (with the exception of riparian areas) occur within mid-successional juniper

stands with moderate juniper cover (6-20%) and intact shrub layer (>_9% total cover).

During the initial stages of woodland development, vegetative structure increases in

complexity because of the additional layer provided by juniper trees. Therefore, in the

short-term (20-40 years), a lack of management actions in mountain big sagebrush
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communities undergoing juniper encroachment can provide tree-foliage nesting species

such as Empidonax species flycatchers, chipping sparrows, Cassin's finches, American

robins, and pinyon jays with suitable breeding habitat, as well as providing shrub nesting

species with suitable breeding habitat.

However, in the long-term (>80 years), results from this study and those by other

researchers (Miller et al. 2000) have demonstrated that total shrub cover decreases as

juniper invades mountain big sagebrush communities. As woodland canopies increase to

50% of maximum potential for the site, big sagebrush cover and biomass decline to

approximately 20-25% of maximum potential (Tausch and Tueller 1990, Miller et al.

2000). The time period required for woodlands to reach stand closure is highly variable

but can occur within 60 to 90 years (Barney and Frischknecht 1974, Miller and Rose

1995, Miller et al. 1999). This study demonstrates that even in the initial-to-mid stages of

woodland development, there is a significant decrease in densities of shrub and ground-

nesting birds and sagebrush obligate birds such as Brewer's sparrows, sage thrashers, and

green-tailed towhees. A decline in shrub cover from 19% in shrub-steppe to 12% in mid-

successional juniper woodlands was associated with a 40% drop in density of shrub

nesting bird species. If the maintenance of shrub nesting and sagebrush obligate species

in mountain big sagebrush communities is a management goal, then the results of this

study indicate that juniper control measures should be implemented if shrub cover drops

below 13%. However, additional research is needed to more precisely identify the

threshold at which shrub nesting species begin to decline. While not examined directly in

this study, the lack of a shrub component in fully developed, or closed stands of western

juniper will likely result in the loss of most ground and shrub nesting birds. In addition,
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Closed woodlands also produce very limited crops of berries (Miller and Rose 1995), an

important food source for wintering birds (Solomonson and Balda 1977, Ledderer 1977,

Balda and Masters 1980, Lederer and Poddar 1982).

Since wildfire has been reduced greatly in these systems, prescribed burning

could be a potentially useful tool for managers in mountain big sagebrush areas

undergoing juniper encroachment. Prescribed bums within developing juniper

woodlands that create early seral vegetative stages dominated primarily by grasses and

forbs will initially benefit ground nesting species such as vesper sparrows, homed larks,

and western meadowlarks. As total perennial grass cover dropped from 19% in post-bum

grasslands, to 9% in shrub-steppe, there was a 40% drop in density of ground nesting bird

species. Thinning, although more expensive, can also be used to maintain the herb,

shrub, and tree layers at desired levels. Thinning allows for maximum control of trees

selected for removal and can be used in areas where understory fuel-loads are not

adequate to carry a fire. To maintain shrub layers at >10%, tree canopies should be not

be allowed to exceed 50% of maximum potential for the site (Miller et al. 2000).

Maximum tree canopy levels can vary from 25% on relatively dry mountain big

sagebrush/Thurber needlegrass cover type to over 60% on a mesic mountain big

sagebrush-snowberry/Columbia needlegrass cover type.

The presence or increased abundance of cavity nesters within old-growth

woodlands distinguishes these bird communities from those found in earlier stages of

woodland development. In the long-term (>350 years), the development of mature

western juniper stands with old-growth woodland characteristics will provide suitable

breeding habitat to open-forest bird species and cavity nesting species in particular.
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Structural characteristics of old-growth juniper woodlands include standing dead trees,

rounded canopies, large basal limbs, cavities, abundance of lichen in the tree canopies,

and relatively low shrub cover. These structural characteristics of old-growth, largely

absent in developing juniper stands, distinguish them from other upland plant

communities in the Intermountain Region. Therefore, existing stands of juniper, which

exhibit old-growth characteristics should be identified and left intact. Northern flickers,

mountain chickadees, mountain bluebirds, ash-throated flycatchers, red-breasted

nuthatches, and American kestrels occur in their maximum densities in old-growth

juniper. In contrast, the absence of shrub nesting species within old-growth juniper

stands results in the reduction of bird species richness to slightly less than those found in

juniper woodlands in the early-to-mid stages of development.
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APPENDICES



Appendix 1. Mean relative abundance (birds/transectlyear) for all species observed in four vegetative cover types in central

Oregon, 1998 and 1999.

All Cover
Types

Post-Burn
Grassland Shrub-steppe

Mid
Successional

Juniper

Old Growth
Juniper

Species Common Name Species Scientific Name Code mean mean SE mean SE mean SE mean SE

Brewer's sparrow Spizella breweri BRSP 10.99 9.31 2.06 19.94 1.07 14.54 1.58 0.19 0.09

Vesper sparrow Pooecetes gramineus VESP 9.32 30.25 1.57 6.25 3.76 0.73 0.37 0.06 0.06

Sage sparrow Amphispiza belli SAGS 8.57 2.00 1.81 20.54 2.48 11.52 2.44 0.21 0.10

Gray flycatcher Empidonax wrightfi GRFL 5.95 0.92 0.37 0.15 0.05 13.58 2.66 9.17 1.19

Homed lark Eremophila alpestris HOLA 4.90 8.02 4.40 11.54 4.17 0.02 0.02 0.00 0.00

Western meadowlark Sturnella neglecta WEME 4.47 10.46 2.95 4.02 3.44 3.38 1.59 0.02 0.02

Chipping sparrow Spizella passerina CHSP 3.45 0.25 0.17 0.02 0.02 4.23 1.59 9.31 0.29

Northern flicker Colaptes auratus NOFL 3.10 0.96 0.36 0.79 0.76 5.02 0.27 5.65 1.32

Mountain bluebird Sialia currucoides MOBL 3.04 0.38 0.15 0.38 0.38 4.94 0.96 6.48 2.92

Brown-headed cowbird Molothrus ater BHCO 2.83 0.31 0.18 0.23 0.18 4.06 1.34 6.71 2.10

American robin Turdus migratorius AMRO 2.70 3.02 1.15 0.15 0.15 3.81 1.21 3.83 1.34

Dusky flycatcher Empidonax oberholseri DUFL 2.32 . 0.13 0.08 0.00 0.00 2.90 0.84 6.25 0.70

Cassin's finch Carpodacus cassinii CAFI 2.31 0.00 0.00 0.02 0.02 2.40 1.00 6.83 2.57

Sage thrasher Oreoscoptes montanus SATH 2.10 0.85 0.30 6.96 0.50 0.58 0.23 0.00 0.00

Mountain chickadee Parus gam bell MOCH 1.82 0.04 0.04 0.00 0.00 1.65 0.81 5.60 0.49

Pinyonjay Gymnorhinus cyanocephalus PIJA 1.41 1.71 1.14 0.21 0.21 0.75 0.29 2.96 1.79

Mourning dove Zenaida macroura MODO 1.32 0.77 0.32 0.21 0.21 0.81 0.07 3.48 0.84

Ash-throated flycatcher Myiarchus cinerascens ATFL 1.05 0.10 0.08 0.10 0.10 1.88 1.44 2.10 0.60

Common raven Corvus corax CORA 0.94 0.52 0.30 0.67 0.43 1.23 0.42 1.35 0.18

Green-tailed towhee Pipilo chlorurus GTTO 0.93 3.04 1.32 0.46 0.33 0.06 0.04 0.17 0.14

Dark-eyed junco Junco hyemalis DEJU 0.58 0.00 0.00 0.00 0.00 0.48 0.33 1.85 0.59

Rock wren Campylorhynchus brunneicapillus ROWR 0.57 0.77 0.22 0.13 0.13 0.96 0.59 0.44 0.36

House finch Carpodacus mexicanus HOFI 0.25 0.00 0.00 0.02 0.02 0.00 0.00 0.98 0.74

Red-breasted nuthatch Sitta canadensis RBNU 0.14 0.00 0.00 0.00 0.00 0.08 0.06 0.48 0.31

California quail Callipepla californica CAQU 0.09 0.21 0.10 0.04 0.04 0.10 0.10 0.00 0.00

Clark's nutcracker Nucifraga columbiana CLNU 0.09 0.02 0.02 0.00 0.00 0.08 0.05 0.25 0.25

American kestral Falco sparverius AMKE 0.08 0.10 0.04 0.04 0.04 0.02 0.02 0.15 0.10



Appendix 1. Continued

All Cover Post-Bum

Mid
Successional Old Growth

Types Grassland Shrub-steppe Juniper Juniper
Species Common Name Species Scientific Name Code mean mean SE mean SE mean SE mean SE

Black-throated gray warbler Dendroica nigrescens BTGW 0.06 0.00 0.00 0.00 0.00 0.00 0,00 0.25 0.25

Lazuli bunting Passerina amoena LABU 0.06 0.00 0.00 0.00 0.00 0.10 0.10 0.15 0.06

Brewer's blackbird Euphagus cyanocephalus BRBL 0.06 0.17 0.14 0.02 0.02 0.02 0.02 0.02 0.02

Loggerhead shrike Lanius ludovicianus LOSH 0.06 0.02 0.02 0.08 0.08 0.10 0.05 0.02 0.02

Red-tailed hawk Buteo jamaicensis RTHA 0.06 0.00 0.00 0.04 0.04 0.13 0,10 0.06 0.04

Black-headed grosbeak Pheucticus melanocephalus BHGR 0.05 0.00 0.00 0.00 0.00 0.13 0.05 0.06 0.04

Western tanager Piranga ludoviciana WETA 0.05 0.00 0.00 0.00 0.00 0.02 0.02 0.17 0.08

American crow Corvus brachyrhynchos AMCR 0.04 0.00 0.00 0.00 0.00 0.08 0.08 0.06 0.04

Lark sparrow Chondestes grammacus LASP 0.04 0.08 0.05 0.00 0.00 0,06 0.06 0.00 0.00

Plain titmouse Baeolophus ridgwayi PLTI 0.04 0.00 0.00 0.00 0.00 0.15 0.15 0.00 0.00

Western wood-pewee Contopus sordidulus WWPE 0.04 0.02 0.02 0.00 0.00 0.06 0,04 0.06 0.04

Bushtit Psaltriparus minim us BUSH 0.03 0.00 0.00 0.00 0.00 0.10 0.10 0.02 0.02

Common nighthawk Chordeiles minor CONI 0.03 0.02 0.02 0.00 0.00 0.00 0.00 0.10 0.06

Townsend's solitaire Myadestes townsendi TOSO 0.03 0.00 0.00 0.00 0.00 0.08 0.08 0.04 0.02

Sage grouse Centrocercus urophasianus SAGR 0.03 0.10 0.08 0.00 0.00 0.00 0.00 0.00 0.00

House wren Troglodytes aedon HOWR 0.02 0.00 0.00 0.00 0.00 0.02 0.02 0.06 0.04

Savannah sparrow Passerculus sandwichensis SASP 0.02 0.02 0.02 0.06 0.06 0.00 0.00 0.00 0.00

Solitary vireo Vireo solitarius SOVI 0.02 0.00 0.00 0.02 0.02 0.04 0.04 0.02 0.02

Black-billed magpie Pica pica BBMA 0.02 0.00 0.00 0.04 0.04 0.02 0.02 0.00 0.00

Cooper's hawk Accipiter cooperii COHA 0.02 0.00 0.00 0.00 0.00 0.00 0,00 0.06 0.04

Northern oriole Icterus gambula bullockii NOOR 0.02 0.00 0.00 0.02 0.02 0.02 0.02 0.02 0.02

Northern pygmy owl Glaucidium gnoma NPOW 0.02 0.00 0.00 0.00 0.00 0.00 0,00 0.06 0.04

Warbling vireo Vireo gilvus WAVI 0.02 0.00 0.00 0.00 0.00 0.04 0,04 0.02 0.02

Yellow-rumped warbler Dendroica coronata YRWA 0.02 0.00 0.00 0.00 0.00 0.02 0.02 0.04 0.04

Ruby-crowned kinglet Regulus calendula RCKI 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.04

Townsend's warbler Dendroica townsendi TOWA 0.01 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.02

Ferruginous hawk Buteo regalis FEHA 0.01 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00

Great-horned owl Bubo virginianus GROW 0.01 0.00 0.00 0.00 0.00 0.00 0,00 0.02 0.02



Appendix 1. Continued

Species Common Name
Hermit thrush
Northern goshawk
Rufous hummingbird
Spotted towhee
White-breasted nuthatch
Western kingbird

Species Scientific Name
Catharus guttatus
Accipiter gentilis
Selasphorus rufus
Pipilo erythrophthalmus
Sitta carolinensis
Tyrannus verticalis

Yellow warbler Dendroica petechia
All Species (sum)

Total Bird Species Richness

All Cover Post-Bum
Types Grassland

Code mean mean SE

HETH 0.01 0.00 0.00
NOGO 0.01 0.00 0.00
RUHU 0.01 0.02 0.02
SPTO 0.01 0.00 0.00
WBNU 0.01 0.00 0.00
WEKI 0.01 0.02 0.02
YEWA 0.01 0.00 0.00

76.21 74.63

62 32

Mid
Successional

Shrub-steppe Juniper
mean SE mean SE

0.00 0.00 0.00 0.00
0.00 0.00 0.02 0.02
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.02 0.02
0.00 0.00 0.00 0.00
0.00 0.00 0.02 0.02

73.17 81.10
30 48

Old Growth
Juniper

mean SE

0.02 0.02
0.00 0.00
0.00 0.00
0.02 0.02
0.00 0.00
0.00 0.00
0.00 0.00

75.96
48
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Appendix 2. Individual species densities (birds/ha/year) for bird species detected on at
least 6 visits and on at least 2 bird survey transects; and proportion of total bird density
in each of four vegetative cover types in central Oregon, 1998 and 1999.

Post-bum
Grassland

Species

density
(birds/ha)

% of
total

Vesper sparrow 1.801 50.5

Homed lark 0.711 19.9
Brewer's sparrow 0.409 11.4
American robin 0.201 5.6
Western meadowlark 0.134 3.8

Green-tailed towhee 0.111 3.1

Sage sparrow 0.089 2.5
Empidonax spp. flycatcher 0.029 0.8
Mountain bluebird 0.021 0.6
Rock wren 0.017 0.5
Northern flicker 0.016 0.4
Sage thrasher 0.010 0.3

Mourning dove 0.008 0.2
Brown-headed cowbird 0.007 0.2
Pinyonjay 0.006 0.2

total 3.569 100.0

Shrub-steppe

Species

density
(birds/ha)

% of
total

Sage sparrow 2.603 43.6

Brewer's sparrow 1.640 27.5
Homed lark 1.174 19.7

Vesper sparrow 0.380 6.4
Sage thrasher 0.098 1.6

Western meadowlark 0.036 0.6
Green-tailed towhee 0.014 0.2
Brown-headed cowbird 0.013 0.2
Northern flicker 0.009 0.2
Empidonax spp. flycatcher 0.002 0.0
total 5.968 100.0

Mid Successional
Juniper

Species

density
(birds/ha)

% of
total

Empidonax spp. flycatcher 1.339 24.2
Brewer's sparrow 1.293 23.3

Sage sparrow 0.749 13.5

Chipping sparrow 0.487 8.8
Brown-headed cowbird 0.483 8.7

Mountain bluebird 0.446 8.1

Cassin's finch 0.151 2.7

Ash-throated flycatcher 0.125 2.3

American robin 0.121 2.2
Northern flicker 0.108 1.9

Mountain chickadee 0.096 1.7

Vesper sparrow 0.037 0.7

Western meadowlark 0.036 0.6
Rock wren 0.028 0.5

Dark-eyed junco 0.019 0.3

Sage thrasher 0.011 0.2

Pinyonjay 0.010 0.2
Mourning dove 0.004 0.1

total 5.542 100.0

Old Growth Juniper

Species

density
(birds/ha)

% of
total

Empidonax spp. flycatcher 1.414 21.6

Brown-headed cowbird 1.075 16.4

Chipping sparrow 1.068 16.3

Mountain chickadee 0.900 13.7

Mountain bluebird 0.887 13.5

Cassin's finch 0.417 6.4

Dark-eyed junco 0.152 2.3

Northern flicker 0.139 2.1

American robin 0.130 2.0

Ash-throated flycatcher 0.109 1.7

Pinyonjay 0.083 1.3

House finch 0.054 0.8

Mourning dove 0.054 0.8

Red-breasted nuthatch 0.047 0.7

Rock wren 0.020 0.3

American kestrel 0.004 0.1

total 6.551 100.0



Appendix 3. Distance sampling data for selected bird species in central Oregon, 1998 and 1999.

Detection

probability
Effective detection

radius (m)
Cluster size

estimate

Bird species Cover Type
Selected model and
adjustment

Number of Truncation
Detections radius (m) SE SE SE

American kestrel Old-growth juniper uniform/cosine 7 130 1.000 0.000 130.000 0.000 1.000 0.000
American robin Post-bum grassland half-normal/cosine 126 160 0.180 0.034 67.943 6.497 1.109 0.037
American robin Mid-successional juniper uniform/cosine 175 250 0.308 0.011 110.950 2.039 1.047 0.018
American robin Old-growth juniper half-normal/cosine 179 165 0.400 0.041 104.340 5.307 1.024 0.012
Ash-throated flycatcher Mid-successional juniper uniform/simple poly. 86 160 0.551 0.047 74.226 3.195 1.051 0.025
Ash-throated flycatcher Old-growth juniper uniform/simple poly. 100 130 0.455 0.034 87.732 3.252 1.010 0.010
Brown-headed cowbird Post-bum grassland uniform/cosine 13 180 1.000 0.000 130.000 0.000 1.167 0.112
Brown-headed cowbird Shrub-steppe uniform/cosine 8 85 1.000 0.000 85.000 0.000 1.429 0.202
Brown-headed cowbird Mid-successional juniper half-normal/cosine 177 130 0.343 0.033 55.599 2.710 1.111 0.032
Brown-headed cowbird Old-growth juniper half-normal/cosine 283 90 0.287 0.021 48.256 1.764 1.148 0.037
Brewer's sparrow Post-bum grassland half-normal/cosine 432 120 0.588 0.096 91.900 7.529 1.037 0.009
Brewer's sparrow Shrub-steppe uniform/cosine 920 100 0.450 0.018 67.043 1.372 1.043 0.007
Brewer's sparrow Mid-successional juniper uniform/cosine 678 160 0.347 0.028 64.760 2.594 1.032 0.008
Cassin's finch Mid-successional juniper uniform/cosine 108 170 0.572 0.086 75.606 5.714 1.072 0.030
Cassin's finch Old-growth juniper uniform/simple poly. 318 100 0.593 0.031 77.032 2.015 1.034 0.012
Chipping sparrow Mid-successional juniper half-normal/cosine 194 125 0.306 0.027 58.052 2.521 1.048 0.017
Chipping sparrow Old-growth juniper uniform/cosine 429 95 0.359 0.064 56.898 5.039 1.045 0.012
Dark-eyed junco Mid-successional juniper uniform/cosine 22 120 1.000 0.000 95.000 0.000 1.050 0.050
Dark-eyed junco Old-growth juniper uniform/cosine 88 100 0.486 0.067 69.699 4.830 1.011 0.011
Empidonax flycatcher Post-bum grassland uniform/cosine 49 160 0.531 0.110 116.550 12.053 1.021 0.021
Empidonax flycatcher Shrub-steppe uniform/simple poly. 5 180 1.000 0.000 180.000 0.000 1.200 0.200
Empidonax flycatcher Mid-successional juniper hazard-rate/cosine 770 140 0.501 0.034 67.270 2.273 1.030 0.008
Empidonax flycatcher Old-growth juniper half-normal/cosine 736 100 0.423 0.052 65.026 4.021 1.006 0.003
Green-tailed towhee Post-bum grassland uniform/cosine 145 130 0.587 0.079 99.559 6.690 1.008 0.008
Green-tailed towhee Shrub-steppe uniform/cosine 22 110 1.000 0.000 110.000 0.000 1.000 0.000
House finch Old-growth juniper uniform/simple poly. 43 105 0.610 0.107 82.025 7.223 1.100 0.048
Homed lark Post-bum grassland uniform/cosine 337 100 0.422 0.025 64.987 1.951 1.131 0.022
Homed lark Shrub-steppe uniform/cosine 513 100 0.383 0.015 61.869 1.180 1.082 0.013
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Detection
probability

Effective detection
radius (m)

Cluster size
estimate

Bird species Cover Type
Selected model and

adjustment
Number of Truncation
Detections radius (m) SE SE SE

Mountain bluebird Post-burn grassland uniform/simple poly. 12 115 0.521 0.120 83.009 9.532 1.417 0.193
Mountain bluebird Mid-successional juniper uniform/cosine 209 130 0.426 0.031 65.271 0.116 1.133 0.025
Mountain bluebird Old-growth juniper uniform/cosine 267 85 0.370 0.019 51.709 1.316 1.167 0.025
Mountain chickadee Mid-successional juniper uniform/simple poly. 77 130 0.612 0.080 78.720 5.085 1.029 0.020
Mountain chickadee Old-growth juniper uniform/cosine 261 90 0.290 0.035 48.440 2.920 1.034 0.013
Mourning dove Post-bum grassland half-normal/cosine 32 450 0.164 0.053 182.740 29.690 1.172 0.071
Mourning dove Mid-successional juniper uniform/simple poly. 37 600 0.582 0.093 305.130 24.413 1.057 0.040
Mourning dove Old-growth juniper uniform/cosine 161 260 0.318 0.015 146.620 3.530 1.030 0.015
Northern flicker Post-bum grassland uniform/cosine 46 300 0.222 0.044 141.260 14.069 1.000 0.000
Northern flicker Shrub-steppe half-normal/cosine 37 400 0.203 0.069 180.170 30.639 1.029 0.029
Northern flicker Mid-successional juniper uniform/cosine 235 600 0.285 0.036 117.410 7.333 1.035 0.016
Northern flicker Old-growth juniper haz.-rate/simple poly. 267 211 0.313 0.043 117.990 8.181 1.018 0.009
Pinyonjay Post-burn grassland half-normal/cosine 40 550 0.355 0.075 327.650 34.478 2.000 0.221
Pinyonjay Mid-successional juniper uniform/cosine 27 300 0.513 0.133 168.280 21.826 1.269 0.131
Pinyonjay Old-growth juniper uniform/cosine 99 250 0.215 0.025 115.820 6.868 1.426 0.101
Red-breasted nuthatch Old-growth juniper uniform/cosine 23 100 0.408 0.084 63.839 6.598 1.000 0.000
Rock wren Post-burn grassland uniform/cosine 36 165 0.596 0.163 127.360 17.399 1.031 0.031
Rock wren Mid-successional juniper uniform/cosine 46 250 0.330 0.031 114.830 5.352 1.000 0.000
Rock wren Old-growth juniper uniform/simple poly. 21 150 0.361 0.059 90.113 7.425 1.000 0.000
Sage sparrow Post-burn grassland uniform/cosine 94 125 0.522 0.077 90.284 6.665 1.024 0.017
Sage sparrow Shrub-steppe uniform/cosine 951 100 0.293 0.017 54.160 1.530 1.040 0.007
Sage sparrow Mid-successional juniper half-normal/cosine 546 175 0.466 0.029 75.065 2.324 1.014 0.005
Sage thrasher Post-burn grassland half-normal/cosine 40 300 0.338 0.070 174.470 18.056 1.028 0.028
Sage thrasher Shrub-steppe half-normal/cosine 331 250 0.407 0.031 159.480 6.088 1.010 0.004
Sage thrasher Mid-successional juniper half-normal/cosine 28 300 0.320 0.077 141.340 17.063 1.000 0.000
Vesper sparrow Post-burn grassland half-normal/cosine 1341 100 0.607 0.026 77.888 1.688 1.089 0.010
Vesper sparrow Shrub-steppe half-normal/cosine 295 200 0.594 0.054 77.043 3.514 1.019 0.008
Vesper sparrow Mid-successional juniper uniform/cosine 33 180 0.297 0.025 87.250 3.635 1.063 0.043
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Western meadowlark Post-bum grassland hazard-rate/cosine 491 300 0.327 0.030 171.640 7.765 1.025 0.007
Western meadowlark Shrub-steppe hazard-rate/cosine 190 360 0.317 0.042 202.820 13.413 1.017 0.010
Western meadowlark Mid-successional juniper uniform/cosine 160 400 0.388 0.028 186.910 6.734 1.013 0.013


