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Hoffland, John R., M.S., April 1995 Environmental Studies

A Comparison of Bird Abundance Among Selectively Logged, Old-Growth, and Mature 
Second-Growth Ponderosa PIne/Dougias-FIr Forest Stands

Director: Richard L. Hutto!

I examined breeding bird abundance and habitat characteristics In selectively 
logged ponderosa pine {Pinus po/7derosa)/Dougias-flr {Pseudotsuga menziesii) stands 
In west-central Montana during the 1991 breeding season. I compared my results with 
the 1991 results from Hejl’s study In old-growth and mature second-growth 
ponderosa pine/Douglas-fIr stands of the same geographical region. The abundances of 
bird species in selectively logged stands more closely resembled old-growth than 
mature second-growth stands. For example, the plleated woodpecker {Dryocopus 
pileatus), Hammond's flycatcher (Empidonax hammondi), Swainson's thrush 
(Catharus ustulatus), and Townsend's warbler {Dendroica townsendi) were each more 
abundant in old-growth and selectively logged stands than in mature second-growth 
stands. Surprisingly, species that generally benefit from forest thinning and the 
resultant open understory, e.g., American robin(Turdus migratorius) and chipping 
sparrow (Spizella passerina) were not more abundant in selectively logged stands than 
they were In old-growth stands. This was probably due to the time span between 
logging and the bird survey. Bird species more abundant In mature second-growth 
stands generally appear to be selecting for the open understory.

I tested for an association between breeding bird abundance and habitat structure In 
selectively logged stands that were cut approximately 20-80 years before the study. 
The relatively open understory had since filled In with shrubs and shade tolerant 
Douglas-flr. Ecologically Interpretable associations included: plleated woodpecker was 
positively associated with large trees, American robin was negatively associated with 
shrub cover, and Townsend's warbler was positively associated with tree height.

The selectively logged stands In this study meet minimal old-growth criteria. 
Because only small remnants of selectively logged and undisturbed ponderosa 
pine/Douglas-fIr old-growth forest remain after a century of logging, I suggest 
increasing the amount of old-growth with historic levels as a goal.
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INTRODUCTION

Few studies have examined the effects of logging on bird 

abundance in the ponderosa pine/Douglas-fir forests of the 

northern Rockies in spite of the fact that many of these forests 

have been logged. Timber inventories from the 1930s indicate a 

drastic change in the age structure of the ponderosa pine forests of 

west-central Montana over the past sixty years (Losensky 1993).

In these inventories from the 1930s the mature age class (100-179 

years) accounted for a relatively low percentage (18.7%) of total 

ponderosa pine acres. Potential old-growth (180+years) accounted 

for more than half (56.4%) of the the acres in the ponderosa pine 

cover type. Few ponderosa pine/Douglas-fir older selectively 

logged or old-growth stands remain in western Montana 

(Yanishevsky 1993). Logging has removed most of the old-growth 

ponderosa pine/Douglas-fir forests that once covered vast areas of 

valley floors and lower to mid elevations on mountain slopes in 

western Montana (Leiberg1899; Losensky 1993). If there are old- 

growth dependent bird species, the implications are potentially 

serious.

Selectively logged ponderosa pine/Douglas-fir stands 

(especially lightly thinned stands) may play an important role in 

providing habitat for potential old-growth dependent bird species. 

Whether structural and specific features necessary for potential 

old-growth dependent bird species still exist after logging is

1
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unknown. Future management of the ponderosa pine/Douglas-fir 

forest type depends, in part, on a comparative analysis of bird 

abundance in selectively logged and other stand types.

Of the few studies comparing bird species abundance in 

treated and untreated ponderosa pine/Douglas-fir forest in the 

northern Rockies, only Medin (1985) and h/ledin and Booth (1989) 

compared bird species abundance in selectively logged and unlogged 

Douglas-fir/ponderosa pine stands. Dobkin (1992), however, 

criticized their studies In west-central Idaho for their lack of 

replication. The two other studies comparing bird species 

abundance in the ponderosa pine/Douglas-fir forest type did not 

analyze selectively logged older stands. Mannan and Meslow (1984) 

compared only four old-growth and four thinned mature second- 

growth stands in Douglas-fir/ponderosa pine habitat of 

northeastern Oregon. Hejl and Woods (1991) provided the most 

satisfactory sampling design. They compared bird species 

abundance in old-growth and mature second-growth ponderosa 

pine/Douglas-fir stands in west-central Montana and adjacent 

Idaho. They used a large sample size of sixteen separate stands for 

each stand condition and sampled them four times per season for 

three seasons (although the report cited above contained only first 

year results). Despite methodological problems, several bird 

species (the pileated woodpecker, brown creeper and Townsend's 

warbler), when found in large enough numbers for statistical 

analysis, were consistently associated with unlogged forest in the 

above studies. In contrast, the dusky flycatcher and chipping

2
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sparrow consistently were more abundant in logged stands.

Studies of bird abundance in partially cut and untreated 

ponderosa pine sites in Arizona (Franzreb and Oh mart 1978; Scott 

and Gottfried 1983; Szaro and Baidal 986; Mannan and Siegel 1988} 

and in treated and untreated sites in the higher elevation forests of 

the northern Rockies (Moore 1992; Tobalske et al. 1991 ; Petersen 

1982) are of limited value in determining management for bird 

species found in the ponderosa pine/ Douglas-fir forest type of the 

northern Rockies. Nonetheless, study results from Arizona's 

ponderosa pine forests did correspond roughly with those from the 

ponderosa pine/Douglas-fir forests of the northern Rockies. In both 

regions cavity nesting species were more abundant on unlogged 

sites and ground gleaning species were more abundant on treated 

sites. In the higher elevation forests of the northern Rockies, 

however, western tanagers, yellow-rumped warblers, ruby-crowned 

kinglets, red-breasted nuthatches and even chipping sparrows 

demonstrated different responses to similiar site conditions.

Across these three studies from the northern Rockies, no bird 

species exhibited a consistent positive or negative response to 

logging or undisturbed conditions.

At present, many management recommendations for potential 

old-growth dependent bird species in the northern Rockies are 

based on studies from other regions. Data from different forest 

types may not be valid due to structural and species differences; 

applying results between forest types and/or regions should be 

approached with caution. The management recommendations that

3
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have been developed from information available from the northern 

Rockies (Harger 1978; Christiansen and Kuennen 1984; Warren 

1990) do not specifically address statistical differences In bird 

abundance between habitats. For instance, McClelland (1977) 

provided compelling evidence for pileated woodpecker use of old- 

growth forest habitat components, particularly large broken-top 

trees and snags for nest cavities. His study, however, did not 

include a comparison of relative species abundance in different 

forest successional stages or treatment types. Large sample sizes 

encompassing sites from all successional stages and treatment 

types, combined with a landscape analysis, would more adequately 

describe bird species-habitat associations.

Despite some convergence of results for studies of bird 

abundance in treated and untreated sites across regions and forest 

types in the western United States no substitute exists for 

directly testing the regional forest type in question. The low 

number of comparative studies indicates a need for further 

investigation of bird abundance in the ponderosa pine/Douglas-fir 

forests of the northern Rockies. With this in mind I chose to 

complement Hejl's ongoing study (1991) of ponderosa pine/Douglas 

fir old-growth and mature second-growth sites by assessing bird 

abundance in selectively logged stands of the same forest type.

My study objectives were (1) to quantify bird species 

abundance in selectively logged ponderosa pine/Douglas-fir stands; 

(2) to analyze the association of bird abundance with habitat 

variables on selectively logged sites; and (3) to statistically

4
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compare bird abundance in selectively logged ponderosa 

pine/Douglas fir stands to the old-growth and mature second- 

growth ponderosa pine/Douglas-fir stands of Hejl (unpub. data) for 

the 1991 field season.
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STUDY AREAS

Ponderosa pine/Douglas-fir forest types occur primarily on 

south and west aspects of well-drained, low elevation sites in 

USFS Region One (Green 1992).

I chose selectively logged stands located within a 40-mile 

radius of Missoula, Montana (Figure 1). Nine stands were on the 

Lolo National Forest and one selectively logged stand was a Bureau 

of Land Management site 20 miles east of Missoula. I compared my 

results to those from Hejl's 16 old-growth and 16 mature second- 

growth stands, located in western Montana on the Bitterroot and 

Lolo National Forests, Lubrecht Experimental Forest, and on 

adjacent areas of eastern Idaho (Figure 1).
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Figure 1. Location of study areas in western M ontana and eastern Idaho.
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Methods

Stand Selection

I chose selectively logged stands based on Hejl and Woods’ 

(1991) criteria for old-growth stands with the exception of 

significant disturbance on my sites caused by past selection 

logging. In Hejl and Woods’ and my study: (1) each site was 

homogeneous in vegetative structure and composition, (2) each site 

was at least 8 ha in size and at least 200 m wide, (3) the dominant 

species on each site was ponderosa pine, (4) the dominant trees 

were near maximal for the species in this geographic area and had 

old-age characteristics, and (5) stands were at least 0.8 km apart.

Based on U.S. Forest Service records and discussions with 

Forest Service employees, logging occurred on selectively logged 

stands approximately 20 to 80 years prior to this study. Almost all 

selective logging was "high-grading", or the cutting of the largest 

trees on the site, and varied in intensity among the sites. On 

average, "high-grading" left a stand with approximately 29 trees 

and 15 stumps greater than 50 cm dbh/ha (Table 1). Selectively 

logged stands ranged in size from 11.7 to 93.9 ha and were 

primarily on steep, south-facing slopes. Although these old-aged 

sites were distinct in structure from the surrounding landscape, all 

were situated in a forested matrix predominated by stands at the 

stem exclusion stage (Oliver and Larson 1990) or older.

Criteria for Hejl and Woods’ mature second-growth stands

8
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were the same as for their old-growth stands except that the 

dominant trees were approximately rotation-age for Douglas-fir 

and ponderosa pine in Forest Service Region One (80 to 120 years), 

and obvious large scale human disturbance (primarily logging) had 

occurred on the site.

Design

I measured or estimated habitat (vegetation and topographic) 

variables during May, June, and July 1991 in the ten selectively 

logged study sites. I did measurements/estimates at each bird 

count point, and (with the exception of tree age and height) at three 

additional points located 70 m from the count point in random 

compass directions. When sampling sites overlapped, I chose 

another random point. Hejl and Woods measured vegetation 

variables at five random plots located within a 100-m radius of the 

bird count point in old-growth and mature second-growth stands. 

They obtained topographic characteristics and tree age at each bird 

count point.

I used 11.3-and 7.3-m-radius circles (.04 and .017 ha, 

respectively) to sample most vegetation parameters. The 

vegetation measures comparable with Hejl and Woods’ methods 

were: species and number of stumps (20-50 cm and >50 cm dbh), 

large trees (>50 cm DBH), and snags (20-50 cm and >50cm dbh) in 

an 11.3-m-radius circle; species and number of medium trees (20- 

50 cm dbh) and logs (20-50 cm and >50 cm dbh) in a 7.3-m-radius 

circle. I visually estimated debris, forb, grass, shrub, small tree

9
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(<20 cm dbh), and total ground cover within 11.3-m-radius circles. 

Hejl and Woods’ estimates of percent cover were considerably more 

detailed. They sampled 25 points within each 11.3-m-radius circle 

with a "scope-a-Job" to calculate per cent cover for downed wood, 

forbs, grass, litter, rock, small shrubs, large shrubs, soil, and tree 

canopy. Comparisons of cover means between my selectively 

logged sites and the old-growth and mature second-growth sites 

are potentially inappropriate due to the difference in sampling 

methods.

I measured basal area with a 10-factor prism, and slope with 

a clinometer at each point, and I estimated relative slope position 

(low, medium and high) and distance from the nearest stream. 

Results for these variables are comparable with Hejl and Woods’ 

results except distance from the nearest stream, which they did 

not measure or estimate.

Measures of tree age, diameter, and height were consistent 

with Hejl and Woods’ methods. I cored one tree, representing the 

area's largest size class, on the downhill side at 5 dm (as measured 

from the uphill side) at each count point. I saved the core and 

counted the rings later to determine age. I also measured the tree’s 

diameter at the coring point and the tree’s height with a 

clinometer.

In accord with Hejl and Woods’ methods, I outlined selectively 

logged stands on aerial photos and digitized them in order to 

calculate stand size. The absence of large trees determined the 

edge of the stand.

1 0
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I modeled bird counting methods after Hejl and Woods (1991) 

to compare species richness and relative abundance in selectively 

logged sites with their old-growth and mature second-growth 

sites. Count points were located on a linear transect running 

through the site. Points were 200 m apart and at least 100 m from 

the edge of the stand or a road. The ten selectively logged sites 

contained anywhere from two to five points each, while almost all 

the old-growth and mature second-growth sites contained five 

points (one old-growth site contained two points and one mature 

second-growth site had four points).

I conducted ten-minute counts, four times during the breeding 

season (15 May to 15 July) of 1991. Ten-minute counts include 

significantly more species than five-minute counts but avoid most 

of the duplicate counting inherent in twenty-minute counts 

(Verner1988).

Interobserver variability was not controlled between 

selectively logged sites and Hejl and Woods' old-growth and mature 

second-growth sites. Four observers who underwent a common 

training program did bird counts in the old-growth and mature 

second-growth stands. They had from one to six years of 

professional bird-counting experience as well as amateur bird- 

watching backgrounds. I counted all birds on the selectively logged 

sites. This was my second year of professional bird-counting. I 

had several years of amateur bird-watching previous to this study. 

No attempt was made to assess the difference in bird 

Identification or hearing ability between myself and the other

1 1
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observers. The validity of comparisons between selectively logged 

sites and old-growth and mature second-growth sites may be 

questioned due to the lack of a common training and testing 

program (Kepler and Scott 1981 ; Ramsey and Scott 1981).

The four visits to each site were spread evenly throughout the 

breeding season to accommodate seasonal changes in detection 

(Best 1981) and to match Hejl and Woods’ methods. I performed 

counts between 0630 and 1130, thereby avoiding identification 

difficulty during the cacophonous dawn chorus. Direction of 

transect travel at a site alternated with each visit during the

season to minimize any possible variation in bird detectability

during the morning hours (Robbins 1981a).

I included any birds detected (seen or heard) in the stand, 

regardless of distance, in the analysis. I did not use observations 

believed to be duplicates. Birds flushed when approaching a point 

were counted on old-growth and mature second-growth sites but 

not on selectively logged sites. The number of flushed birds was 

extremely low, however, and probably did not affect comparisons 

of the three stand types. Birds flying over my sites were

classified, based upon observable behavior, as either on or off the

stand at the time of the point counts. Hejl and Woods’ methods 

included a third category for flyovers: “unknown”. The observer 

was unable to categorize “unknown" birds as on or off the stand 

with certainty. “Unknown” birds were classified as off the stand 

for the purposes of this comparison of bird abundance among stand 

types.

12
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Comparisons of radically different habitats have shown 

differences in bird detectability (Verner 1985), but all habitats 

sampled in this study were moderate to densely forested areas; no 

habitat extremes were compared (e.g. forest vs. clearcut, forest 

vs. grassland). I doubt that the sound transmission properties of 

the three treatment types differed appreciably. Differences in 

detectability between relatively similiar habitats should not 

significant affect the comparative analysis (Emien and DeJong 

1981).

Robbins (1981b) found that number of songbirds detected is 

generally Inversely correlated with wind speed and amount of rain. 

Therefore, in accord with Hejl and Woods’ study, I did not perform 

bird counts on rainy (more than a light sprinkle) or windy (greater 

than 21 mph) days.

Analysis

I did not statistically analyze the means of habitat 

variables between treatment types. However, I listed summary 

statistics of the habitat variables for the three stand types in 

Table 1 and used them comparatively in the results and discussion 

sections.

I calculated the mean number of bird detections within the 

stand at a given point (across the four visits at a given point) and 

then calculated the mean number per point across the five (or 

fewer) points within a site to generate a site mean and then used 

site means in an ANOVA to compare treatments for all normally

1 3
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distributed data (Figure 2). Significant P-values (<0.05) indicated 

that treatment means were not all equal. No multiple comparisons 

of means, however, was performed . I examined histograms and 

normal probability plots to determine whether data were normally 

distributed. If not, Kruskal-Wallis H, a non-parametric test, 

ranked the mean number of detections per point across sites to 

determine any significant differences among treatments. I also 

analyzed BSR (bird species richness) among stand types for all 

sites and for only those sites with five sampling points.

I performed Pearson chi-square tests for all combinations of 

bird species and habitat variables in selectively logged sites. The 

Pearson chi-square statistic measured independence of bird 

abundance and the various habitat variables. I did not analyze chi- 

square distributions in which the average of expected counts was 

less than five and the smallest expected count was less than one. 

Due to the high number of chi-square tests performed it is likely 

that some significant associations are spurious. Multi-collinearity 

among habitat variables, though, makes any estimate of spurious 

associations practically impossible.

14
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visit point site

Figure 2 - Study design schematic of a 
bird survey points. representative site with four
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Resul ts

Habitat Variables

Habitat variables for the three stand types are summarized in 

Table 1 with variable descriptions found in Table 2. Though I did 

no statistical analysis of habitat variables among the three stand 

types some obvious relationships stand out. The number of snags 

and large trees is very similiar between selectively logged and 

old-growth stands but considerably lower in mature second-growth 

stands. Medium logs and trees are more abundant in mature 

second-growth stands. The number of large stumps combined with 

existing large trees in selectively logged stands indicates that 

these stands were more productive old-growth sites historically 

than the old-growth sites in Hejl and Woods’ study. Stand size 

greatly differed among the three stand types. The small size of 

selectively logged stands and to a lesser degree old-growth stands 

may have an impact upon bird species dependent upon large tracts 

of old-growth forest. The dominant trees in both selectively 

logged and old-growth stands exceeded a mean of 200 years, the 

age considered minimal for the development of old-growth 

conditions by McClelland (1977). Dominant trees were slightly 

taller and wider on old-growth than selectively logged sites, 

perhaps the result of high grading on the selectively logged sites.

As expected, tree age, tree diameter, and tree height were 

decidedly less on mature second-growth sites. Slope was less

1 6
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Type Mean

Standard Error 
of Mean Minimum Maximum N

Med logs (PlPO) SL 27.1 9.4 8.0 109.6 10
Med logs (PlPO) OB 19.7 4.2 0.00 67.5 1 6
Med logs (PlPO) MA 51.3 7.2 4.2 115.3 16
Med logs (PSME) SL 18.3 4.5 0.00 36.0 1 0
Med logs (PSME) C3& 32.6 9.6 0.00 151.2 1 6
Med logs (PSME) MA 16.4 4.2 0.00 55.6 1 6
Med logs SL 47.1 9.7 12.0 109.6 10
Med logs OB 104.3 17.9 16.1 258.8 1 6
Med logs MA 132.2 14.3 35.8 243.2 16

Lg logs (PlPO) SL 13.2 3.0 3.9 31.8 10
Lg logs (PlPO) QB 10.5 1.8 0.00 19.7 1 6
Lg logs (PlPO) MA 1.7 0.60 0.00 7.8 1 6
Lg logs (PSME) SL 1.7 0.90 0.00 8.0 10
Lg logs (PSME) OB 3.9 1.2 0.00 12.0 1 6
Lg logs (PSME) MA 0.00 0.00 0.00 0.00 1 6
Lg logs SL 14.9 3.3 3.9 31.9 10
Lg logs OB 22.8 3.0 4.2 43.6 1 6
Lg logs MA 8.7 2.4 0.00 40.0 1 6
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Med snags (PlPO) SL 10.2 2.4 0.00 22.4 10
Med snags (PlPO) OB 3.0 0.66 0.00 10.0 1 6
Med snags (PlPO) MA 3.5 0.80 0.00 12.0 1 6
Med snags (PSME) SL 7.8 2.9 0.00 32.4 1 0
Med snags (PSME) OB 12.3 3.2 1.0 42.9 1 6
Med snags (PSME) MA 1.8 1.0 0.00 16.0 16
Med snags SL 19.0 5.1 0.18 57.5 10
Med snags (B 17.0 3.4 1.0 46.9 1 6
Med snags MA 5.9 1.3 0.00 19.9 1 6

Lg snags (PlPO) SL 3.6 0.85 0.00 4.4 10
Lg snags (PlPO) GB 2.2 0.58 0.00 8.0 16
Lg snags (PlPO) FIA 0.47 0.22 0.00 2.5 1 6
Lg snags (PSME) SL 0.5 0.43 0.00 4.4 10
Lg snags (PSME) (B 1.6 0.69 0.00 11.0 1 6
Lg snags (PSME) MA 0.06 0.06 0.00 1.0 1 6
Lg snags SL 4.5 1.3 0.60 12.5 1 0
Lg snags QB 4.4 0.86 0.00 12.0 1 6
Lg snags MA 0.59 0.30 0.00 4.0 1 6
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Med stumps (PlPO) SL 9.0 2.8 0.00 24.8 10
Med stumps (PlPO) GB
Med stumps (PlPO) MA
Med stumps (PSME) SL 9.8 3.9 0.00 38.1 1 0
Med stumps (PSME) GB
Med stumps (PSME) MA
Med stumps SL 18.8 4.4 0.00 41.5 10
Med stumps GB 5.6 1.2 0.00 16.1 1 6
Med stumps MA 43.5 5.4 0.00 75.9 1 6

Lg stumps (PlPO) SL 12.5 3.9 0.00 30.4 10
Lg stumps (PlPO) GB
Lg stumps (PlPO) MA
Lg stumps (PSME) SL 2.4 1.4 0.00 11.6 1 0
Large stumps (PSME) GB
Lg stumps (PSME) MA
Lg stumps SL 14.9 3.7 0.00 30.04 10
Lg stumps GB 0.63 0.00 0.00 4.2 16
Lg stumps MA 0.63 0.00 0.00 4.2 16
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Variable
Stand
Tvoe Mean

Standard Error 
of Mean Minimum Maximum N

Med trees (PlPO) SL 70.3 9.9 25.0 129.4 1 0
Med trees (PlPO) OB 28.3 4.9 0.00 87.6 16
Med trees (PlPO) MA 127.2 14.5 51.8 215.0 16
Med trees (PSME) SL 68.2 14.3 0.00 149.6 1 0
Med trees (PSME) QB 66.6 10.3 0.00 163.3 16
Med trees (PSME) MA 59.6 11.2 0.00 167.2 16
Med trees SL 139.5 12.7 92.9 223.0 10
Med trees QB 98.9 11.6 8.0 175.2 1 6
Med trees MA 190.2 14.6 103.5 298.7 1 6

Lg trees (PlPO) SL 24.8 2.7 6.7 36.0 10
Lg trees (PlPO) QB 17.1 1.7 8.3 28.6 1 6
Lg trees (PlPO) MA 9.4 2.4 1.7 39.9 1 6
Lg trees (PSME) SL 3.8 1.1 0.00 8.3 1 0
Lg trees (PSME) QB 8.5 3.3 0.00 56.5 1 6
Lg trees (PSME) MA 1.7 0.50 0.00 6.6 1 6
Lg trees SL 28.8 3.2 6.7 44.2 1 0
Lg trees QB 27.2 3.7 15.0 71.5 1 6
Lg trees MA 11.0 2.4 3.3 41.5 1 6
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Variable
Stand
Tvoe Mean

Standard Error 
of Mean Minimum Maximum N

Basai area SL 190.5 11.2 135.7 264.5 10
Basal area GB 217.4 19.6 54.8 435.4 16
Basal area MA 220.6 16.5 123.1 354.8 16

Slope SL 42.0 5.3 9.0 59.4 10
Slope QB 51.4 3.0 25.2 70.0 1 6
Slope MA 22.8 2.6 11.6 45.2 16

Stand size SL 40.6 9.1 11.7 93.9 1 0
Stand size GB 79.6 13.3 14.3 193.7 16
Stand size MA 206.0 36.6 40.2 526.9 16

Stream distance SL 342.7 42.1 185.0 600.0 10
Stream distance GB
Stream distance MA

Rel slope position SL 1.9 0.16 1.0 2.7 10
Rel slope position QB 2.2 0.11 1.2 3.0 1 6
Rel slope position MA 2.0 0.11 1.5 3.0 1 6
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Variable
Stand
Type Mean

Standard Error 
of Mean . Minimum Maximum N

Tree age SL 307.1 22.8 169.8 432.0 1 0
Tree age GB 223.2 15.4 151.2 347.2 16
Tree age MA 99.9 6.3 70.8 158.6 16

Tree diameter SL 66.3 2.3 57.4 78.4 1 0
Tree diameter GB 71.1 2.2 55.0 87.2 1 6
Tree diameter MA 45.1 1.3 36.5 53.2 1 6

Tree height SL 30.6 1.3 23.9 39.0 1 0
Tree height GB 33.4 1.4 23.2 39.1 1 6
Tree height MA 22.7 0.86 18.7 28.6 1 6

Debris cover SL 10.0 4.3 41.7 13.2 1 0
Debris cover GB
Debris cover MA

Forb cover SL 16.5 1.8 7.2 23.3 1 0
Forb cover* GB 13.1 2.0 2.9 33.6 16
Forb cover* MA 12.6 2.0 3.2 27.7 1 6

*Not comparable to selectively logged sites due to differences in sampling methods.
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Variable
Stand
Tyoe Mean

Standard Error 
of Mean Minimum Maximum N

Grass cover SL 52.7 2.3 42.5 65.0 10
Grass cover* OB 21.0 2.0 5.9 33.6 16
Grass cover* MA 23.6 2.0 6.4 35.2 1 6

Sfirub cover SL 29.5 5.3 9.7 65.9 10
Stirub cover (sm)* OB 12.1 1.4 2.4 20.5 1 6
Shrub cover Og)* OB 7.2 1.2 2.0 17.8 16
Shrub cover (sm)* MA 9.3 1.6 0.80 21.9 1 6
Shrub cover (lg)* MA 3.4 0.64 0.00 9.3 1 6

Small tree cover SL 19.7 4.3 7.0 41.7 10
Small tree cover* OB 25.0 7.0 0.00 80.0 16
Small tree cover* MA 20.0 9.0 0.00 107.0 16

Total ground cover SL 75.2 3.4 60.0 95.0 10
Total ground cover OB
Total ground cover MA

‘Not comparable to selectively logged sites due to differences in sampling metfiods.



Table 2 - Description of variables (used in Tables 1 and 5) characterizing 
habitat on selectively logged, old-growth, and mature second-growth sites. 
Density measured per ha.

Variabie Description

Med logs (PlPO) Density of ponderosa pine iogs 20-50 cm dbh
Med logs (PSME) Density of Douglas-fir logs 20-50 cm dbh
Med logs Density of all logs 20-50 cm dbh

Lg logs (PlPO) Density of ponderosa pine logs >50cm dbh
Lg logs (PSME) Density of ponderosa pine log >50 cm dbh
Lg logs Density of all logs >50 cm dbh

Med snags (PlPO) Density of ponderosa pine snags 20-50 cm dbh
Med snags (PSME) Density of Douglas-fir snags 20-50 cm dbh
Med snags Density of ail snags 20-50 cm dbh

Lg snags (PlPO) Density of ponderosa pine snags >50 cm dbh
Lg snags (PSME) Density of Douglas-fir snags >50 cm dbh
Lg snags Density of all snags >50 cm dbh

Med trees (PlPO) Density of ponderosa pine trees 20-50 cm dbh
Med trees (PSME) Density of Douglas-fir trees 20-50 cm dbh
Med trees Density of all trees 20-50 cm dbh

Lg trees (PlPO) Density of ponderosa pine trees >50 cm dbh
Lg trees (PSME) Density of Douglas-fir trees >50 cm dbh
Lg trees Density of all trees >50 cm dbh

Med stumps (PlPO) Density of ponderosa pine stumps 20-50 cm dbh
Med stumps (PSME) Density of Douglas-fir stumps 20-50 cm dbh
Med stumps Density of all stumps 20-50 cm dbh

Lg stumps (PlPO) Density of ponderosa pine stumps >50 cm dbh
Lg stumps (PSME) Density of Douglas-fir stumps >50 cm dbh
Lg stumps Density of all stumps >50 cm dbh

Basal area Basal area per ha
Slope Slope (%)
Stand size Stand size (ha)
Stream distance Distance to nearest stream (m)
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Table 2 - (cont)

Variable Descriotion

Rel slope position Relative slope position: 1 = lower 1/3 of slope, 
2 = middle 1/3 of slope

Tree age Tree age (yrs)
Tree diameter Tree diameter (cm) at breast height
Tree height Tree height (m)

Debris cover % debris cover
Forb cover % forb cover
Grass cover % grass cover
Shrub cover % shrub cover
Shrub cover (sm) % cover of small shrubs
Shrub cover (k;) % cover of large shrubs
Small tree cover % cover of small trees (<20 cm dbh)
Total ground cover % total ground cover
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steep on mature second-growth than the other two stand types, a 

likely reason these sites were harvested.

Bird Species Richness

Bird species richness (BSR) did not differ statistically 

(P<0.05) among stand types either including all stands (F = .60; df * 

2, 39; P « .5701) or including only those stands containing five 

sampling points (F = .99; df « 2, 33; P « .39) (Table 3). Though not 

significant, BSR was slightly higher on selectively logged stands 

according to both analysis methods

Combined Abundance Patterns

The number of individual birds per point was significantly 

greater in mature second-growth stands than selectively logged 

sites (F = 4.07; df = 2,199; P = .0184). The number of individuals 

per point averaged 12.7 (range: 0.0 to 21.5) in mature second- 

growth stands, 11.6 (range: 0.0 to 21.5) in old-growth stands, and 

10.8 (range: 7.3 to 15.0) in selectively logged stands. Significant 

differences in combined abundance patterns were strongly 

influenced by a small number of ground gleaning species. For 

example, substantially greater numbers of evening grosbeaks, 

chipping sparrows, and dark-eyed juncos contributed to the 

statistically significant difference betweeen mature second- 

growth and selectively-logged stands. Stand types did not differ 

significantly when these three bird species were omitted from the 

analysis (F = .96; df = 2, 199; P = .3848). The brood parasitic

26

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



■o
I
I
%

C/)
CO
o'3

CD

8

c5'

3
CD

Cp.
3"
CD

O
Q.Ca
o
3
■o

CDQ.

■D
CD

CO
CO

Table 3 - Mean bird species richness (per site) in old-growth (OG), selectively logged (SL), 
and mature second-growth (MA) sites. P-values derived from ANOVA F test.

All sites:
OG _SL MA P-value

N 16 10 16
I  Mean BSR 28.16 29.90 28.31 .5701

Range 16 to 36 24 to 35 22 to 35

g. Sites with 5 sample points:
0 ^  SL MA P-value

N 15 6 15
Mean BSR 28.93 31.17 28.40 .3900
Range 23 to 36 24 to 35 22 to 35

N5
"sj



brown-headed cowbird also provided a large absolute difference in 

abundance between mature second-growth and selectively logged 

stands.

Abundance Patterns of Individual Species

Seventy species were recorded in the three stand types during 

the 1991 breeding season, and 39 species were found in all three 

stand types (Table 4). Bird count data was normally distributed in 

each stand type for fourteen species while data for the other 56 

species was non-normally distributed. I recorded a total of 53 bird 

species in selectively logged stands. On Hejl and Woods’ sites, 

fifty-two species were counted in mature second-growth and 48 in 

old-growth stands.

Fourteen species differed significantly (P<0.05) in abundance 

among the three stand types, while the remaining 56 did not (Table 

4). Based upon a subjective interpretation of bird species’ means 

it appeared that seven of the fourteen species were more abundant 

in selectively logged stands than at least one of the other two 

stand types: these included the pileated woodpecker, Hammond's 

flycatcheri, common raven (corvus corax), Swainson's thrush, 

solitary vireo {Vireo solitarius), Townsend's warbler, and red 

crossbill. Five of the fourteen species appeared significantly more 

abundant in old-growth stands than at least one of the other two

1 Undifferentiated Empidonax observations were classified as either Hammond's 

flycatcher or dusky flycatcher based upon proportions of positively identified birds 

within the stand type.
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Table 4 - Mean abundance (per point per site) of bird species In selectively 
logged (SL), old-growth (OG) and mature second-growth (MA) sites. P-values 
(significant P-value <0.05*) derived from the ANOVA F test (indicated by A) and 
Kruskal-Wallis H test (indicated by K).

Species SL OG MA P-value

Turkey vulture 0.01 0 .00 0 .0 0 .89 K
Sharp-shinned hawk 0 .0 3 0 .0 0 0.01 .22 K
Nortfiern goshawk 0.01 0 .00 0 .0 0 .94 K
Red-tailed hawk 0 .05 0 .03 0 .0 2 .63 K
American kestrel 0.01 0 .02 0 .0 0 .91 K
Blue grouse 0 .02 0.01 0 .0 0 .67 K
Ruffed grouse 0 .05 0 .0 7 0 .0 8 .90 K
Mourning dove 0 .0 6 0 .0 0 0 .0 0 .37 K
Flammulated owl 0 .0 0 0.01 0 .0 0 .94 K
Western screech owl 0 .0 0 0 .0 0 0.01 .94 K
Great horned owl 0 .0 2 0 .0 0 0 .0 0 .90 K
Common nighthawk 0 .02 0 .0 0 0 .0 0 .37 K
Calliope hummingbird 0.01 0 .0 0 0 .0 3 .91 K
Rufous hummingbird 0 .02 0 .0 0 0 .0 0 .64 K
Red-naped sapsucker 0 .02 0 .0 2 0 .0 0 .49 K
Williamson's sapsucker 0 .07 0 .05 0.01 .30 K
Hairy woodpecker 0 .0 7 0 .1 0 0 .0 8 .75 K
Three-toed woodpecker 0 .0 0 0.01 0 .0 0 .94 K
Black-backed woodpecker 0.01 0 .0 0 0 .0 0 .89 K
Northern flicker 0.11 0 .10 0 .03 .07 K
Pileated woodpecker 0 .1 0 0.11 0 .0 2 .02 K*
Olive-sided flycatcher 0 .0 0 0.01 0 .0 0 .60 K
Western wood-pewee 0 .0 2 0 .0 0 0 .0 7 .01 K *
Hammond's flycatcher^ 0-45 0 .3 9 0 .05 .00  K *
Dusky flycatcheri 0 .1 7 0 .1 5 0 .7 0 .03 A*
Gray jay 0 .15 0 .1 5 0 .0 8 .38 K
Stellar's jay 0.01 0.02 0 .0 2 .91 K
Clark's nutcracker 0 .0 2 0 .0 6 0 .1 3 .84 K
Black-billed magpie 0 .0 0 0 .0 0 0.01 .95 K
Common raven 0 .1 8 0 .0 4 0 .02 .00  K*
Black-capped chickadee 0 .0 8 0 .0 3 0 .1 4 .04 K *
Mountain chickadee 0 .3 9 0 .7 4 0 .6 0 .57  A

1 Undifferentiated Empidonax observations classified Hammond's Flycatcher or Dusky 
Flycatcher based upon proportions of positively Identified birds within each stand 

type.
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Table 4 - (cont)

Species SL OG MA P-value

Red-breasted nuthatch 1.06 1.29 1.20 .08 A
White-breasted nuthatch 0 .0 3 0 .0 4 0 .02 .54 K
Brown creeper 0.01 0 .0 3 0 .00 .58 K
Rock wren 0 .0 0 0 .0 0 0.01 .94 K
House wren 0 .0 0 0 .0 0 0 .02 .94 K
Winter wren 0 .0 0 0.01 0.01 .91 K
Golden-crowned kinglet 0 .0 4 0 .0 3 0 .00 .16 K
Ruby-crowned kinglet 0 .7 8 0 .6 9 0 .9 6 .33 A
Mountain bluebird 0.01 0 .0 0 0 .0 0 .81 K
Townsend's solitaire 0 .2 2 0 .4 0 0 .3 6 .48 A
Swainson's thrush 0 .3 6 0 .3 3 0 .0 8 .00 A*
Hermit thrush 0 .1 4 0 .1 6 0 .03 .54 K
American robin 0 .2 9 0 .4 2 0 .58 .04 A*
Varied thrush 0.01 0 .0 9 0 .0 0 .04 K ’
Cedar waxwing 0 .0 0 0 .0 0 0.01 .94 K
Solitary vireo 0 .4 3 0 .2 6 0.51 .02 A*
Warbling vireo 0 .0 8 0 .0 4 0 .15 .05 K *
Orange-crowned warbler 0 .0 9 0 .0 7 0 .0 4 .50 K
Nashville warbler 0 .0 3 0 .0 5 0 .04 .61 K
Yellow warbler 0 .0 0 0 .0 0 0.01 .74 K
Yellow-rumped warbler 0 .6 7 1.49 1.25 .41 A
Townsend's warbler 0 .3 4 0 .6 9 0 .0 9 .00  A*
MacGlllivray's warbler 0 .1 3 0 .0 8 0 .0 6 .17  K
Wilson's warbler 0 .0 0 0 .0 0 0 .0 8 .40  K
Western tanager 0 .8 5 0 .8 8 0 .99 .54 A
Black-headed grosbeak 0 .0 0 0 .0 0 0.01 .94  K
Lazuli bunting 0 .0 6 0 .0 7 0 .04 .52 K
Rufous-sided towhee 0.01 0 .0 3 0 .0 3 .87 K
Chipping sparrow 1.19 1.16 1.78 .07  A
Song sparrow 0 .0 0 0 .0 0 0.01 .94 K
Dark-eyed junco 0 .5 5 0 .7 0 0 .7 4 .27 A
Western meadowlark 0 .0 0 0 .0 0 0 .08 .40  K
Brown-headed cowbird 0 .1 4 0.01 0 .5 6 .00  K *
Pine grosbeak 0.01 0 .0 0 0 .0 0 .89 K
Cassln's finch 0 .1 4 0 .4 5 0 .15 .58 K
Red crossbill 0 .2 7 0 .0 3 0 .1 6 .00 K *
Pine siskin 0 .5 9 0 .4 8 0 .4 6 .99 A
Evening grosbeak 0.1 1 0 .1 4 0 .6 4 .17  K

30

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



stand types and seven of the fourteen species appeared 

significantly more abundant in mature second-growth stands than 

at least one of the other two stand types.

Of the twenty-three species found exclusively in one stand 

type, none had a statistically significant abundance pattern. The 

eight species appearing exclusively in selectively logged stands 

were the turkey vulture {Cathartes aura), northern goshawk 

{Accipiter gentilis), mourning dove {Zenaida macroura), great 

horned owl {Bubo virginianus), common nighthawk {Chordeiles 

minor), rufous hummingbird {Selasphorus rufus), black-backed 

woodpecker {Piçoides arcticus), and pine grosbeak {Pinlcola 

enudeator). Eleven species occurred exclusively in mature second- 

growth stands and five species in old-growth stands.

Species-habitat Associations in Selectively Logged Stands

The Cassln's finch was significantly associated with seven 

habitat variables, including three measures of cover; the hermit 

thrush with five habitat variables; the American robin and brown

headed cowbird with three independent variables each; the chipping 

sparrow, dark-eyed junco, dusky flycatcher, evening grosbeak, 

Hammond's flycatcher, MacGlllivray's warbler {Oporonis tolmiei), 

northern flicker, and red crossbill with two independent variables 

each; and the pileated woodpecker, ruby-crowned kinglet, solitary 

vireo, Swainson's thrush, Townsend's solitaire {Myadestes 

townsendi), and Townsend’s warbler with one habitat variable 

apiece (Table 5).
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Bird Species 
Variable

Habitat
Variable

Pearson
Statistic

Direction of 
Association

Northern flicker Shrub cover .0261 Positive
Northern flicker Total ground cover .0335 Positive
Pileated woodpecker Lg trees .0083 Positive
Hammond's flycatcher Rel slope position .0300 Low
Dusky flycatcher Tree diameter .0170 Negative
Dusky flycatcher Stand size .0221 Positive
Ruby-crowned kinglet Stand size .0360 Negative
Townsend's solitaire Forb cover .0359 Negative
Swainson's thrush Small tree cover .0150 Positive
Hermit thrush Lg snags .0021 Positive
Hermit thrush Total ground cover .0024 Positive
Hermit thrush Shrub cover .0073 Positive
Hermit thrush Stand size .0241 Negative
Hermit thrush Stream distance .0247 Positive
American robin Shrub cover .0013 Negative
American robin Total ground cover .0022 Negative
American robin Med stumps .0093 Positive
Solitary vireo Lg stumps .0176 Negative
Townsend's warbler Tree height .0156 Positive
MacGlllivray's warbler Stream distance .0365 Negative
MacGlllivray's warbler Grass cover .0438 Negative
Chipping sparrow Stand size .0003 Positive
Chipping sparrow Slope .0429 Positive
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Bird Species 
Variable

Habitat
Variable

Pearson
Statistic

Direction of 
Association

Dark-eyed junco Med logs .0013 Negative
Dark-eyed junco Med trees .0062 Negative
Brown-headed cowbird Small tree cover .0128 Positive
Brown-headed cowbird Stand size .0216 Negative
Brown-headed cowbird Stream distance .0227 Positive
Cassin’s finch Stand size .0000 Positive
Cassln's finch Stream distance .0018 Negative
Cassln's finch Site slope .0034 Positive
Cassln's finch Grass cover .0060 Negative
Cassln's finch Total ground cover .0197 Negative
Cassln's finch Tree age .0208 Negative
Red crossbill Med trees (PlPO) .0352 Positive
Evening grosbeak Lg stumps .0041 Negative
Evening grosbeak Shrub cover .0289 Negative



Stand size was associated with six bird species; shrub cover 

and stream distance with four bird species each; small tree cover 

and total ground cover with three bird species each; grass cover, 

large stump density, medium tree density and site slope with two 

bird species each; and forb cover, large snag density, large tree 

density, medium log density, medium tree density (PlPO), relative 

slope position, tree age, tree diameter and tree height with one 

bird species apiece.
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DISCUSSION

In this study, bird abundance for most species differed little 

between selectively logged and untreated ponderosa pine/Douglas- 

fir old-growth. Individual bird species abundance between the two 

older stand types and mature second-growth stands differed more 

dramatically. The Hammond's flycatcher, common raven, pileated 

woodpecker, Swainson's thrush, varied thrush, Townsend's warbler, 

and red crossbill demonstrated a strong association with older 

stand conditions. In contrast, many species, especially ground 

gleaners and some shrub/small-tree nesters show a strong, if less 

exclusive, association with the mature, second-growth stands.

The similiarity in individual bird species abundance between 

selectively logged and old-growth stands corresponds with the 

comparability of crucial vegetation variables between the two 

older stand types. Numbers of large snags and large trees were 

virtually the same on selectively logged and old-growth sites, 

though a greater number of ponderosa pine large snags and large 

trees existed on selectively logged sites (Table 1). Instead of 

creating sub-old-growth conditions, selective logging merely 

reduced the number of large trees to the minimal old-growth levels 

(Green et al. 1992) found in Hejl and Woods’ old-growth sites

The continued existence of key old-growth components in 

selectively logged stands especially benefited the pileated 

woodpecker and northern flicker. McClelland (1977) and Bull and
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