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ABSTRACT 

I studied breeding birds and vegetation in 6 largely pristine old-

growth ponderosa pine (Pinus ponderosa) stands and in 3 logged stands 

that just met the USDA Forest Service's minimum habitat quality standards 

for old-growth ponderosa pine. Bird populations were similar in all 

stands. However, brown creepers (Certhia omericona) and hermit thrushes 

(Cattarus quttotus) were low in abundance or absent in 2 of the minimum 

stands, yet were common in all other stands. Both species preferred 

cool, moist microenvironments for nesting and/or foraging; conditions 

that appeared lacking in the more xeric minimum stands. Both species are 

characteristic of boreal forests, which are cooler and wetter than 

ponderosa pine forests. I suggest that unlogged old-growth ponderosa 

pine forests create microhabi'tots that approximate conditions in more 

boreal forests. The minimum standards on drier sites appear inadequate 

in maintaining creeper and thrush habitat. Suggested modifications of 

the standards include, among others, canopy cover 2 50^. 
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INTRODUCTION 

Timber harvest is rapidly changing the structure and composition of 

forest vegetation in North America. Among the most dramatic changes is 

the reduction of forests that have developed over long periods of time 

essentially free of natural and human disturbance. These are known as 

"old-growth" forests (Franklin et al. 1981). Only 2-15# of the old-

growth forests that were present when European settlers first arrived in 

North America exist today (Thomas et al. 1988). Old-growth stands are 

harvested for 2 reasons: first, they yield large volumes of high quality 

wood. And, second, retaining old-growth stands uncut is often viewed by 

timber managers as economically unwise because the annual growth rate of 

the dominant trees is low and they will eventually succumb to senescence, 

disease, insects, and fire. For this reason, current silvicultural 

programs often favor the rapid replacement of old-growth stands with 

young, faster-growing stands. Under typical silvicultural regimes in 

managed forests, old growth conditions cannot redevelop. 

Old-growth forests are characterized as having greater diversity of 

structure and function than younger forests (Franklin et al. 1981, Thomas 

et al. 1988). There is concern among many biologists that forests 

dominated by young, managed stands will be unable to perform the same 

ecological functions as forests with a natural complement of old-growth 

stands (Franklin et al. 1981, Schoen et al. 1981, Maser and Trappe 198'f, 

Meehon et al. 1984). 



One important ecological function of old-growth is providing 

critical habitat for many species of wildlife. Both the northern spotted 

owl (Strix occidentalis caurina) in the Douglas-fir (Pseudotsugo 

menziesii) forests of the Pacific Northwest (Forsman et al. and 

the red-cockaded woodpecker (Picoides borealis) in the long-leaf pine 

(Pinus palustris) forests in the Southeast (US Fish and Wildlife Service 

1985) depend on old-growth for their survival. Many species of birds 

reach their greatest abundance in old-growth stands or utilize old-growth 

during some portion of their life cycle (Mannan et al. 1980, Mannon and 

Meslow ISS^f). The loss and fragmentation of old-growth forests has been 

Implicated in the population declines of the spotted owl and red-cockaded 

woodpecker and that of certain forest-interior birds (Subfamily 

Parulinae) of eastern North America (Whitcomb et al. 1981). The 

extirpation of the ivory-billed woodpecker (Campephilus principalis) from 

the southern United States is blamed on the near elimination of old-

growth cypress and bottomland hardwood stands (Dawson et al. 1986). 

In the United States, federal lows (Multiple-Use Sustained Yield 

Act, Notional Forest Management Act, Federal Land Policy and Monagement 

Act, National Environmental Policy Act, Endangered Species Act) mandate 

that forest managers on public lands (Notional Forest, Bureau of Land 

Management) retain enough old-growth so that associated wildlife and 

other ecological functions ore maintained. 

As a result of these mandates, biologists are being asked to 

identify standards for the conservation of old-growth forests and old-

growth associated species. These standards Include: a) the number of 



individuals of a given species needed to maintain a viable population 

(Franklin 1980, Shaffer 1985, Barrowclough and Coats 1985); b) the area 

of habitat required to support o viable population of a single species 

(Shaffer and Samsom 1985, Shaffer 1985, Forsman and Meslow 1985, Soule 

1986), or the entire species complement of a functional ecosystem (Harris 

198<f); and c) the levels of various habitat components (e.g., potential 

nest sites) required to sustain a population of a single species or that 

of a group of species (Conner 1979, Thomas et al. 1979). These standards 

are sometimes identified at minimum levels to accommodate maximum levels 

of timber harvest (Thomas et al. 1979, Oregon-Washington Interagency 

Wildlife Committee 1980). 

Stands dominated by southwestern ponderosa pine (Pinus ponderoso) 

occupy nearly 11 million acres in Arizona, Colorado, New Mexico and Utah 

(Schubert 197'f). The first European explorers in central and northern 

Arizona described vast park-like forests of large ponderosa pine trees 

with open understories (E. Beale, quoted in Bell 1870, Rasmussen 19«f1). 

Today, most of Arizona's original old-growth ponderosa pine forests have 

been harvested, with remaining tracts occurring primarily on the Koibab 

Plateau, in the White Mountains, and in isolated mountain ranges in the 

southeastern part of the state. Most of the remaining old-growth pine 

stands have a well-developed understory of one or more age and size 

classes of trees. This change in forest structure is thought to be the 

result of fire suppression by man during the last half-century (Cooper 

1960, Schubert . Previously, frequent light surface wildfires 



limited the growth of understory trees and the accumulation of downed 

woody material (Cooper 1960). 

In 1985, the U.S. Forest Service developed minimum habitat quality 

standards for old-growth ponderosa pine forests in the Southwest. The 

standards were based, in part, on the habitat requirements of the pygmy 

nuthatch (Sitto pyqmaea) and other species of birds that were identified 

as being indicators of lightly cut to uncut old-growth ponderosa pine 

forest (Szaro and Balda 1982). Also considered were the characteristics 

of existing old-growth stands such as those on research natural areas 

maintained by the Forest Service. 

Current management plans for national forests in the Southwest call 

for retaining varying amounts of old-growth forest. The management plan 

for the Kaibab National Forest, for instance, calls for conserving 155f of 

the total forested area to meet or exceed the minimum old-growth 

standards. Many of the existing stands have received some form of 

intermediate timber harvest, with the residual stands often fulfilling 

the minimum old-growth standards. As younger stands mature and reach 

the minimum standards, they could be Included in the total old-growth 

acreage. 

At present, the minimum standards for old-growth ponderosa pine hove 

not been tested in the field to Judge their effectiveness in maintaining 

pygmy nuthatches or other old-growth associated species at desired 

population levels. Identification of the bird species associated with 

more pristine old-growth conditions, and evaluation of the efficacy of 

the minimum standards in maintaining these species, would facilitate 



management of the old-growth ponderoso pine resource in the Southwest. 

Also, it is unknown whether an open understory structure or a high 

vertical diversity structure best maintains old-growth associated species 

and the highest overall species diversity. 

The objectives of my study were: 

1} to ascertain whether stands that Just meet the minimum standards for 

old-growth ponderosa pine support the same species as more pristine 

stands. 

2) to quantitatively end qualitatively describe the structure and 

composition of vegetation utilized by those species associated with 

more pristine old-growth conditions when they nest and forage. 

3) to evaluate whether stands with low vertical diversity or those with 

high vertical diversity best meet the habitat requirements of those 

species associated with old-growth ponderosa pine habitat. 
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STUDY AREA 

The Kaibab Plateau, Coconino County, in northern Arizona, is one of 

the few block plateaus that is bounded on all sides by escarpments or 

slopes (Rosmussen 1941). The abrupt descent in elevation from the 

Plateau results in an island of coniferous forest surrounded by more 

desertic vegetation types. The Plateau contains relatively pure 

ponderosa pine stands at 6,800-8,200 feet elevation, with pinyon-juniper 

(Plnus edulls-Junlperus spp.) associations below this elevation, and 

mlxed-conlfer associations of spruce (Picea spp.), true fir (Abies spp.), 

Douglas-fir, quaking aspen (Populus tremuloides) and ponderosa pine found 

above. 

Nine old-growth ponderosa pine stands were selected on the Kaibab 

Plateau in 1985 and 1986 to represent 3 different old-growth forest 

habitats. Three stands of each habitat were chosen. Six stands were 

on the North Kaibab Ranger District, Kaibab Notional Forest, and 3 were 

in the Grand Canyon National Park (North Rim). 

Low vertical diversity, high vertical diversity, and minimum habitat 

quality stands, hereafter called open, dense and minimum respectively, 

were chosen to meet the following general criteria: 

1) Open — Relatively pristine ponderosa pine stands with numerous 

large (20+ Inches dbh [diameter at breast height]) overstory trees 

and few understory trees, total basal area >150 ft^ per acre. 

2) Dense — Relatively pristine ponderosa pine stands with numerous 

large (20+ inches dbh) overstory trees and numerous understory 

trees, total basal area >150 ft^ per acre. 
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3) Minimum — Ponderosa pine stands with approximately 1'^ large (20+ 

inches dbh) trees per acre, total basal area about 90 ft^ per acre. 

The open stands were chosen to represent the historic structure of 

old-growth ponderosa pine forests in Arizona. Today, uncut stands with 

this structure are rare due to fire suppression. Dense stands dominate 

the remaining uncut old-growth ponderosa pine stands in the state. 

Stands that approximately meet the minimum standards are common on the 

North Kaibab Ranger District. Most of these "minimum" stands have 

received some form of intermediate harvest. In the minimum stands I 

examined, about ^0% of the overstory trees (those inches dbh) hod 

been removed. 

The stands ranged in elevation from 7,300-8,200 feet and were at 

least 50 acres in size. Eight of the 9 stands were relatively flat with 

some shollow drainages. The ninth stand was located on two parallel 

ridges that flanked a deep wooded ravine. Five of the 9 stands had 

slight northern aspects, with the remaining stands having southern or 

western aspects. All sites, with the exception of small (0.5 acre) 

patches, were in the ponderosa pine/mountain muhly (Muhlenbergia montono) 

habitat type. Five stands (3 dense, 1 open and 1 minimum) hod 2-'f small 

patches of mixed aspen-pine. Three stands had small drainages or slopes 

with an understory of Gambel's oak (Quercus gambelii). New Mexico locust 

(Robinia neomexicana) and Utah Juniper (Juniperus osteospermo). The 

stand with the highest elevation (8,200 feet) had small areas in the 

wetter white fir (Abies concolor)/Oregon grope (Berberis repens) habitat 



type. These patches had old-growth ponderosa pine in the overstory and 

white fir, aspen and ponderosa pine in the understory. 

One open stand had been selectively logged on about kOil> of its 

acreage in the 1960's and 1970's. Logging occurred primarily on flat 

ridge tops and removed some of the largest trees and snags. In 2 of the 

dense stands, less than 17?^ of the acreage had received an intermediate 

cut, involving thinning of overstory and unde-story in the early 1980's. 

The remaining 2 open stands and 1 dense stand had never been logged. 

Two of the minimum stands had received a thinning of overstory and 

understory on their entire area in 198if. The third minimum stand had 

been cut on its entire acreage in 1985 in a dwarf mistletoe (Arceuthobium 

vaqinatum) sanitation/salvage operation. Dominant trees in all sites 

were over 200 years old, with a few trees estimated at 500 years of age 

(pers. commun., William Moir, USDA Forest Service, Regional Ecologist). 

Permanent weather stations were located on the Kaibab Plateau at 

Jacob Lake (7,827 feet elevation), Kaibab National Forest, ond Bright 

Angel (8,400 feet elevation). Grand Canyon National Park. Summer daytime 

temperatures are fairly high and annual precipitation is variable. The 

average high temperature in June (1982-1987) at Jacob Lake was 75.4°F. 

The average high temperature in June (1978-1987) at Bright Angel was 

72.9°F. Mean annual precipitation at Jacobs Lake (1982-1986) was 

2'f.78 inches, ranging from IS.'f'f to 31.91 Inches. Mean annual 

precipitation at Bright Angel (1978-1986) was 29.70 inches, ranging from 

22.38 to 45.03 inches. Both 1986 and 1987 were relatively dry years on 

the Kaibab Plateau with mild winters of little snowfall, and below normal 
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summer rains (total precipitation 1986: Jacob Lake 15.4'^ inches, Bright 

Angel 22.38 Inches; data for 1987 was not complete). 
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METHODS 

Measurement and Analysis of Veqetotion 

Fifteen sampling points were established in each stand by a modified 

randomization procedure, and vegetation around each point measured. 

Points were spaced at least 262.5 feet (80 m) a part. 

All living trees over 1 inch dbh were sampled in 0.12 acre (0.05 ha) 

circular plots centered on the points (Mueller-Dumbois and Ellenberg 

ISy^). Species, dbh, and height were recorded for each tree. Basal area 

around each point was calculated by summing the area of each tree 

sampled. Foliage volume of each tree was estimated using the technique of 

Sturman (1968). 

Standing dead trees (hereafter referred to as snogs) over 4 inches 

dbh and over 15 feet toll, and logs over 12 inches in diameter and over 

16 feet long were sampled in 1.2 acre (0.5 ha) circular plots also 

centered on the points. Snog characteristics (presence of top, percent 

bark cover, and presence of limbs) were described using methods of Cline 

et al. (1980). 

Canopy and ground cover were estimated along c "+" centered on each 

point. The arms of the were 50 feet in length. Canopy cover was 

estimated with a densiometer (Strickler 1959). An estimate of canopy 

cover was token at the point and 3 estimates were taken along each arm, 

every 16.5 feet. The 13 estimates were averaged for each point. Percent 

shrub cover was measured at each point using the line intercept method 

(Canfield 19'»1). Percent cover of grasses (including sedges), forbs, and 

slosh (woody material on the ground) were visually estimated in 12 
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rectangular plots, 8 inches by 16 inches (Mueller-Dumbois and Ellenberg 

IST'f). The rectangular plots were located 3 to a arm of the 1 every 

16.5 feet. Twenty-three variables describing the structure and 

composition of vegetation were generated at each point from the above 

measurements (Table 1). 

Discriminant function analysis (Klecka 1975) was used to determine 

the vegetation characteristics that best separated the 3 forest habitats. 

The 1*5 random vegetation points in each habitat were combined for this 

analysis. If any two variables were highly correlated (r = 0.75), one 

was excluded from the analysis. Variables that measured tree species 

that occurred in less than 5S< of the random points (i.e., aspen or white 

fir) were also excluded. Before entry into the discriminant analysis, 

proportions were transformed using the orcsin transformation (arcsin 

yproportions) and densities were transformed using the square root 

transformation ( V density + 0.5) (Sokal and Rohlf 1969). The computer 

program SPSS was employed (Nie et al. 1975). 

Classification of Microenvironments 

Along with the 15 vegetation points, an additional 60 points were 

established in each stand, using a modified randomization procedure. The 

75 points, spaced at least 16<f feet (50 m) apart, were used to estimate 

the availability of microenvironments. For this purpose, the area within 

a radius of 82 feet (25 m) of each sampling point was classified into the 

following categories: (1) Ponderoso pine or mixed tree species — The 

site was classified as a mixed tree species site (e.g., pine-aspen) if 
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Table 1. Description of variables characterizing the structure and 
composition of vegetation at random sites in open, dense, and minimum 
old-growth ponderosa pine forests, northern Arizona. 

Abbreviation Description 

BA Basal area (ft^ per acre) 

TDO Density^ of ponderosa pine trees in size class 0 
(<1 inch dbh'') 

TD1 Density" of ponderosa pine trees in size class 1 
(1-3.9 inches dbh) 

TD2 Density® of ponderosa pine trees in size class 2 
('f-IS.S inches dbh) 

TD3 Density" of ponderosa pine trees in size class 3 
(14-19.9 inches dbh) 

TD4 Density" of ponderosa pine trees in size doss 4 
(20+ inches dbh) 

TD5 Density" of ponderosa pine trees in size class 5 
(30+ inches dbh) 

SD2 Density" of ponderosa pine snags in size class 2 

SD3 Density" of ponderosa pine snags in size class 3 

SD4 Density" of ponderosa pine snogs in size class 4 

SD5 Density" of ponderosa pine snogs in size class 5 

DPIPO Density" of ponderosa pine trees 23 inches dbh 

DPOTR Density" of quaking aspen trees >^5 inches dbh 

DABCO Density" of white fir trees ̂ 5 inches dbh 

CC Percent conopy cover 

CVPIPO 1 Canopy volume of ponderosa pine (ft') below 16 
feet 
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Table 1. continued 

Abbreviation Description 

CVPIPO 2 Canopy volume of ponderosa pine (ft') 
33 feet 

between 17-

CVPIPO 3 Canopy volume of ponderosa pine (ft') 
50 feet 

between 34-

CVPIPO h Canopy volume of ponderosa pine (ft') 
feet 

above 50 

LOGS Density*^ of logs ̂  16 ft. in length and >^12 
in. in diameter 

GRASSC Percent grass and sedge cover 

FORBC Percent forb cover 

SLASHC Percent cover of downed woody material 

° Number per 0.12 acres (0.05 ha). 

dbh = diameter at breast height. 

^ Number per 1.2 acres (0.5 ha). 



220 stems of a species other than ponderosa pine were present. (2) High 

or low vertical diversity — Ponderosa pine sites were classified as 

having high vertical density (i.e., being dense) if of the total 

trees present were in the understory (size classes 1 and 2; see Table 1). 

Ponderosa pine sites were classified as having low vertical diversity 

(i.e., being open) if >50Sf of the total trees present were in the 

overstory (size classes 3 and see Table 1). If "dog-hair" thickets of 

pine trees <1 inch dbh were present, and they covered <255^ of the 

microsite, the site was still considered open. (3) Sloped or flat.— 

Microsites were classified as sloped if the slope at the random point was 

>^8?^. Sites with slopes of <8% were classified as flat. 

A total of 16 microenvironments were identified in the 9 stands 

(Table 2). Each microsite was further designated as logged or unlogged, 

and mesic or xeric. Microsite were designated as logged if ̂ 5 overstory 

trees (size class 3 and k; see Table 1) had been removed. Sites with <5 

overstory trees removed were considered unlogged. Microsites were 

designated as mesic if they met 3 of the following criteria: a) presence 

of aspen, white fir or Douglas-fir; b) slopes >6%-, c) north or east 

aspect; and d) the presence of the mesophytic forbs; bracken fern 

(Pteridium aauilinium). hemlock (Conium maculatum). solomon seal 

(Smilacino spp.) or geranium (Geranium caespitosum. G. richordsoni). 

Microsites that met less than 3 of these criteria were designated as 

xeric. Temperature and relative humidity were measured at most 

microsites (see Appendix A). 
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Table 2. Descriptions of microenvironments Identified in old-growth 
ponderoso pine forests, northern Arizona. 

Abbreviation Description 

OOF Open old-growth flat. Ponderosa pine stand with 
little or no slope or located on a ridgetop. Most 
trees are 14 inches dbh and represent one 
dominant height class. 

OOR Open old-growth ravine. Forest as in OOF but 
located in ravine, slope, or basin. 

DOF Dense old-growth flat. Ponderosa pine stand with 
little or no slope or located on a ridgetop. Most 
trees ore < 14 inches dbh, and represent 2 or more 
dominant height classes. 

DOR Dense old-growth ravine. Forest as in DOF but in 
ravine, slope, or basin. 

PAF Pine-aspen flat. Mixed forest with little or no 
slope or located on a ridgetop. Typically aspen 
is regenerating under larger aspens and pines. 

PAR Pine-Aspen ravine. Forest as in PAF but in ravine, 
slope, or basin. 

PDF Pine-oak flat. Overstory of old-growth ponderosa 
pine with dense understory of gambel's oak in area 
with little or no slope, or on a ridgetop. Stand 
may also contain New Mexico locust and juniper. 

PGR Pine-oak ravine. Forest as in POF, but in ravine 
or on a slope. 

PFF Pine-fir flat. Overstory of old-growth ponderosa 
pine with dense understory of white fir and pine 
in area with little slope or on a ridgetop. 
Generally contains some aspen, either in the 
overstory or understory and occasionally overstory 
white fir. 

PFR Pine-fir ravine. Forest as in PFF, but in 
ravine, slope, or basin. 
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Table 2. continued 

Abbreviation Description 

PJF Pine-.luniper flat. Widely spaced overstory of 
old-growth ponderosa pine with Juniper, gambel's 
oak and New Mexico locust and occasionally pinyon 
pine in the understory; in area of little slope. 

PJR Pine-.luniper ravine. Forest as in PJF but in 
ravine or on a slope. 

PLF Pine-locust flat or ravine. Overstory old-growth 
PLR ponderosa pine with New Mexico locust understory. 

SAWF Sowlog flat or ravine. Immature and near mature 
SAWR ponderosa pine trees, either unthinned or thinned, 

SEED Seedtree or shelterwood cuts. Widely spaced old-
growth ponderosa pine trees left to provide seed 
and shelter to regenerating stand. Generally 
little understory present. 

CLR Clearings. Small openings surrounded by forest of 
various types. Ground cover of grass, sedge, 
lupine, and other forbs. 
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Measurement and Analysis of Bird Populotlons 

The variable circular plot method (Reynolds et al. 1980) was used to 

survey all birds except woodpeckers and raptors. The first 10 points 

established in each stand in 1985 and 1986 served as survey stations. 

Starting at sunrise, distances to all birds detected were recorded for 8 

minutes at each station in 1 stand. Each morning survey lasted 2.5-3 

hours. In 1986, each stand was visited k times between 13 May and 20 

June. In 1987, each stand was visited 5 times between 17 May and 4 July. 

The 9 stands were visited so that over a 3-day period, birds in each of 

the 3 habitats were surveyed. Each stand was visited once every 9-13 

days. 

Inflection points for all species surveyed by the variable circular 

plot method were determined by the method described by Reynolds et al. 

(1980). For species with fewer than kO observations in a single forest 

habitat, sightings were pooled for all forest habitats before inflection 

points were determined. If even after pooling there were less than 40 

observations, then inflection points were arbitrarily set at 164 feet (50 

m). Only territorial males were used in the analyses if sex could be 

ascertained. Estimated densities of territorial males were doubled to 

obtain estimates of total densities. For species in ii^hich sex could not 

be distinguished, the total number of birds detected Inside the 

inflection distance was used. 

Woodpeckers and diurnal raptors were surveyed using a combination of 

the spot-mapping and nest location methods (Williams 1936, Bull and 

Meslow 1977). Owls were surveyed on 2 evenings in eoch stand between 25 
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May and 25 June, 1986 and between 19 Nay and 28 June, 1987. The surveys 

consisted of playing taped calls of all potential species at 5 or more 

survey points and recording the species that responded (Johnson et al. 

1981). 

Measurement of Nesting and Foraging Habitat for Selected Species 

Selected species were observed to ascertain the vegetation they used 

when nesting and foraging. Structure and composition of vegetation 

around nests were measured as described earlier for the random vegetation 

points. Circular plots were centered directly below the nests. 

Important features of the structure supporting the nest (e.g., species, 

dbh, tree height, nest height) were noted. Nest sites were entered into 

the discriminant function analysis, and each nest site was classified to 

forest habitat (open, dense, minimum) by its unstandardlzed discriminant 

score. Nest sites also were classified to mlcroenvironment. Information 

about the living trees and snags used by all cavity-nesting birds was 

olso recorded (see Appendix B). 

Foraging behavior of selected species was quantified by following 

individuals and recording information about their activities every 15 

seconds for up to 1 hour; however most observation periods were £5 

minutes in duration (Landres and MacMahon 1980). Information recorded at 

each Interval included the activity of the bird, a description of the 

mlcroenvironment in a 82 foot (25 m) radius around the bird, the 

substrate upon which the activity took place, and when possible, the 

position and height of the bird. The percentage of total foraging 

observations were calculated for substrates (e.g. ponderosa pine trees of 
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various size classes) and microenvironments, and were compared to the 

percent availability of those habitat components and conditions. 
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RESULTS 

Vegetation 

To determine whether stands that Just meet the minimum old-growth 

criteria supported the some species of birds as more pristine old-growth 

stands, it was necessary to locate stands that met the standards but did 

not greatly exceed them. My measurements of the vegetation on the three 

minimum stands indicated that on average the stands selected met all but 

one of the defined criteria (Table 3). The average number of snags 

inches dbh in the minimum stands was below the defined value. It should 

be noted that only the open stands met the standard for snag density. 

One assumption that was made at the beginning of this study Is that 

there are measurable differences in the structure of vegetation among the 

3 old-growth habitats (Table k). Two linear functions generated from 

the discriminant function analysis of the measured variables successfully 

separated the 3 habitats (Table 5, Fig. 1). The first function was a 

linear combination of percent canopy cover, basal area, and density of 

large trees (>^20 inches dbh) (Table 5, Fig. 1). This function 

effectively distinguished the open and dense sites from the minimum 

sites. The second function was a linear combination of the percent 

grass/sedge cover and the density of small ponderosa pine trees (1-3.9 

inches dbh) (Table 5, Fig. 1). This function primarily distinguished the 

open sites from the dense sites. The first function accounts for of 

the explained variation among sites (Table 5). 

The discriminating power of the linear functions was generally high 

(Table 6). Minimum sites were correctly identified in 88.9S< of the 
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Table 3. Comparison of the US Forest Service's minimum criteria for old-
growth ponderosa pine forests and the overage characteristics In 3 
selected "minimum" old-growth ponderosa pine stands, northern Arizona. 

Variable 

Defined 
minimum 
value 

Minimum 
old-growth 

s t a n d s  ( n  =  k 5 )  

BA (total ft2/acre) 

Number of trees/acre 
> 20 in. dbh° 

90 

n 

99 

Number of snags/acre 
2 14 inches dbh and 
> 15 feet tall 

1.8 1 . 2  

Number of logs/acre 
_> 12 in. in diameter, 
and 2 1® long 

2.0 3.5 

° dbh = diameter at breast height. 
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Table 4. Descriptive statistics of variables that characterize the 
vegetation in open, dense and tninlmum old-growth ponderosa pine stands, 
northern Arizona. 

Open Dense Minimum 
(n » k 5 )  (n = 45) (n = 45) 

X X X 
Variable° (SO) (SD) (SD) 

BA 186 200 99 
(69./f) (63.1) (50.8) 

TDO 18.3 36.2 29.8 
(36.9) (59.8) (40.3) 

TD1 5.3 13.7 2.0 
(19.3) (19.4) (3.3) 

TD2 5.9 8.6 5.8 
(7.1) (7.4) (5.5) 

TD3 3.3 2.7 2.3 
(3.2) (2.4) (2.1) 

TD4 4.1 3.1 1.6 
(Z.'f) (2.4) (1.6) 

TD5 0.2 0.8 0.2 
i O . k )  (1.0) (0.5) 

TDk+5*^ 3.9 1 .8 
(2.3) (2.2) (1.6) 

SD2 2.0 2.5 2.8 
(2.1) (2.2) (2.8) 

SD3 0.9 0.7 0.9 
(1.0) (1.0) (1.0) 

SDk 0.9 1.0 0.5 
(1.0) (1.1) (0.9) 

SD5 O./f 0.3 0.1 
(0.8) (0.9) (0.3) 

SDtt+5<^ 1.3 1.3 0.6 
(1.4) (1.6) (1.0) 
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Table h. continued 

Variable^ 

Open 
(n = 45) 

Dense 
(n = 45) 

Minimum 
(n = 45) 

Variable^ 
X 

(SD) 
X 

(SD) 
X 

(SD) 

DPIPO 18.7 27.5 11 .8 
(23.9) (21.2) (6.3) 

DPOTR 0 0.5 0.5 
(4.6) (3.1) 

DABCO 0.1 0.8 0 
(0.2) (3.9) 

CC 63 67 42 
(10.3) (10.0) (12.7) 

CVPIPO 1 133 147 112 
(277) (171) (109) 

CVPIPO 2 616 766 452 
(472) (707) (382) 

CVPIPO 3 1232 1460 735 
(711) (1047) (476) 

CVPIPO 4 2611 3556 1484 
(1792) (2821) (1551) 

LOGS 6.9 4.6 4.2 
(5.4) (3.1) (2.8) 

GRASSC 4.2 7.3 8.8 
(4.0) (6.0) (6.3) 

FORBC 5.5 10.4 4.6 
(6.4) (11.3) (5.6) 

SLASHC 11.3 10.5 14.4 
(5.9) (6.5) (8.7) 

° For description of abbreviations, see Table 1. 

Trees in size classes 4 ond 5 were summed. 

^ Snags in size classes 4 and 5 were summed. 
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Table 5. Summary of the discriminant function analysis of open, dense, 
and minimum old-growth ponderoso pine sites, northern Arizona. 

Function Variable® 
Correlation 
coefficient'' 

Percent 
of 

variation 
Chi-square 

value 

CC 

BA 

TD^^ + 5 

0.71 

0.52 

0.39 

74 199.0; P<0.0001 

6RASSC 

TD1 

O.itZ 

0.35 

26 65.1; P<0.0001 

° For description of abbreviations, see Table 1. 

I' The pooled-within-group correlation coefficients between the 
discriminating variables and discriminant functions were used to index 
relative separating power. 
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Table 6. Classification, based on discriminate scores, of random sites 
in open, dense, and minimum old-growth ponderosa pine forests, northern 
Arizona. 

Percent of correct 
classifications based on 
discriminant scores 

Number 
Habitat of sites Open Dense Minimum 

Open kS 82.2 13.3 
(37)° (6) (2) 

Dense 1*5 20.0 71.1 8.9 
(9) (32) (4) 

Minimum 1*5 6.7 88.9 
(3) (2) ('^o) 

° Number of sites correctly classified in parentheses. 
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cases. The functions were slightly less successful in distinguishing the 

open and dense sites (82.2^ and 71.1  ̂ of the sites correctly classified, 

respectively) because these stands had a fairly heterogeneous understory 

structure. All dense stands contained small areas that resembled open 

sites, and vice versa (Fig. 1). 

Profiles of canopy volume of ponderosa pine foliage provide a 

graphical representation of the differences in the vertical structure of 

vegetation among the old-growth habitats. Open and dense stands were 

most similar in their canopy profiles, and differed markedly from the 

minimum stands (Fig. 2). The minimum stands averaged pine foliage 

volumes that were 53.15^ less than the dense stands, and 39.4^ less than 

the open stands (Fig. 2, Appendix C). 

The 3 dense sites and one of the minimum sites were the most mesic 

stands (Tt .0^ of stand classified as mesic). All other stands were 

relatively xeric (0-5.35^ of stand classified as mesic). 

Measurements of temperature and relative humidity (Appendix A) 

indicated that unlogged pure pine mlcroenvironments, on north and east 

facing slopes or ravines, with dense ponderosa pine understories, or 

sites with mixed pine-ospen tended to be the coolest sites. The most 

humid areas tended to be similar to those that were relatively cool. 

Logged, south or west-facing slopes or ravines with open understories 

tended to be the warmest and least humid microenvironments. 

Bird Populations 

The number of species in the 3 old-growth habitats was approximately 

the same, but in both years the dense stands supported the most 
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individuals, despite inter-year variation (Table 7). The greater 

abundance of birds in the dense stands was due largely to the presence of 

high numbers of warbling vireos, violet-green swallows, western wood-

pewees and Williamson's sapsuckers (see Table 7 for scientific names). 

These four species were closely associated with the small groves of mixed 

pine-aspen. When the densities of these four species, averaged over 2 

years, are removed from the average total densities in each habitat, 

differences among the habitats are much reduced (open 532.8, dense 5'f7.3, 

and minimum 520.7). 

The species of birds supported by the 3 habitats were very similar. 

Among the most common species were the Grace's warbler, yellow-rumped 

warbler, and dark-eyed Junco. These species represented k7.5%, .2% and 

'f3.5^ of the individuals in the open, dense and minimum stands, 

respectively (densities were averaged over the 2 years). There were 

species, however, that were not equally abundant in all the old-growth 

habitats. Three-toed woodpeckers were usually encountered only in dense 

stands. Brown creepers and hermit thrushes were relatively common in all 

the open and dense stonds and one of the minimum stonds, but were low in 

abundance or absent in the other two minimum stands (Table 7). Northern 

goshawks and northern sow-whet owls were more often encountered in the 

dense and open stands, than in the minimum stands. In contrast, western 

bluebirds and chipping sparrows were more abundant in the minimum stands 

than In either the open or dense stands. The pygmy nuthatch, utilized by 

the Forest Service as on indicator of old-growth ponderosa pine habitat, 

was common in all stands (Table 7). A few species hod patterns of 
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Table 7. Abundance of breeding birds in open, dense, and minimum old-
growth ponderosa pine stands in northern Arizona, 1986-1987. 

turkey vulture 
(Cathartes aura) 

sharp-shinned hawk 
(Acciplter striatus) 

northern goshawk 
(Acciplter qentllis) 

red-tailed hawk 
(Buteo .lomaicensis) 

American kestrel 
(Falco sparverius) 

blue grouse 
(Dendroqapus obscurus) 

wild turkey 
(Meleaqris qollopavo) 

bond-tailed pigeon 
(Columbo fosclato) 

mourning dove 
(Zenoido mocroura) 

flammuloted owl 
(Otus flommeolus) 

great-horned owl 
(Bubo virqinianus) 

northern pygmy owl 
(Glaucidium qnoma) 

long-eared owl 
(Aslo otus) 

Density" 

Open Dense Minimum 

1986/87 1986/87 1986/87 

+2/+2'' +3/+3 +2/+2 

+ 1/+I +2/+2 0/+-I 

+2/+I +3/+3 +1/+I 

+2/+3 +2/+2 +1/+I 

+1/+I O/+1 +1/+2 

+2/0 +1/+1 0/0 

+1/+2 +1/+1 0/0 

+1/0 +2/0 0/0 

0.6/6.if 3.7/2.1 2.7/2.6 

+2/0 +3/+2 +1/0 

+1/0 +1/0 +2/+3 

+1/0 0/0 0/0 

O/+1 O/+1 0/0 
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Table 7. continued 

Density" 

Open Dense Minimum 

1986/87 1986/87 1986/87 

northern saw-whet owl +3/+2 "•'iZ+Z +i/0 
(Aeqolius acadicus) 

commom nighthawk 0/0 +i/0 0/0 
(Chordeiles minor) 

common poorwill +1/+I 0/0 0/0 
(Phalaenoptilus nuttallii) 

white-throated swift +1/+I +1/+I +1/+I 
(Aeronautes saxatalis) 

broad-tailed hummingbird 55.2/52.6 17.0/11.0 34.0/35.6 
(Selasphorus plotvcercus) 

acorn woodpecker +1/+I 0/0 0/0 
(Melanerpes formiclvorus) 

Williamson's sopsucker 1.62/3.22 15.3/12.8 2.8i/5.7i 
(Sphyrapicus thyroideus) 

hairy woodpecker 7.1/8.7 10.6/14.6 11.2/11.2 
(Plcoides villosus) 

three-toed woodpecker 0/+i 5.72/3.32 +1/0 
(Plcoides tridactylus) 

northern flicker 6.32/10.3 13.0/20.3 13.4/18.4 
(Colaptes auratus) 

olive-sided flycatcher 0/0 +1/+1 +1/+2 

(Contopus boreolis) 

western wood-pewee 0.5/1.7 14.1/20.4 9.6/5.9 
(Contopus sordldulus) 

western flycatcher 0/0 0/+i 0/0 
(Empidonox dlfficilis) 
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Table 7. continued 

Density^ 

Open Dense Minimum 

1986/87 1986/87 1986/87 

violet-green swallow 
(Tachycineta tholossina) 

Steller's jay 
(Cyonocitto stelleri) 

Clark's nutcracker 
(Nucifroqa columbiana) 

common raven 
(Corvus corax) 

mountain chickadee 
(Parus qombeli) 

white-breasted nuthatch 
(Sitta corolinensis) 

pygmy nuthatch 
(Sitta pygmoeo) 

brown creeper 
(Certhlo americana) 

house wren 
(Troglodytes oedon) 

western bluebird 
(Sialia mexicana) 

Townsend's solitaire 
(Myodestes townsendl) 

hermit thrush 
(Cotharus quttatus) 

American robin 
(Turdus mlorotorius) 

1.6/0.9 33.0/50.2 

4.3/3.5 

+/+ 

+/0.8 

+1/7.2 

6 . 0 / 8 . 2  

0.7/0 

6.4/+1 

2.8/3.4 

+/0.8 

+ /+  

8 .2 /21 .8  

4.0/5.6 

25.5/38.2 23.3/39.9 

5.2/8.1 

4.2I/3.42 

5.7/10.0 10.4/7.0 

13.0/11.7 

4.6/4.6 

+/0.8 

1.1/2.5 

2.4/6.0 

5.0/5.8 

19.5/20.8 

13.8/27.2 36.1/30.6 8.5i/11.9 

6.9/11.0 

14.5/14.9 14.9/16.9 35.2/24.2 

+ 1/+I 

9.4/11.2 11.6/11.6 5.2i/4.8i 

9.4/6.8 
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Density^ 

Open Dense Minimum 

1986/87 1986/87 1986/87 

solitary vireo 
(Vlreo solitarius) 

warbling vireo 
(Vireo gilvus) 

Virginia's warbler 
(Vermivora virqiniae) 

yellow-rumped warbler 
(Dendroica coronata) 

Grace's warbler 
(Dendroica qraciae) 

western tanager 
(Pironqa ludoviciana) 

black-headed grosbeak 
(Pheucticus melanocepholus) 

chipping sparrow 
(Spizella passerina) 

dork-eyed Junco 
(Junco hyemalis) 

brown-headed cowbird 
(Molothrus oter) 

Cassin's finch 
(Corpodocus cassinii) 

red crossbill 
(Loxia curvlrostra) 

pine siskin 
(Corduelis pinus) 

^2.2|Zl^.k 22.3/«.0 

+2/+2 

2 . 1 / 1 . 6  

0/0 

20.6/'».8 

10.0/42.7 

0/1.7 

+  1 / + 1  

+/3.4 

2 . 6 / 0 . 6  

+ 1/+I 

6.4/3.4 

34.5/45.8 

4.2/7.2 54.8/69.0 22.4i/19.2-i 

+ 1/+I 

79.6/99.4 117.6/87.6 78.8/58.4 

89.6/125.4 107.0/86.2 87.0/74.2 

25.6/22.0 15.6/17.0 25.8/22.2 

2.1/3.4 

10.8/10.6 

62.8/59.4 94.2/69.3 108.3/85.8 

+2/+2 

4.4/8.2 11.8/10.6 

5.0/22.5 6.2/29.8 

2.1/3.4 



43 

Table 7. continued 

Density® 

Open Dense Minimum 

1986/87 1986/87 1986/87 

evening grosbeak 
(Coccothraustes vesoertinus) 

5.2i/5.9 3.71/3.52 +2/3.5 

Total individuals 474.5/612.1 666.7/697.4 574.3/557.4 

Total species 46/42 47/47 43/41 

° Average number of birds per 247 acres (100 ha) over the 3 stands 
representing each forest habitat. 

The "+" indicates birds with densities < 0.1 per 247 acres (100 ha); 
the subscript indicates the number of stands (of the 3 surveyed) in 
which the species were observed. If no subscript is present, the 
species was found in all 3 stands. 
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distribution among the stands that appeared unrelated to the major 

differences in old-growth conditions in the 3 habitats. Possible 

explanations for these distributions are presented in Appendix E. 

Habitat Use by Selected Species 

I decided to study habitat use of the brown creeper and hermit 

thrush because both species were low in abundance or absent in two of the 

minimum stands, but were common in all other stands. Also, the number of 

breeding pairs of both species on the plots appeared sufficient to 

collect an adequate sample of nests and behavioral observations to 

investigate habitat use. 

Brown Creeper Nests 

Brown creepers nest under bark that has pulled away from the trunk 

or a large branch (Harrison 1979). I found 30 nests of the brown 

creeper. All nests, but one, were located on ponderosa pine snags. The 

one exception was on a living tree under bark that had buckled due to 

injury. Nest substrates averaged 22.4 Inches dbh (range 7.3-36.0 inches) 

and 76.2 feet tall (32-145 feet). Nests averaged 27.3 feet above the 

ground (range 8-63 feet). Most nest snags (72.43^) retained of their 

bark, had unbroken tops (65.5^), and still retained small or large 

branches (93.1^). Snags in size class 4 (20-29.9 Inches dbh) were used 

as nest sites more than expected bosed on their availability, and smoll 

snags were avoided (Fig. 3). 

There was no significant pattern of orientation of the nest snags or 

trees within the overall topography of the stands (e.g., north or 
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Figure 3. Availability of ponderosa pine snags by size class, and their 
use by brown creepers as nest substrates (n « 29 nests) in old-growth 
ponderosa pine forests in northern Arizona, 1986-1987. Size classes are: 
2 » if-IS.g inches dbh; 3 » 1'>-19.9 inches dbh; k « 20-29.9 inches dbh; 
and 5 = 30+ inches dbh. (Chi-square goodness- of-fit: x2» 32.A-, df = 3, P 
< 0.0001). Confidence intervals (955^) were calculated by the method of 
Neu et al. (197if). 
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east-facing slopes). Nor was there a significant pattern of nest 

orientation on the substrates. 

Creeper nests were found in all 3 habitats, but the majority (53.3?^) 

were found in dense stands. Classification of creeper nest sites by 

their discriminant scores, and the average canopy volume around the 

nests, indicated however, that creepers frequently used snogs in sites 

that resembled open stands (i.e., stands with open understories and high 

canopy closure) (Table 8, Fig. 4, Appendix C). For instance, of 16 nests 

found in the dense stands, only 7 were classified by discriminant scores 

OS dense sites. Six of these nests were classified as open sites and 3 

were classified as minimum sites. Of the 9 nests found in open stands, 6 

resembled open stands and 3 resembled dense stands. Classification of 

nest sites by microenvironment also suggested a preference for sites with 

open understories (66.75^ of the nests were in OOF, OOR, SAWF or SAWR; see 

Table 2 for descriptions), but a comparison of use and availability of 

individual microenvironments did not reveal statistically significant 

patterns (Fig. 4). Selection for relatively closed canopies was obvious 

in the minimum stands. Canopy cover around creeper nests in the minimum 

stands (54^6) was higher than the average for these stands (425^), and 

profiles of canopy volume for nests and random points in the minimum 

stands reflected this difference (Fig. 5). Percent canopy cover around 

creeper nests in the open and dense stands was about the same as the 

average for these stands. The abundance of creepers among all stands was 

positively correlated with the availability of mesic microenvironments 

(Spearman's rank correlation coefficient; r = 0.70; £ <0.0175). 
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Table 8. Actual location and classification based on discriminant scores 
of nest sites of brown creepers and hermit thrushes in old-growth 
ponderosa pine forests, northern Arizona, 1986-1987. 

Classification by 
Discriminant Score 

Open Dense Minimum 

Brown creeper nests 

Nests in open stands 6 3 0 
(n = 9) 

Nests in dense stands 6 7 3 
(n = 16) 

Nests in minimum stands 11 3 
(n = 5) 

Hermit thrush nests 

Nests in open stands 5 1 1 
(n = 7) 

Nests in dense stands 2 5 0 
(n = 7) 

Nests in minimum stands 0 2 3 
(n = 5) 
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Figure 'f. Availability of microenvironments, and their use by brown 
creepers when nesting (n « 30 nests) in old-growth ponderosa pine stands, 
northern Arizona, 1986-1987. Microenvironments in all old-growth stands 
were combined for this analysis. Microenvironments are: OOF, OOR » open 
old-growth flats and ravines; DOF, DOR « dense old-growth flats and 
ravines; PAR = pine-aspen ravines; OTHER • sawlog flats and ravines, and 
pine-locust ravines.(Chi-square goodness-of-fit: x2 « 6.7, df * 5. P < 
0.25). Confidence intervals (95^) were calculated by the method of Neu et 
al. (1974). 
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Brown Creeper Foraging 

Brown creepers forage on the bark of tree trunks and limbs for 

insects and other arthropods. They also occasionally hawk for flying 

insects that are disturbed by their probings. I observed brown creepers 

3,049 times (15 second intervals) and recorded foraging activity 2,415 

times. Creepers foraged primarily on ponderoso pine trees (91.25f of all 

observations of foraging), and generally utilized the trunks of 

all observations on trees). Over 90?t of the foraging activity classified 

by height in the open and dense stands occurred below 70 feet. Most 

foraging activity (>90S<) in the minimum stands occurred below 50 feet. 

In all stands trees 14-19.9 inches dbh and those 2^0 inches dbh were 

either preferred or used in proportion to their occurrence; trees <14 

inches dbh were generally avoided (Figs. 6, 7 & 8). Trees 20-29.9 inches 

dbh were preferred as foraging sites in all stands. 

Creepers foraged in numerous microenvlronments, but trends in 

availability and use of microenvlronments suggested that creepers tended 

to use dense microsites less than expected based on their availability. 

In 7 of 9 stands, dense old-growth ravines (DOR) were used less than 

expected, based on their availability, and in all 9 stands, dense old-

growth flats (DOF) were used either less than or about equal to their 

availability (Figs. 9, 10 & 11). Open old-growth flats (OOF) were used 

more than expected based on availability In 6 of 9 stands, but no pattern 

was discernible in the use of open old-growth ravines (OOR) (Figs. 

9, 10, 11). Creepers also used sites that had been logged less than 

expected based on availability. For example, no creeper foraging 
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Figure 6. Availability of ponderosa pine trees by size class, and their 
use by brown creepers when foraging in 3 open old-growth stands in 
northern Arizona, 1986-1987. Number of observations of foraging were 323, 
191, and lA^S for stands A, B, and C, respectively. Size classes are: 1 « 
1-3.9 inches dbh; 2 » 4-13.9 inches dbh; 3 » l'f-19.9 inches dbh; k « 20-
29.9 inches dbh; and 5 • 30+ inches dbh. (Chi-squore goodness-of-fit 
tests: stand A - = 306.5, df = 3 [size classes k and 5 were combined 
for the test], P < 0.0001; stand B - x2 - 736.7, df « P < 0.0005; 
stand C - x2 X 23.2, df= 'f, P " 0.0005). Confidence intervals (95^) were 
calculated by the method of Neu et ol. (1974). 
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Figure 7. Availability of ponderosa pine trees by size class, and their 
use by brown creepers when foraging in 3 dense old-growth stands in 
northern Arizona, 1986-1987. Number of observations of foraging were 386, 
207, and 378 for stands A, B, and C, respectively. Size classes are: 1 • 
1-3.9 inches dbh; 2 • ̂f-13.9 inches dbh; 3 • I'k-19.9 inches dbh; 'f » 20-
29.9 inches dbh; and 5 • 30->- inches dbh. (Chi-squore goodness-of-fit 
tests: stand A - x2 . 1265.7, df - P < 0.0001; stand B - x2 - k85 .6 ,  
df - if, P < 0.0001; stand C - x2 - 970.6, df« P • 0.0001). Confidence 
intervals (95S<) were calculated by the method of Neu et al. (1974). 
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Figure 8. Availability of ponderosa pine trees by size class, and their 
use by brown creepers when foraging in 3 minimum old-growth stands in 
northern Arizona, 1986-1987. Number of observations of foraging were 226, 
166, and 180 for stands A, B, and C, respectively. Size classes are: 1 « 
1-3.9 inches dbh; 2 • 4-13.9 inches dbh; 3 • l'f-19.9 inches dbh; 4 » 20-
29.9 inches dbh; and 5 - iO+ inches dbh. (Chi-square goodness-of-fit 
tests: stand a - x2 « UO.O, df « 4, P < 0.0001; stand B - « 196.9, df 
' k, P < 0.0001; stand C - x2 . 142.4, df« 4, P < 0.0001). Confidence 
intervals (951^) were calculated by the method of Neu et al. (1974). 
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Fiqure 9. Avoilability of microenvironments, and their use by brown 
creepers when foraging in 3 open old-growth ponderosa pine stands in 
northern Arizona, 1986-1987. Microenvironments are; OOF, OOR = open old-
growth flats and ravines; DOF, DOR « dense old-growth flats and ravines; 
POF, POR « pine-ook flats and ravines; PLF, PLR •> pine-locust flats and 
ravines; PJR » pine-juniper ravines. Number of observations of foraging 
were 336, 220, and 156 for stands A, B, and C, respectively. (Chi-square 
goodness-of-fit tests: stand A - x 471.2, df • 3, P < 0.001; stand B -
X2 = 127.it, df - 6, P < 0.0001; stand C - x2 - 81.1, df - 6, P < 0.0001). 
Confidence intervals (955^) were calculated by the method of Neu et al. 
( ^ Q 7 k ) .  
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Figure 10. Availability of microenvironments, ond their use by brown 
creepers when foraging in 3 dense old-growth ponderoso pine stands in 
northern Arizona, 1986-1987. Microenvironments ore: OOF, OOR « open old-
growth flats and ravines; DOF, DOR « dense old-growth flats and ravines; 
PAF, PAR = pine-aspen flats and ravines; PFR, PFF « pine-fir ravines and 
flats; SEED = seedtree sites; POF * pine-oak flats; CLR « clearings; 
SAWF, SAWR - sawlog flats ond ravines. Number of observations of 
foraging were '»26, 216, and «»25 for stands A, B, and C, respectively. 
(Chi-square goodness-of-fit tests; stood A - » k2Q.Q, df * 6, P < 
0.0001; stand B - x2 - 109.6, df « 6, P < 0.0001; stand C - x2 - 1279.1, 
df * 8, P < 0.0001). Confidence intervals (95%) were calculated by the 
method of Neu et ol. {197't). 
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Figure 11. Availability of microenvironments, and their use by brown 
creepers when foraging in 3 minimum old-growth ponderosa pine stands in 
northern Arizona, 1986-1987. Microenvironments are; OOF, OOR « open old-
growth flats and ravines; DOF, DOR • dense old-growth flats and ravines; 
SAWF, SAWR • sowlog flats and ravines; PAF, PAR » pine-aspen flats and 
ravines; POR «• pine-oak ravines; OTHER » pine-fir and pine-locust 
ravines. Number of observations of foraging were 235, 175, and 228 for 
stands A, B, and C, respectively. (Chi-square goodness-of-fit tests: 
stand A - x2 = 9^^2.2, df = 4, P < 0.0001; stand B - x2 « 106.0, df - 5. P 
< 0.0001; Stand C - x2 » 341.6, df = 7, P < 0.0001). Confidence intervals 
(95?6) were calculated by the method of Neu et al. (197't). 



activity was observed in the logged areas (16.7?^ of the total) of 2 of 

the dense stands. Similarly, in the one minimum stand where creepers 

were abundant, logged sites, which represented 82.7j( of the area, were 

used for foraging during only 66.75^ of the observations. 

Hermit Thrush Nests 

Hermit thrushes utilize fairly bulky, open-cup nests (Harrison 

1979). I found 19 nests. Thirteen were in old-growth ponderosa pine 

trees that averaged 25 inches dbh (range ° 15.7 - 38.6 inches) and 90.5 

feet tall (range =58-135 feet). Nests in these trees averaged 33.3 

feet above the ground. Few trees were present in the understory in the 

immediate areas surrounding these nests. Five nests were in small 

understory ponderosa pine or white fir trees averaging 1.9 inches dbh 

(range = 1.0 - 4.9 inches) and 10.6 feet tall (range =6-20 feet). Nests 

in these trees averaged 5.9 feet above the ground. One nest was located 

on a small oak snag, 4.5 feet from the ground. 

Ten nests were positioned away from the main stem on a large limb, 

and half of these nests were on limbs deformed by mistletoe. Five nests 

were positioned on limbs next to the main stem, and 2 were in the crotch 

of a split of the main stem. Two nests were positioned in the foliage of 

tightly clumped pine saplings. 

Fifteen nests were positioned on the west (SW, W, NW) side of trees 

(Fig. 12). Nest locations were almost equally divided between flats and 

slopes, but of the 10 nests on slopes, 7 were on north or east-facing 

aspects. Neither the analysis of availability and use of individual 
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Figure 12. Orientation of nests of hermit thrushes in trees and other 
substrates used for nesting (n = 19 nests). Length of bars reflect the 
number of nests in each octant. 
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microenvironments (Fig. 13), nor the classification of nest sites by 

discriminant function scores (Table 8) revealed any significant patterns 

in nest site selection by microenvironment or stand. Profiles of canopy 

volume, however, suggest that most nest sites were in areas with higher 

foliage volume than the random sites, and frequently included the most 

dominant overstory trees (Fig. lit. Appendix C). 

Hermit Thrush Foraging 

I observed hermit thrushes 5,537 times (15 second intervals). 

Including 975 observations of foraging. Hermit thrushes foraged most 

frequently (93.4?^) on the ground, probing for invertebrate prey in the 

duff, or plucking them off the soil surface, ground vegetation, or logs. 

They also occasionally caught prey off the trunk, limbs, or foliage of 

trees (4.7?^). 

Hermit thrushes foraged in numerous microenviroments, but tended to 

use the most shaded, cool, moist sites available. Pine-aspen flats and 

ravines (PAF, PAR) were used in proportions greater than or equal to 

their availability in all stands where these microenvironments were 

present (Figs. 15, 16 & 17). In 3 of 7 stands, dense old-growth ravines 

(DOR) were used more than expected, based on their availability, but in 3 

other stands they were used less than expected (Figs. 15, 16 & 17). In 

stands where DOR appeared to be avoided (e.g.. Fig. 16B), thrushes used 

other microenvironments with dense understories, such as areas with a 

mixture of pine-ospen (PAF, PAR), pine-oak (PDF, PGR) or pine-juniper 

(PJR). Open old-growth flats and ravines (OOF, OOR) were generally used 
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Figure 13. Availability of microenvironments, and their use by hermit 
thrushes when nesting (n • 19 nests) in old-growth ponderosa pine 
forests, northern Arizona, 1986-1987. Microenvironments in oil old-growth 
stands were combined for this analysis. Microenvironments are: OOF, OOR 
» open old-growth flats and ravines; DOF » dense old-growth flats; PAR » 
pine-aspen ravines; POR » pine-oak ravines; OTHER » dense old-growth and 
pine-oak flats, and pine-juniper, pine-fir and pine-locust sites. (Chi-
square goodness-of-fit: - 8.1, df » P < 0.10). Confidence interval 
(95?^) were calculated by the method of Neu et al. 
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Figure 15. Availability of microenvironments, and their use by hermit 
thrushes when foraging in 3 open old-growth ponderosa pine stands in 
northern Arizona, 1986-1987. Microenvironments are: OOF, OOR = open old-
growth flats and ravines; DOF, DOR « dense old-growth flats and ravines; 
POF, POR " pine-ook flats and ravines; PLF, PLR - pine-locust flats end 
ravines; PJR, PJF • pine-Juniper ravines and flats. Number of 
observations of foraging were 88, 9k, and 184 for stands A, B, and C, 
respectively. (Chi-squore goodness-of-fit tests: stand A - « 129.2, df 
= 3, P < 0.0001; stand B - x2 . 201.3, df » 5, P < 0.0001; stand C - x2 » 

<f23.0, df • 6, P < 0.0001). Confidence intervals (.95%) were calculated by 
the method of Neu et ol. (197'f). 
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Figure 16. Availability of microenvironments, ond their use by hermit 
thrushes when foraging in 3 dense old-growth ponderoso pine stands in 
northern Arizona, 1986-1987. Microenvironments ore: OOF, OOR - open 
old-growth flats and ravines; DOF, DOR • dense old-growth flots and 
ravines; PAF, PAR » pine-aspen flats and ravines; SEED « seedtree sites; 
PFR, PFF " pine-fir ravines and flats; CLR - clearings; POF - pine-oak 
flats; SAWF, SAWR « SQwlog flats and ravines. Number of observations of 
foraging were 70, 416, and 7l^ for stands A, B, and C, respectively. 
(Chi-square goodness-of-fit tests: stand A - x2 • 152.9, df >• 6, P < 
0.0001; stand B - x2 « 670.8, df - 6. P < 0.0001; stond C - x2 . 9'f.7. 
df = 8, P < 0.0001). Confidence intervals (955<) were calculated by the 
method of Neu et al. (1974). 
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Figure 17. Availability of microenvironinents, and their use by hermit 
thrushes when foraging in a minimum old-growth ponderosa pine stand in 
northern Arizona, 1986-87. Microenvironments are: OOF, OOR » open old-
growth flats and ravines; DOF, DOR « dense old-growth flats and ravines: 
PAF, PAR » pine-aspen flats and ravines; PLR • pine-locust ravines. 
Number of observations of foraging was (Chi-square goodness-of-fit 
test: X » 23<f.5, df » 6, P < 0.0001). Confidence intervals (95^) were 
calculated by the method of Neu et al. (197'f). 
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in proportions less than or equal to their availability. When the 

observations of foraging were pooled across all stands, thrushes foraged 

68.5^ of the time in ravine or sloped microenvironments. These sites 

represented an estimated 44.0^ of the stands. 

Hermit thrush tended to avoid foraging in logged sites. For 

example, of one open stand had been selectively cut in the past, but 

no foraging was observed in the cut-over areas (n = observations of 

foraging). Similarly, on the one minimum stand where thrushes occurred, 

over of the foraging activity observed took place in unlogged 

microenviroments, generally in pine-aspen ravines. The unlogged sites 

represented only 17.35^ of the stand. Across all stands examined, the 

density of hermit thrushes was positively correlated with the 

availability of mesic microsites (Spearman's rank correlation 

coefficient: r = 0.79; £ <0.005) and canopy cover (Spearman's rank 

correlation coefficient; r = 0.58; £ <0.10). 

Hermit Thrush - Other Activity 

Microenvironments used by singing males often differed markedly 

from sites used for foraging. Most song perches were in the canopy of 

large trees, generally 30-50 feet above the ground. The perches were 

frequently on flats or on south or west-facing slopes; sites which were 

not preferred for foraging. All family groups observed (n » 6) were 

found in microenvironments with relatively dense understorles of 

ponderosa pine, oak, aspen or juniper, generally in ravines. 
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DISCUSSION 

Vegetation 

Minimum old-growth stands had lower basal area, canopy cover, 

foliage volume, and density of large (>_ 20 inch dbh) trees and snags than 

the more pristine old-growth stands, primarily because they had been 

logged. While current harvest guidelines on the Kaibab National Forest 

do not permit cutting of pine snags ±^2 inches dbh, some large snags are 

inadvertently felled during commercial harvest of trees, while others are 

harvested illegally by fire-wood cutters. Thus logged sites generally 

have lower densities of large snags than unlogged sites. Also snag 

recruitment on logged sites may be decreased because large, decadent 

trees ore preferentially harvested. 

The dense stands and one of the minimum stands were the most meslc 

sites I examined. The reasons why these sites were wetter than the 

others were not entirely clear, but is partly explained by their higher 

elevation and more northern aspects. Whether the wetter site conditions 

promoted the development of dense understory trees, or vice-versa, is 

also difficult to evaluate. The wetter site conditions may have been 

important in the initial development of dehse understory vegetation In 

these stands, by maintaining a low incidence of fire and moist soil 

conditions, both factors conducive to the establishment of understory 

trees. Once established, dense understory vegetation would tend to 

decrease solar radiation entering the forest, thus lowering summer 

temperatures, decreasing evaporative loss from the stand, and raising 

humidity and soil moisture (Klttredge The understory trees may 
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also limit air movement through the stand which would slow the rate of 

evaporation. Thus, fire suppression and other factors that encourage the 

development of dense understory vegetation may set up a condition whereby 

a stand becomes cooler and wetter over time. Eventually mesophytic 

plants such as white fir may become established even in areas which 

formerly only supported vegetation more tolerant of drier conditions. 

Conversely, the xeric stands I examined were drier, in part, because 

some were lower in elevation or were exposed more to the south or west, 

but other factors also contributed to their relatively dry conditions. 

For example, most of the xeric stands hod evidence of past fire or had 

been logged. Both fire and logging usually thin the overstory and 

understory, allowing increased solar radiation into the stand, leading to 

warmer and drier conditions (Klttredge 1948). 

Bird Populations 

Brown creepers selected large snags (^20 Inches dbh) as nest sites. 

Large snags ore preferred over smaller snags because they more frequently 

have the wide and thick pieces of attached, sloughing, bark. The bark 

conditions of large snogs also may provide the best insulating properties 

to moderate temperatures and maintain high humidities in nests. Large 

snogs also remain standing longer than small snags (Cline et al. 1980), 

thus providing more stable, less risky, nest substrates. 

Most creeper nest snags were in shaded areas with relatively high 

canopy closure. 1 did not measure temperatures and relative humidities 

in nests, but I believe that shaded snogs were chosen as nest sites to 
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help maintain a proper microclimatic environment for the eggs and young. 

Nest site selection for appropriate thermal conditions has been 

documented for many species (e.g., pinyon Jay, Gymnorhinus cyanocephalus 

[Balda and Boteman 1973]; broadtailed hummingbird [Colder 1973]; warbling 

vireo [Walsberg 1981]). 

Creepers foraged preferentially on large (21'^ inches dbh) ponderosa 

pine trees. Franzreb (1985) also found that creepers preferred large 

trees when foraging in mixed-conifer forests in the White Mountains of 

Arizona. Large trees may be preferred because they hove rougher bark 

than younger, smaller trees (Jackson 1979) and thus may support higher 

densities of bark-dwelling arthropods (Parker and Stevens 1979). Also, 

as trees grow in diameter and height, and as bark rugosity increases, 

area available for foraging per tree increases dramatically. Selection 

of large trees as foraging substrates requires less movement from tree to 

tree for coverage of a given area of bark, and thus may represent the 

most energy efficient foraging strategy (Franzreb 1981). 

Creepers were absent or low in abundance in 2 of the minimum stands, 

despite the present of large snags and large trees. I observed that many 

of the apparently suitable potential nest snags in these stands were in 

clearings with little shade, and that the larger trees were often widely 

spaced. I suggest that the structure of these stands particularly their 

low canopy closure, limits their suitablility for brown creepers. Nests 

in exposed snags may be poorly buffered from extremes in temperature. 

Adults foraging in open canopied forests would be frequently exposed to 

warm and dry conditions. 



The 1 minimum stand that supported a relatively high density of 

creepers had higher canopy cover, and a higher density of large trees 

(220 inches dbh), than the other 2 minimum stands. Furthermore, this 

site was the third most mesic stand I examined. The lock of mesic 

microenvironments may hove been a factor in the inablility of the 2 more 

xeric minimum stands to support higher densities of brown creepers. 

Certhids are widespread in cooler parts of the northern hemisphere 

(Peterson 1961) and reach their greatest abundance in latitudes and 

elevations where moisture is rarely limited. Thus they may be poorly 

adapted to warm, dry conditions. The low amount of precipitation in the 

ponderosa pine zone on the Kaibab Plateau, and the absence of significant 

surface water over much of the area, suggests that mesic conditions may 

be a limiting factor. The avoidance of logged sites by creepers when 

foraging also suggest a preference for sites that are not warm and dry. 

Hermit thrushes in western North America generally nest in small 

coniferous trees (Harrison 1979, Cornell nest records, Martin and Roper 

1988). In contrast, of the nests I found were in the canopies of 

large ponderosa pine trees. I believe that small understory trees were 

not frequently used as nest sites on my study area because most were 

small ponderosa pine trees with few stout branches and little foliage. 

Such trees are poor structures to support and hide the relatively large 

nests of hermit thrushes. The canopy of mature trees apparently provided 

the most favorable sites for nests, having both supporting structures 

(i.e., large limbs) and thick foliage to serve as protective cover. 

Also, the placement of nests in the canopy of large trees may ameliorate 
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temperature extremes at the nest. Average maximum temperatures are 

generally lower, and average minimum temperatures generally higher, in 

the canopy of trees, as compared to temperatures at ground level 

(Kittredge 1948). 

Most hermit thrush nests (795^) were placed on south or west sides of 

trees. One explanation for this placement trend is that the prevailing 

southwest summer winds on the Kaibob Plateau would tend to ventilate and 

cool nests oriented to the south and west. Rickleffs and Hainsworth 

(1969) suggested similar reasons for the orientation of summer nests of 

cactus wrens. Martin and Roper (1988) also found that hermit thrush 

nests in central Arizona were built primarily on the south and west sides 

of trees, but they believed that this orientation was to maximize 

exposure to afternoon sun. 

I did not find a clear pattern of selection by hermit thrushes for 

particular kinds of microenvironments when nesting, but nest areas 

generally had greater canopy volumes than random sites, and the profiles 

of canopy volume suggested that the nest sites frequently included some 

of the tallest, most full-canopied trees avoilable. The selection of 

areas with high foliage volume for nesting suggests a preference for 

sites protected from exposure to solar radiation or predators, or both. 

Martin and Roper (1988) found that hermit thrushes exhibited strong nest 

site selection for areas with numerous, small white fir trees, in or near 

the bottom of drainages. Those sites were among the coolest, moistest 

microenvironments available and appeared to offer maximal protection from 

prediction. 



Hermit thrushes on my study stands generally foraged in the most 

cool, moist sites available, whereas warmer and drier areas, such as 

logged sites, were avoided. I believe that the ravine microenvironments 

and other mesic sites are more attractive than drier upland sites for 

foraging because the wetter conditions may produce and support more 

invertebrate prey. Wetter sites may also be preferred for physiological 

reasons. These findings and conclusions are not surprising given that 

the hermit thrush, like the brown creeper, is adapted to and reaches its 

greatest abundance in latitudes and elevations where summer temperatures 

are relatively cool and moisture is rarely limited, such as more boreal 

forests (Dilger 1956, Noon 1981, Bock and Lynch 1970, Mannan and Meslow 

IQSif, Cornell nest records, Martin and Roper 1988). 

The obsence of hermit thrushes in 2 of the minimum stands probably 

is due to the lack of cool, moist microenvironments for foraging, and 

possibly, for nesting. Also, these logged, more xeric stands, may not 

satisfy the physiological comfort requirements of the thrush. 

Some of the same factors that influenced the distribution and 

abundance of creepers and hermit thrushes among the stands, also appeared 

to influence the distribution of northern goshawks and northern saw-whet 

owls. The stands I examined were too small to obtain meaningful 

estimates of density for either species because they were rare and have 

large home ranges. However, their patterns of presence/absence among the 

stands suggests that they were more abundant in the more pristine stands 

and in the most mesic minimum stand. Goshawks and saw-whet owls were 

never encountered in the 2 more xeric minimum stands. 



Goshawks on the Kalbab Plateau usually nest in ravine groves of old-

growth trees with high canopy cover (Crocker-Bedford and Chaney 1988). 

Goshawks in the Pacific Northwest also nest in large groves of mature and 

old-growth trees with high canopy closure (Reynolds et al. 1982). The 

most xeric minimum stands many have been unsuitable as goshawk nesting 

habitat because large groves with closed canopies were rare due to 

logging. The low canopy cover in these stands also may be unsuitable for 

saw-whet owl nesting. Saw-whets nest in cavities in large snags. While 

large snags were present in the 2 xeric minimum stands, many were in 

openings with little shade, and may have been too exposed to be suitable 

as nest sites. More information needs to be collected on the 

distribution and habitat requirements of these and other raptor species, 

particularly the cavity-nesting owls, before their relationship to old-

growth ponderosa pine forests can be fully evaluated. 

I believe that the higher total density of birds in the dense stands 

compared to all other stands, was primarily due to the greater abundance 

of aspen, and the wetter conditions in these stands. The warbling vlreo, 

violet-green swallow, western wood-pewee, Williamson's sapsucker and 

three-toed woodpecker were more common in the dense stands because they 

utilized the groves of pine-aspen for nesting or foraging, or both. 

Also, the dense stands with their mesic site conditions may have 

supported higher bird populations because of greater total foliage 
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volume and concomitantly, possibly higher densities of invertebrate prey 

utilized by much of the avian community. 

I did not find a markedly higher number of species in the dense 

stands as compared to the other habitats. This contrasts, to some 

extent, with the general positive correlation between foliage height 

diversity and bird species diversity shown by other studies (e.g., 

Robinson and Holmes 1985, Hino 1985). Only the solitary vireo typically 

utilized the small understory ponderosa pines for nesting, with no 

species using the small trees extensively for foraging. That all stands 

were essentially monocultures of ponderosa pine may have limited any 

expression of the relationship between foliage height diversity and bird 

species diversity (see Szaro and Balda 1979). 

A few species preferred the more open forest conditions of the 

minimum stands. Western bluebirds prefer open forest or forest edges and 

were most common in the minimum stands where they nested in large pine 

snogs in small natural openings or those created by logging operations. 

They also nested in pine-aspen groves that bordered more open habitat. 

Chipping sparrows were also associated with openings and forest edges in 

the minimum stands, which is similar to the habitat the species utilizes 

elsewhere (Mannan and Meslow 1984). 

The pygmy nuthatch was common in all stands. The nuthatch utilized 

cavities in large snags for nesting, both in areas with or without high 

canopy cover or a well-developed understory. Pygmy nuthatch also were 

common in immature, managed ponderosa pine forests near Williams, 

Arizona, which had few large trees or snags (Mannan and Siegel 1988). 
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The nuthatches inhabitatlng these managed stands were apparently capable 

of nesting in substrates other than large snogs, such as branch stubs on 

living trees (Harrison 1979), although this was not observed. 

The old-growth ponderosa pine forest on the Kaibob Plateau supported 

at least 5 species: the brown creeper, hermit thrush, northern goshawk, 

northern saw-whet owl, and three-toed woodpecker, that are more 

characteristic of forests found at higher latitudes or elevations such as 

mixed-conifer or spruce-fir forests. These boreal forests (Canadian and 

Hudsonian life zones) hove higher precipitation and cooler summer 

temperatures than ponderosa pine forests. All 5 species were recorded as 

present or relatively common in the more pristine old-growth ponderosa 

pine stands. The presence of these species implies that stand 

characteristics in the uncut old-growth ponderosa pine forest can, to 

some extent, ameliorate the relatively dry, often warm climotic 

conditions found in elevations between 7,300 - 8,200 feet on the Kaibob 

Plateau. The uncut pine forest may, in effect, create microenvironmental 

and microclimatic conditions that approximate that of wetter and cooler 

forests. Of the logged minimum old-growth ponderosa pine stands, only 

the coolest and wettest exposures can maintain suitable habitat for these 

"boreal" forest associated species. Worm and dry exposures in the 

minimum old-growth stands are either unsuitable or marginal as habitat 

for them. 
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CONCLUSIONS AND MANAGEMENT RECOMMENDATIONS 

Stands on relatively dry sites that meet, but do not greatly exceed, 

the USDA Forest Service's minimum standards for old-growth ponderosa pine 

will not support all bird species associated with old-growth pine 

habitat. The standards may be adequate on mesic sites where low canopy 

cover can perhaps be mitigated by aspect, elevation, or other factors 

that produce mesic conditions. To maintain cool, moist microclimatic 

conditions, I recommend that the minimum guidelines for identifying old-

growth ponderosa pine be modified to provide overstory canopy cover of 

250^. I suggest that before a ponderosa pine stand be considered "old-

growth" it should have at least 20 large (>,20 inch dbh) trees and basal 

area of at least 110 ft^, per acre. I believe these modifications may be 

particularly important on drier sites. 

Densities of snags were not particularly high in any of the old-

growth habitats, so the minimum standards for snag densities may be 

adequate. I did find, however, that the average size of ponderosa pine 

snag utilized by all hole-nesting birds in my study was 27.1 inches dbh 

(n = 58, see Appendix B), well above the minimum size guideline of 14 

inches dbh. Less than 9% of the cavity nests in ponderosa pines were in 

trees or snags less than 20 Inches dbh. Conner (1979) and Raphael and 

White (198<f) recommended managing for the average size of snag utilized 

by birds and not the minimum. They believed that snags that fulfilled 

only minimum size requirements may not be suitable if other habitat or 

weather conditions are marginal. I concur with these authors, and 

therefore recommend leaving or creating snags that are at least 20 inches 
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dbh. Timber managers should also ovoid cuts for sanitation and salvage 

in areas managed for old-growth conditions because large, dying trees ore 

essential for snag recruitment. 

I also recommend that if old-growth areas ore to be withdrawn from 

harvest, priority be given to ravines that support a mix of pine and 

aspen, oak or fir. These sites were often cooler and wetter than the 

surrounding pure stands of pine and may serve as habitat islands for more 

mesophytic species of birds, such as the brown creeper and hermit thrush. 

The pine-aspen sites also hod numerous aspen snags which supported 

species such as the Williamson's sapsucker and violet-green swallow (see 

Appendix B). Because both open and dense stands appear to support fairly 

high populations of all bird species, I do not advocate silviculturol 

management to promote the development of multi-layered canopies of pure 

pine. Dense understories of ponderosa pine appear to directly contribute 

little in terms of habitat to the avion community. However, the 

understory may odd to species diversity indirectly, by contributing to 

the maintenance of cooler, more mesic conditions within the stands. 

The minimum guidelines appear to be adequate in maintaining high 

densities of pygmy nuthatch. Yet, similar densities of pygmy nuthatch 

have been observed in immature, managed ponderosa pine stands. This 

finding gives me reason to question the utility of the nuthatch as an 

indicator of the quality of the old-growth ponderosa pine habitat. 

I recommend that the brown creeper, a species that utilized both 

large trees for foraging and large snogs for nesting, be considered as an 

indicator of old-growth southwestern ponderosa pine. The hermit thrush, 
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a species associated with high canopy cover and high foliage volume, also 

may be valuable as an indicator of old-growth pine. Both species have 

affinities to more boreal forests, and their presence indicates the 

availability of relatively cool, moist conditions, a habitat feature that 

appears important to other old-growth associated species of the ponderosa 

pine forest, such as the northern goshawk. 

The results of this study suggest that old-growth ponderosa pine 

forest is more than the sum of obvious habitat components such as large 

trees and snags. The "blue-print" for old-growth ponderosa pine habitat 

also must include important microhabitat features, such as cool, moist 

microclimatic conditions, which are in part, a product of the physical 

properties and structure of the old-growth forest. Standards of minimum 

habitat quality must be generous enough to maintain all vital components 

and features. A blanket minimum standard, suitable for all site 

conditions, will rarely be effective in conserving wildlife populations 

under all circumstances. 

This study did not address a number of important questions about the 

management of old-growth ponderosa pine forests, such as what should be 

the size and distribution of old-growth patches, and how much old-growth 

is needed on a region-wide basis to maintain old-growth associated 

species, long term. Patches of 100 acres appear to be suitable for the 

brown creeper and hermit thrush, but may be unsuitable for species with 

large home ranges such as the northern goshawk. Habitat requirements for 

the goshawk, and other species which appear to rely on old-growth 

ponderosa pine forests, should be the subject of further research. 
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Maintaining wildlife resources at minimum levels (e.g., minimum 

viable population size or minimum habitat quality) is management close to 

a dangerous edge, that of regional or complete extirpation of species, 

and possibly, the impairment or loss of other ecosystem functions. 

Instead, I recommend a more conservative approach to management, one that 

maintains a wider range of options for the future. This approach might 

include management of optimum levels of various habitat factors, or of 

populations, such as mean nest snog diameters (Conner 1979, Raphael and 

White 1984), or ecologically functional population levels (Conner 1988). 

Only with such an approach con we achieve the ultimate goal of multiple-

use management of our public lands — the sustainable yield of natural 

resources and values, and the continued performance of important 

ecosystem functions. 
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APPENDIX A 

MEASUREMENTS OF TEMPERATURE AND RELATIVE HUMIDITY AT MICROENVIRONMENTS IN 
OLD-GROWTH PONDEROSA PINE FORESTS, NORTHERN ARIZONA, 1987. 

Temperature and relative humidity were measured at a majority of the 

sampling points when the sites were being classified to a 

mlcroenvlronment (see Table 2). Temperature and relative humidity were 

measured with a mercury-filled thermometer and sling psychrometer, 

respectively. I compared the readings between open and dense 

microenvironments, flats and ravines, south/west and north/east facing 

slopes, logged and unlogged sites, and pure pine and pine-aspen sites. 

Only measurements taken within 20 minutes of one another were used for 

comparison. Measurements were not taken on heavily overcast or rainy 

days. Results of the comparisons are listed below. 
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APPENDIX A. Continued. 

TEMPERATURE 

Open vs Dense (61 comparisons) 

Open warmer than Dense 61.0 

Dense warmer than Open 39.0 

Flat vs Ravine (60 comparisons) 

Flat warmer than Ravine k 5 . 0  

Ravine warmer than Flat 53.3 

Flat «= Ravine 1.6 

South or West Ravine vs North 
or East Ravine comparisons) 

SW Ravines warmer than NE Ravines 60.5 

NE Ravines warmer than SW Ravines 37.2 

SW Ravines = NE Ravines 2.3 

Unlogged vs Logged (14 comparisons) 

Unlogged warmer than Logged 35.7 

Logged warmer than Unlogged 6<v.5 

Pine - only vs Pine-Aspen (14 
comparisons) 

Pine - only warmer than Pine-Aspen 64.3 

Pine-Aspen warmer tha Pine - only 28.6 

Pine - only = Pine-Aspen 7.1 

of Comparisons X Difference *F 

2.0 

1.5 

1 . 8  

1 . 8  

2 . 6  

2.4 

2.0 

3.6 

2 . 6  

1 . 8  
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APPENDIX A. Continued. 

RELATIVE HUMIDITY 

^ of Comparisons X Difference j<RH 

Open vs Dense (58 comparisons) 

Open more humid than Dense 39.7 2.6 

Dense more humid than Open 58.6 '^.6 

Open = Dense 1.7 

Flat Ravine (59 comparisons) 

Flat more humid than Ravine 57.6 3.8 

Ravine more humid than Flat 40.7 3.8 

Flat = Ravine 1.7 

South or West Ravine vs North or 
East Ravines (43 comparisons) 

SW Ravines more humid than 39.5 4.2 
NE Ravines 

NE Ravines more humid than 51.2 4.8 
SW Ravines 

SW Ravines « NE Ravines 9.3 

Unloaaed vs Logged (11 comparisons) 

Unlogged more humid than Logged 63.6 4.0 

Logged more humid than Unlogged 36.4 3.5 

Pine - only vs Pine-Aspen (14 
comparisons) 

Pine - only more humid than 42.9 3.0 
Pine-Aspen 

Pine-Aspen more humid than 57.1 5.5 
Pine - only 
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APPENDIX B 

DESCRIPTIONS OF NEST SUBSTRATES OF CAVITY-NESTING BIRDS IN OLD-GROWTH 
PONDEROSA PINE STANDS, NORTHERN ARIZONA, 1986-1987. 

Mean Mean 
Mean tree/snog cavity it In 

Tree/snag dbh height height dead 
Bird species ri species (inches) (feet) (feet) tree 

Wllllamsom's 2 
sapsucker 16 

pine 
aspen 

29.1 
13.0 

114.0 
59.9 

58.S 
20.7 

0 
87.5 

hairy 
woodpecker 

pine 
aspen 

28.1 
12.9 

82.2 
65.2 

49.2 
21.7 

80 .0  
33.0 

three-toed 
woodpecker aspen 9.6 44.5 13.5 50.0 

northern 
flicker 

15 
7 

pine 
aspen 

27.4 
15.1 

72.8 
67.8 

47.0 
35.5 

80.0  
28.6  

violet-green 2 
swallow 18 

pine 
aspen 

24.5 
13.2 

71.8 
66.8 

40.3 
23.0 

100.0 
38.9 

mountain 
chickadee aspen 9.1 60.0 20.0 100.0 

white-breasted 3 
nuthatch 6 

pine 
aspen 

19.4 
11.9 

47.2 
63.1 

18.5 
17.1 

100.0 
33.3 

pygmy 
nuthatch 

16 
2 

pine 
aspen 

26.7 
13.9 

69.3 
68.5 

51.5 
15.0 

81.3 
0 

house 
wren 

2 
4 

pine 
aspen 

25.6 
1 1 . 1  

91.8 
56.9 

12.0  
15.3 

100.0 
75.0 

western 
bluebird 

13 
7 

pine 
aspen 

28.5 
13.2 

60.3 
63.7 

37.5 
17.6 

92.3 
57.1 



APPENDIX B. Continued 

Average dbh of pines (live tree or snag) with nests =27.1 inches 
(range = 13.0-41.7 in.) 

Average height of pine snags with nests = 69.0 feet 
(range = 34.0-11if.0 ft.) 

Average dbh of aspens (live tree or snag) with nests - 13.1 inches 
(range = 6.3-19.9 in.) 

Average height of aspen snags with nests = 57.8 feet 
(range = 24.5-79.0 ft.) 
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APPENDIX C 

AVERAGE FOLIAGE VOLUME BY TREE SPECIES AROUND NESTS OF BROWN CREEPERS AND 
HERMIT THRUSHES, AND AROUND RANDOM SAMPLE POINTS IN OPEN, DENSE, AND 
MINIMUM OLD-GROWTH PONDEROSA PINE STANDS, NORTHERN ARIZONA. 1986-1987. 

Average foliage volume® 
(cubic feet) 

Brown Hermit 
Tree Open Dense Minimum creeper thrush 
species stands stands stands nests nests 

ponderoso 
pine 'f592 5929 2763 5985 

quaking 
aspen 168 18 B k  77 

Gambel's 
oak k 9  

white 
fir 

° Foliage volumes in the 0.12 acre plots ( k 5  plots per habitat; 32 brown 
creeper nests; 19 hermit thrush nests) were averaged. 
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APPENDIX D 

RANGES OF ABUNDANCES OF BREEDING BIRDS IN OPEN, DENSE AND MINIMUM OLD-
GROWTH PONDEROSA PINE STANDS IN NORTHERN ARIZONA, 1986-1987. 

Range® 

Open Dense Minimum 

mourning dove 
(Zenaldo macroura) 

0-17.8 0-9.6 0-6.it 

broad-tolled hummingbird 
(Selosphorus plotycerus) 

20.'f-82,8 0-38.2 19.2-51.0 

Williamson's sopsucker 
(Sphyrapicus thyroideus) 

0-9.7 9.9-21.8 0-17.0 

hairy woodpecker 
(Picoldes villosus) 

4.6-9.7 if.7-19.8 10.1-17.3 

three-toed woodpecker 
(Picoldes trldactylus) 

0-9.9 

northern flicker 
(Colaptes ourotus) 

0-14.5 4.7-29.6 10.1-25.5 

western wood-pewee 
(Contopus sordidulus) 

0-4.4 7.6-29.3 0.6-17.5 

violet-green swallow 
(Tochycineta thalassino) 

0-3.3 19.5-80.5 1.6-32.5 

Steller's Jay 
(Cyanocltta stelleri) 

2.4-7.0 1.0-6.4 2 . 6 - 6 . 8  

Clark's nutcracker 
(Nuclfroga columblana) 

0-2.5 0-2.5 

common raven 
(Corvus corax) 

0-2.5 0-5.1 

mountain chickadee 
(Parus qambeli) 

0-11.8 0-35.8 0-6.0 
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APPENDIX D. Continued 

Range° 

Open Dense Minimum 

white-breasted nuthatch 
(Sitta carolinensls) 

3.5-11.6 2.1-8.5 2.5-6.7 

pygmy nuthatch 
(Sitta pygmaea) 

9.8-52.0 14.6-49.4 13.0-24.4 

brown creeper 
(Certhia americana) 

0-35.7 22.3-40.8 0-25.5 

house wren 
(Troglodytes aedon) 

0 - 1 . 0  1 . 0 - 1 1 . 8  0-25.9 

western bluebird 
(Sialic mexicana) 

10.9-19.9 6.0-23.8 11.9-47.3 

Townsend's solitaire 
(Myadestes townsendi) 

0-19.2 0-12.8  

hermit thrush 
(Catharus guttatus) 

2.2-18.2 4.6-17.0 0-15.6 

American robin 
(Turdus miqratorius) 

1.2-24.8 2.8-17.0 2.8-14.2 

solitary vireo 
(Vlreo solitarius) 

3.2-43.4 14.4-54.8 8.0-58.6 

warbling vireo 
(Vireo qilvus) 

2.0-12.0 22.4-93.4 0-67.2 

yellow-rumped warbler 
(Dendroica coronata) 

22.4-166.6 75.6-134.2 49.6-92.0 

Grace's warbler 
(Dendroica graciae) 

29.8-143.2 53.6-181.6 34.8-186.6 

western tanager 
(Piranga ludoviclana) 

10.2-36.2 9.6-25.4 15.6-35.4 
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APPENDIX D. Continued 

Range" 

Open Dense Minimum 

Black-headed grosbeak 
(Pheuctlcus melanocepholus) 

0-6. 0-5.1 0-5.1 

chipping sparrow 
(Splzella posserlna) 

0-7.5 0-2.5 5.0-17. if 

dark-eyed J unco 
(Junco hyemalls) 

35.8-78.0 33.8-110.6 57.2-123. 

Cassln's finch 
(Carpodocus casslnll) 

red crossbill 
(Loxla curvlrostra) 

0-53.0 0-14.1 0-26.5 

0-93.5 2.5-37.8 3.7-51.7 

pine siskin 
(Carduells plnus) 

0-2.5 0-10.0  0-6.4 

evening grosbeak 
(Coccothraustes 

vespertlnus) 

0-15.5 0-11 .1  0-7.1 

° Average number of birds per 247 acres (100 ha) for the 3 
stands representing each forest habitat. 
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APPENDIX E 

PATTERNS OF ABUNDANCE OF SPECIES AMONG THE STANDS THAT DID NOT APPEAR TO 
BE ASSOCIATED WITH THE MAJOR DIFFERENCES BETWEEN THE OLD-GROWTH HABITATS. 

A number of species of birds hod distributions among the stands that 

appeared to be unrelated to the major differences between the minimum 

stands and more pristine open and dense stands. In this appendix, I 

identify some of these patterns and discuss some of the factors that may 

have caused them. 

Brood-toiled hummingbirds were highest in density in stands where 

particular species of flowers were most abundant. I observed 

hummingbirds foraging on skyrocket gilia (Ipomopsis oqqreqata). thistle 

(Cirsium spp.), penstemon (Penstemon spp.), larkspur (Delphinium 

nelsonil). and paintbrush (Costille.la spp.). Hummingbirds were most 

abundant in the 1 open stand that hod a high density of gilio, and the 1 

open and 1 minimum stand that had high densities of thistle. 

Hummingbirds were lowest in abundance in the 3 dense stands, which had 

low densities of the 2 forb species. The dense stands had the highest 

canopy closure of the 3 habitats, and the very shady conditions in the 

dense stands appeared to limit the development of a lush forb 

understory, with the exception of lupine (Lupinus spp.). 

House wrens were ossocioted with downed logs and slash piles 

in shady areas (see Balda 1969). Logs were most common in the pine-aspen 

groves in the dense stands, whereas slash piles were most common in the 

minimum stands, and wren densities among the stands appeared to reflect 

the availability of these habitat features. 



APPENDIX E. Continued 

The red crossbill and evening grosbeak were encountered erratically 

In the majority of stands In 1986 and 1987. Both the crossbill and 

grosbeak ore Irruptlve species, and move with the availability of food 

resources (Bock and Lepthlan 1976). The presence of these species on a 

particular stand appeared to be correlated with the maturing of ponderosa 

pine cones. 

Flommulated owls were the most commonly encountered owl in 1986, a 

year when adult pandora moths (Coloradla pandora) were abundant on the 

Kalbab Plateau. In 1987, only the catepillars of pandora moths were 

encountered and flommulated owls were found only in 2 of the dense 

stands. Moths are a major prey item of the flommulated owl in the 

Pacific Northwest (pers. observ.), and the reproductive cycle of the 

pandora moths may hove influenced the distribution and abundance of 

flommulated owls during this study. 
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