Chapter 4
Songbird Status and Roles

Linnea S. Hall, Michael L. Morrison, and William M. Block

Introduction

Thischapter reviewsstudieson songbird ecology con-
ducted in Arizona, New Mexico, and Colorado; studies
from outside this region are mentioned when they bear
direct relevanceto our primary region. The studieswere
conducted in siteswhere ponderosapineoccurred at least
in equal coverage with other trees. We a so includestud-
iesconducted in pine-oak (pinepredominant)or oak-pine
(oak predominant) woodlands d southeastern Arizona
and Southwestern New Mexico. Our review beginswith
population studies, including research on distribution,
abundance, and trendsin population numbers. \We then
discuss the variousrolesd birdsin the ponderosa pine
forest. Next wecover themultifaceted topic o avian natu-
ral history and habitat preferences,including used veg-
etation and specia habitat features, nest predation, for-
aging habits, and migration habits. We also review the
prioritization systems for identifying speciesd specid
research and management concern.

Population Status

Research Limitations

Long-term data sets such as Breeding Bird Surveys
(Robbins et al. 1986; Peterjohn et d. 1995) and Christmas
Bird Counts (Bock and Root 1981) usually allow for in-
dicesd relativeabundance. Resultsd many research stud-
iescompareabsol uteor relativeabundanced birdsamong
differentimpacts (suchaslogging and fire) or conditions
(suchas varying tree density and season). But few data
exist to estimate popul ation parameters such assurvival
and reproduction. Few data are available to examine
nonbreeding or migrating populations because most o
the data are collected during the breeding season. Trend
dataarelimited to Breeding Bird Surveys(BBSand Christ-
meas Bird Counts (CBC); we found no relevant Breeding
Bird Census trend data (Marshall 1991). Breeding Bird
Atlasdatafor theSouthwest aretoo recent (collectingstarted
in 1994) to providetrend information (T. Corman, Arizona
Dept. d Gameand Fsh, personal communication).
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Therefore, we review here the information on popul a-
tions by summarizing relevant research results and by
summarizing BBSdatato examinepopul ationtrends. Rig-
orous comparisonsd population estimates from differ-
ent research projectsaredifficult becaused different data
collection methods, different sasmplingintensities, differ-
ent skill levelsd observers, and different analytic tech-
niques. Also, methods used to sampleavian popul ations
have inherent biases (compareVerner 1985, for areview
d avian census methods). Thus, welimit our discussion
d research resultsto brief descriptionsd mgor studies
and to generalizationsbased on the collective results d
thesestudies.

Research Results

Szaro and Bdda (1979) measured breeding bird popu-
lationswithin the Beaver Creek watershed d theCoconino
National Forest, Arizona. Vegetation within their study
area wasdominated by ponderosapinewith Gambel oak
and aligator juniper in the understory. They used spot
mapping to index densitiesd individual speciesand se-
lected guilds (asdefined by Root 1967:335) on five plots
representing differentintensitiesd’ logging, from clearcut
tocontral (thatis, nologging).Asmight beexpected, bird
densitiesvaried among plotsand among years. Whether
the variationsin numbersrepresented effectsd different
cutting regimes, however, isdifficult to assess; inferences
about cause-effect relationshipsd loggingwill becovered
in the following chaptersand we will not duplicate that
material here. However, bird popul ationsweregenerally
gregtest on the ' strip cut” and "silviculturaly cut™ plots
and lowest on theclearcut plots, densitiesd birdson the
control (unlogged) plot were intermediate to these ex-
tremes (table 1). Spotted towhees and rock wrens were
themost abundant specieson theclearcut plot; dark-eyed
junco, Steller's jay, and white-breasted nuthatch were most
abundantonthe" severdy thinned" plot; Graces warbler,
solitary vireo, dark-eyed junco, and chipping sparrow on
thestrip cut plot; dark-eyed junco, pygmy nuthatch, and
Grace's warbler on thesilviculturally cut plot; and white-
breasted nuthatch, pygmy nuthatch, dark-eyed junco, and
Grace's warbler on the control plot.

Siegel (1989) examined habitats and populations o
breeding birds in old-growth ponderosa pine forests on
the Kabab Plateau, Arizona. He compared bird numbers
among stands representing different densities d trees:
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Table 1. Comparison of population estimates in ponderosapine forests. See text for details of each study. Numbers provided
are ranges of population estimates from study sites sampled in each study.

Blake® Haldeman et al!
Szaro & Horton &
Species Balda? Siegel®  Overturf¢ Mannan® Fall Winter  Spring  Spring Winter
Mourning dove 3.0-6.0 0.2-2.6 0.0-10.0 0.0-0.2 7
Band-tailed pigeon 0.0-0.8 0.0-0.4
Common poorwill 0.0-0.4 0.0-0.2
Common nighthawk 0.0-3.0 0.0-0.4 0.0-10.0 !
Br-tailed hurnrningbird 3.0-15.0 4.4-221 0.0-15.0 0.0-0.5 3
Lewis’ woodpecker 0.0-2.0 0.0-1.4
Yellow-bellied sapsucker 0.0-0.2 0.1
Acorn woodpecker 0.0-3.0 0.0-0.4 0.0-5.0 1.1-4.0 0.0-1.2 0.0-0.2 0.0-0.2
Hairy woodpecker 1.5-6.0 2.8-5.8 2.0-12.0 0.7-1.0 0.0-7.3 0.0-1.2 0.0-24 5 1.3
Three-toed woodpecker 0.0-2.3 0.0-5.0 0.04
Northern flicker 1.5-3.8 2.5-8.1 2.0-10.0 1.7-2.6 0.0-0.6 0.0-0.8 9 0.9
Williamson's sapsucker 0.6-6.1
Cassin’s kingbird 0.0-0.2
Ash-throated flycatcher 0.0-0.2
Say’s phoebe 0.0-3.0
Western wood pewee 1.5-9.0 0.2-8.2 0.0-15.0 0.0-1.0 4
Olive-sided flycatcher 0.4-0.8 0.0-5.0 0.0-0.2
Cordilleran flycatcher 3.0-6.8 0.0-0.4 0.0-3.0 39.2-67.0 0.0-0.2 7
White-throated swift 0.0-0.4 0.0-0.4
Violet—-green swallow 3.0-9.0 0.4-20.1 0.0-50.0 17.6-37.4 0.0-10.3 30
American crow 0.1
Common raven 0.0-1.0
West. scrub jay 0.0-0.2
Steller's jay 3.0-9.0 1.1-1.8 0.0-10.0 0.0-0.5 0.0-2.0 0.0-0.2 8 0.1
Clark’s nutcracker 0.0-0.3 0.04
Mountain chickadee 1.5-9.0 0.4-8.7 0.0-30.0 5.6-12.2 0.0-0.9 0.0-0.4 20 3.4
Plain titmouse 0.0-0.2
White-breasted nuthatch 3.0-15.0 1.6-3.3 0.0-13.0 2.9-7.0 0.049 0.0-04 0.0-0.8 7 41
Red-breastednuthatch 0.2
Pygmy nuthatch 1.5-18.0 7.7-16.0 0.0-53.0 14.2-26.2 0.0-0.6 0.0-2.6 26 10.3
Brown creeper 3.4-122 0.0-17.0 5.8-9.8 0.0-0.8 8
House wren 2.3-3.0 0.0-4.4 0.0-54.0 15.0-96.8 0.0-0.2 0.0-1.5
Canyon wren 0.0-0.2
Rock wren 3.8-8.3 4.9-16.8 0.0-9.0 0.0-1.0
Ruby-crownedkinglet 0.0-8.0 0.0-7.1 0.0-05
Loggerhead shrike 0.0-0.2
American robin 1.0-7.5 2.3-4.2 0.0-17.0 0.0-2.7 0.0-0.2 20 i il
Townsend's solitaire 0.4-2.6
Hermit thrush 0.8-2.3 1.9-4.6 0.0-3.0 0.0-0.2 8
Western bluebird 3.0-15.0 5.8-141 5.0-30.0 6.1-124 0.0-6.5 0.0-17.4 0.0-5.8 15 3.4
Mountain bluebird 0.0-1.0 0.0-5.0
Cedar waxwing 0.0-0.2
Solitary vireo 1.5-120 91-181 0.0-0.7 0.0-02 5
Warbling vireo 1.7-27.6
Yellow-rumpedwarbler 3.0-15.0 23.4-47.0 00130 0.2-28 0016 8
Townsend's warbler 0.0-1.8
Black-throated gray warbler 0.0-0.2 0.0-0.2
Red-faced warbler 1.5-4.5
Grace's warbler 38195 2.7-50.2 0.0-7.0 0.0-0.4 5
Virginia warbler 0.4-0.8 0.0-0.5
Brown-headedcowbird 0.4-0.8 0070 0.0-0.5
continued on next page
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Table 1. (continued)

Songbird Status and Roles

Blake® Haldeman et al!
Szaro & Horton &
Species Balda? Siegel®  Overturfc Mannand Fall Winter  Spring Spring Winter
Western tanager 1.5-6.7 6.2-10.3 0.0-5.0
Hepetic tanager 0.0-3.0 0.0-0.2
White-crowned sparrow 0.0-59.4
Lark sparrow 0.0-39.0
Fox sparrow 0.0-0.2
Chipping sparrow 15-12.0 0.6-4.3 0.0-20.0 0002 0.0-88
Spotted towhee 5.5~7.3 0.0-0.2 0.0-3.6
Dark-eyed junco 1.5-22.5 23.8-43.3 5.0-32.0 0.2-44.6 0.0-65.4 23 2.3
Black-headed grosbeak 1.5-4.5 0.0-1.4 1
Bvenina aroshesk 0.2
Cassin’s finch 1.8-8.2 0.0-2.1 0.0-8.2 0.0-04 0.2
Red crossbill 2.0-171
Lesser goldfinch 0.0-1.3
Pine siskin 0.0-2.6 0.0-37.0 0.5-8.0 9

Brewer's blackbird

2 Szaro and Balda (1979); units are number of pair/40 ha.

B Siegel (1989); units are number of birds140 ha.

¢ Overturf (1979); units are number of pair/40 ha.

@ Horton and Mannan (1988); units are number of birds140 ha.

@ Blake (1982); units representan index of occurrence based on numbers and distribution of a species with a sampling site.

f Haldeman et al. 1973.

open, medium, and dense. Speciesrichnessshowed little
differenceamong stands, althoughdensestandshad more
individuals, particularly warbling vireos, violet-green
swallows, western wood pewees, and Williamson's sap-
suckers. He also found that Grace's warbler, yellow-
rumped warbler, and dark-eyed juncowerethethreemost
abundant speciesin all stands, collectively accountingfor
>40 percent d all birds detected.

Overturf (1979)indexed popul ationsusing aspot map-
ping method to examine the effects d fireon ponderosa
pinebirdsin northernArizona. Popul ationsweresampled
from three to nine years post fire, with the exception o
onecontrol areawherefire had not occurred recently (table
1). The control area was the Gus Pearson Natural Area,
Ft. Valey Experimental Forest. Generally, burned areas
supported fewer numbersd birdsand fewer speciesthan
the unburned area. Speciesfound on the control but not
found on theburned areasincluded violet-greenswalow,
mountai n chickadee, hermit thrush, yellow-rumpedwar-
bler, Grace's warbler, and pinesiskin. Burned areas, how-
ever, tended to have more speciesthat nested or foraged
on the ground than were found on the control site. Spe-
ciesthat appeared to exhibit positivenumerical responses
tofireincluded thechippingsparrow, lark sparrow, dark-
eyed junco, green-tailedtowhee, westernbluebird, north-
em flicker, and housewren. Overturf attributed thisdif-
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ferenceto burned sites possessingamorewel | devel oped
herbaceousunderstory than that in the control plot.

In one d the few studies to examine populations o
nonbreeding birds, Blake (1982) found pronounced sea-
sonal differencesbetweenfal, winter, and springin bird
species composition and bird abundances in ponderosa
pineforestsd thePrescott National Forest, Arizona(table
1). Hea sonoted spatial differencesthat corresponded to
differencesin fire and logging histories.Generdly,burned
areascontained moreindividual s, but they were distrib-
uted among fewer species than unburned sites. Species
restricted to burned areas included common poorwill,
western wood-pewee, scrub jay, house wren, hermit
thrush, and lesser goldfinch during thefdl; and Cassin’s
kingbird, rock wren, American robin, solitary vireo,
Grace's warbler, hepatic tanager, and black-headed gros-
beak during the spring. Species restricted to unburned
areas included band-tailed pigeon, acorn woodpecker,
Lewis woodpecker, Steller's jay, pygmy nuthatch, can-
yon wren, American robin, ruby-crowned kinglet, black-
throated gray warbl er, spotted towhee, chipping sparrow,
and fox sparrow during thefal; yellow-belliedsapsucker,
Lewis woodpecker, Steller's jay, plain titmouse, pygmy
nuthatch, ruby-crowned kinglet, and cedar waxwing dur-
ing thewinter; and band-tail ed pigeon, acorn woodpecker,
ash-throated flycatcher, Steller's jay, pygmy nuthatch,
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brown creeper, Bewick’s wren, ruby-crownedkinglet, log-
gerhead shrike, Virginias warbler, black-throated gray
warbler, Townsend's warbler,and spotted towheeduring
the spring.

Haldeman et al. (1973) reported breeding season and
wintering populations o birdsfroma ponderosa pinefor-
est northwest o Flagstaff, Arizona (table1). Their single
study area was the 13-ha Gus Pearson Natural Areathat
they characterized as undisturbed. They recorded 18 spe-
ciesduring winter countsand 69 speciesduring breeding
counts. Becausethey used different methodsto calculate
relative abundance for each season, compari sonsbetween
seasonsaredifficult. However, d theresident species(that
is, those present year round), the pygmy nuthatch was
the most common speci esduring both seasons. Other com-
mon wintering birdswere the mountai n chickadee, white-
breasted nuthatch, western bluebird,and dark-eyed junco.
Besides the pygmy nuthatch, other common breeding
birds included the violet-green swallow, dark-eyed junco,
mountai n chickadee, Americanrobin, and westernbluebird.

Horton and Mannan (1988)sampl ed popul ationsd cav-
ity-nesting birdsin the Santa Catalina M ountains, south-
eastern Arizona, as part o astudy to evaluate the effects
o prescribedfire. Theviolet-greenswallow and northern
flicker exhibited population declines following the fire,
whereas the mountain chickadee popul ation appeared to
increase. Horton and Mannan (1988) speculated that the
population shiftswere possibly attributabl eto changesin
prey abundance and shiftsin habitat usefollowingfire.

Bennetts (1991) investigated the relationship o breed-
ing birdsand dwarf mistletoein Colorado ponderosa pine
forests. Hefound positivecorrel ationsbetween mistletoe
and total bird abundance and number o species, aswell
aswithabundancesd eightforagingguilds. Heal sofound
strong positive correlations o mistletoe with snag num-
bersand the abundance d cavity nesting birds.

General Comparisons Among Studies

As noted previoudly, differencesin how studies were
conducted preclude rigorous comparisons. However,
somegeneralizationsare possible. Speciesrichness(num-
ber d species) during the breeding season ranged from
23 (Haldemanet al. 1973) to 47 (Siegel 1989). Fewer spe-
ciesweredetected during winter (14t016, Blake1982and
Haldeman et al. 1973) or fall (27, Blake1982) than during
the breeding season. Therangein speciesrichnessduring
the breeding season could have resulted from temporal
or geographicdifferences, or variationsin methodol ogies
or skill levelsdf observers.

Acrossthestudies, there wasa mixtured responsesto
heavy alteration of forest vegetation. In regard to fire,
abundancesd birds either increased (Blake1982) or de-
creased (Overturf 1979), whereasspeciescompositionwas
lower on burned sites in both studies. In clearcuts stud-
ied by Szaro and Bdda (1979), bird numbers decreased,
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but in open stands studied by Siegel (1989), species
richnessesweresimilar among open and " closed' stands.
These differencesindicate that treatments can dlicit vari-
able responses from bird species, probably because of
variationsin geographiclocation, and because d the his-
toric (prior) conditionsd theareas.

PopulationTrends

BBS data provide one d only a few sources d long-
term population datafrom which trends may beinferred.
However, without goinginto detailshere, it must be noted
that many problems have been identified with BBS data
and analyses (Peterjohnet al. 1995, Thomas and Martin
1996). These problemsinclude observer bias and biases
associated with sampling design. Furthermore, a lot o
discussionhasbeen devoted toidentifying thecorrect way
to analyze BBS data (Thomasand Martin 1996).

Regardlessd these potential limitations, Miller (1992)
evaluated population trendsd ponderosa pine birds us-
ing BBSdata. BBS routes were selected from Colorado (n
=5), Utah (n =5), Arizona(n =5), and New Mexico (n = 6)
that sampled managed ponderosa pine forests. Whether
or not these managed pine forestswere a representative
sample d pineforest d the southwest is unknown, but
populationtrendsin unmanaged pineforests(forexample,
old-growth forest, wilderness lands) may have differed
from those in managed forests. To ensure that standard-
ized methods were used, analyseswere done by the U.S.
Fish and Wildlife Service, Patuxent Research Center.

Miller examined trendsd individual speciesand groups
o species as defined by nesting strategy (for example,
primary-cavity, secondary-cavity, or cup nesters), nesting
habitat (woodland or coniferousforest), or residency sta-
tus(resident, short-distant migrant, neotropical migrant).
Analysesweredoneat thestatelevel for New Mexico (be-
causethiswastheonly state with adequate sampl es); New
Mexico and Arizona combined; Colorado and Utah com-
bined; and all four states combined. For New Mexico,
Miller found declining populations o 77 percent d all
birds examined (46 d 61), and from 50 to 100 percent o
the species within any o the groups that he evaluated
(table2). Fewer popul ation declineswerenoted when cen-
susroutesfrom states were pooled (table2).Of particular
interest wasthat about two-thirds(50)d thespeciesfound
in New Mexicoand Arizona (75total bird species) exhib-
ited significant population declines (table 2), and many
d these were birds that nested in open cups and species
that tended to be year-round residents. Miller identified
50 species that exhibited declines and 25 that exhibited
population increases (table3).

The Christmas Bird Count program, sponsored by the
National Audubon Society, provides information on the
abundanced birdswinteringin variouslocationsin North
America. There are, however, only two count locations
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Table 2. Proportion of bird species declining 1968 to 1990 along managed ponderosapine breeding bird survey routes, for
species with 25 routes counted, and an average of 20.5 birds per route (modified from Miller 1992).

New Mexico & Colorado & All four

Guild New Mexico Arizona Utah states
Woodland nesting 11 of 13 90of 16 5 of 11 6 of 19
(85%) (56%) (45%) (32%)

Coniferous nesting 8of8 6 of 11 50f7 4 of 14
(100%) (55%) (71%) (29%)
Primary cavity nesting 1of 2 20f3 1of 2 10of4
(50%) (67%) (50%) (25%)

Secondary cavity nesting 9 of 12 7 of 14 30f6 8 of 15
(75%) (50%) (50%) (53%)

Open cup nesting 23 of 26 20 of 31 10 of 18 26 of 41
(88%) (65%) (56%) (63%)

Permanent resident 11 of 11 10 of 12 30of5 10 of 14
(100%) (83%) (60%) (71%)

Short distance migrant 15 of 25 16 of 33 10 of 22 20 of 39
(60%) (48%) (45%) (51%)

Neotropical migrant 10 0of 13 9of 15 4 of 11 12 of 22
(77%) (60%) (36%) (55%)

All birds 46 of 61 50 of 76 210t 45 54 of 97
(77%) (66%) (47%) (57%)

that have been regularly surveyed in Southwestern pon-
derosa pine forest: one centered near Flagstaff, Arizona,
which hasbeensurveyed since1968, and another centered
near Mormon Lake, Arizona, which has been surveyed
since 1982. CBC data have been shown to produce reli-
ableindicationsd trendsin bird abundance when acount
hasbeen conducted for asufficient period o time (thatis,
about 20 years), and when a sufficient count effort has
been expended each year (Bock and Root 1981).Although
theFlagstaff count meetstheserequirements, trend analy-
ses should not be based on only one or a few counting
locations (Bock and Root 1981). Therefore, we have not
included analysesd CBC datain thisreport.

Several authors have recently documented range and
population shiftsfor particul ar Southwesternbird species.
For exampl e, Johnson (1994)suggested northward expan-
sion o the ranges o Grace's warbler, painted redstart,
hepatictanager, and summer tanager in responseto” natu-
ral" climate change over the past century. Based on an
extensive literature review, DeSante and George (1994)
concluded that willow flycatcher, buff-breasted flycatcher,
western bluebird, Bdl's vireo, summer tanager, and song
sparrow populations were decreasing across the west,
whereas berryline hummingbird, violet-crowned hum-
mingbird, black phoebe, European starling, red-faced
warbler, and brown-headed cowbird populations were
increasing. Whether or not these range shiftsand popul a-
tion trends apply to Southwestern ponderosa pineforest
isunclear, however, becausethe western regionreviewed

USDA Forest Service Gen. Tech. Rep. RM-GTR-292. 1997

by DeSanteand Georgeencompassesmany differentveg-
etation types.

Brawn and Balda (1988a) reviewed the population sta-
tusd Southwestern ponderosa pine birds and suggested
that broad-tailed hummingbird, acorn woodpecker, three-
toed woodpecker, purple martin, violet-green swallow,
mountain chickadee, white-breasted nuthatch, pygmy
nuthatch, brown creeper, western bluebird, mountain
bluebird, American robin, red-faced warbler, chipping
sparrow, and lark sparrow populations would also be
likely to declineover timein responseto past and present
land-use activities. Many d these species are ones that
nest in cavities or rely on a well-devel oped herbaceous
understory. We can presume that the synergisticand cu-
mulative effectsd natural vegetation change, livestock
grazing, logging, fuelwood harvest, and firesuppression
will underlie many o the predicted population declines
(discussedin detail in Finch et ., thisvolume).

Carotherset a. (1973a) briefly summarized the status
o selected speciesin northern Arizona. They noted that
theLewis woodpecker had becomeafairly common per-
manent resident, and theevening grosbeak alocally com-
mon permanent resident in ponderosa pineforest around
Flagstaff. In contrast, they noted a declinein numbers o
red-breasted nuthatches in ponderosa pine. They aso
noted that the exotic European starling had changed in
statusfromararewinter visitor or transient toacommon
winter resident and an uncommon summer resident in
the FHlagstaff area.
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Table 3. Increasing and decreasing bird species on managed
ponderosapine Breeding Bird Survey routesin Arizonaand
New Mexico, for species with 25 routes and 20.5 birds per
route (modifled from Miller 1992). These lists include both
songbirds and non-songbirds.

Decreasing Increasing
Mallard Turkey vulture
Killdeer Red-tailed hawk

Band-tailed pigeon
Mourning dove

Hairy woodpecker
Acorn woodpecker
Common nighthawk
Broad-tailed hummingbird
Western Kingbird
Ash-throated flycatcher
Say's phoebe
Western wood-pewee
Gray flycatcher
Horned lark

Western scrub jay
Common raven
American crow

Clark's nutcracker
Pinyon jay
Red-winged blackbird
Eastern meadowlark
Western meadowlark
Brewer's blackbird
House finch

Red crossbill

Lesser goldfinch

Pine siskin

Lark sparrow

Chipping sparrow
Canyon towhee
Black-headed grosbeak
Cliff swallow
Violet-green swallow
Loggerhead shrike
Warbling vireo

Solitary vireo

Virginia's warbler
Yellow-rumped warbler
Grace's warbler

Black-throated gray warbler

House sparrow
Northern mockingbird
Rock wren
White-breasted nuthatch
Pygmy nuthatch

Plain titmouse

Mountain chickadee
Common bushtit
Ruby-crownedkinglet
Mountain bluebird

American kestrel
Northern flicker
Cassin's kingbird
Cordilleran flycatcher
Steller’s jay

European starling
Brown-headed cowbird
Vesper sparrow
Spotted towhee
Green-tailed towhee
Blue grosbeak
Western tanager
Hepatic tanager
Purple martin

Barn swallow
Rough-winged swallow
Bewick’s wren

House wren
Red-breasted nuthatch
Townsend's solitaire
Hermit thrush
American robin
Western bluebird
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Ecological Roles

Seed Dissemination

Mistletoe

Hudler et d. (1979)studied theroled birdsinthespread
of dwarf mistletoe(Arceuthobium spp.) inaColoradopon-
derosapineforest. Long-distanceseed transmission (that
is, farther than possible by normal seed discharge) oc-
curred infrequently; successful infection occurred once
every four years on average. Mountain chickadees and
pygmy nuthatches were the primary vectorsd the para-
site. Laboratory studies showed that seeds seldom re-
mained viablewhen ingested by birds. Rather, successful
movement o the seeds occurred when they became at-
tached to bird feathersand later transferred to foliage.

Bennetts (1991) and Bennetts and Hawksworth (1991)
studied theindirect effectsof dwarf mistletoeon birdsin
a Colorado ponderosa pine forest. The total number o
birds and the total number o bird species detected in-
creased withincreasinglevelsd mistletoeinfestation; this
pattern was consi stent across most foraging assemblages
d birds. In addition, the number d snags and the abun-
dance o cavity-nesting birds increased with increasing
levels d mistletoe. The authors suggested that dwarf
mistletoeshould not be viewed solely asaforest pest (be-
cause d its often negative influence on commercial tim-
ber volume), but rather in thecontext of an ecological dis-
turbance processand itsinfluence on wildlifecommunities.
That is, mistletoe is a disturbance process that changes
the structure and function o ponderosa pine and other
host communities. In their review o the literature, they
alsofound that the witches broomscaused by the mistle-
toe are an important nesting and roosting substrate for
many species o birds and squirrels, and that some spe-
cies use mistletoe as a food source. Mistletoe has been
shown to serve as a nesting substrate by Forsman et al.
(1984), Bull and Henjum (1990), Bull et al. (1989);asa roost-
ing substrate by Martinka (1972);and asafood sourcefor
birds and other animals by Taylor (1935), Broadbooks
(1958), Urness (1969), Farentinos(1972), Craighead et al.
(1973), Currieet al.(1977), Hal1(1981), and Severson (1986).

Pine Seeds

Balda and his coworkers (for example, Balda and
Bateman 1971; Badda 1973, Bateman and Bada 1973) con-
ducted along-term, intensive study o the ecology and
behavior d the pinyon jay in anorthern Arizona ponde-
rosa pineforest. Pinyon jaysare year-round residentsand
obtain part d their winter food from pine seedsthat they
cached during thefall. Thiscachingbehavior hel psspread
pine seeds and thus plays a major rolein the population
dynamics o these trees. Clark's nutcrackers are also a
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seed-predator and a very important seed-disperser for
winglessseeds (for example, Pinus edulis) (Tomback and
Linhart 1990). Nutcrackers have been found to affect for-
est regeneration and to possibly extend the range d pin-
yon pines (reviewedin Christensen et al. 1991). They also
forageon ponderosa pine seeds, when they are available,
and may therefore play apart in the dynamics o ponde-
rosa pine forests. Another ponderosa pine seed-predator
is the red crosshill. The crosshill is nomadic, following
sporadic, scattered pine seed crops (Gill 1995:290). In the
Rocky Mountains, crossbillswill nest in January and Feb-
ruary if pine seeds are abundant (Gill 1995:275).

Indicators of Forest Conditions

Szaro and Bada (1982)di scussed thesel ectionand sub-
sequent monitoring d birdsasindicatorsd environmen-
tal change, using their data from a ponderosa pine forest
d northern Arizonaasan example. They noted that many
different definitions have been applied to the term " indi-
cator” for use in environmental management, including:
1) endangered and threatened plantsand animals; 2) spe-
ciescommonly hunted, fished, or trapped; 3) specieswith
speciaized habitat needs; and 4) plantsor animal ssel ected
becausechangesin their populations are thought to indi-
cate the effectsdf natural- or human-induced changeson
thecollectivespeciesd amajor biol ogical community. The
use d birds as indicators is controversia (for example,
seeMorrisonet al. 1992), primarily becauseindicator spe-
ciesmay beaffected differently from other speciesby habi-
tat changes. Neverthel ess, the concept isimportant here
because there are diverse opinions on the subject, and
because in certain situations (for example, chemically
polluted environments) birds can indicate habitat condi-
tions (Morrison1986).

Szaro and Bdda (1982) found that species such as the
hermit thrush, red-faced warbler, Cordilleran flycatcher,
and pygmy nuthatch, whicharefound inold-growthpon-
derosa pine forest and only lightly disturbed areas, are
replacedin moderately to heavily cut areasby speciessuch
asthewestern wood-pewee, yellow-rumped warbler,and
rock wren. Therefore, those species that are most sensi-
tiveto habitat perturbations may potentially makethebest
indicator species. Somespeciesthat are too rare to be use-
ful as indicators o the general community —such as
Virginias warbler, brown creeper, and hepatic tanager—
may be useful indicatorsd special habitat needs because
they breed in ponderosa pine. Szaro and Bada concluded
that the two speciesthat bestindicated theoverall "' health”
d thebird community werethe pygmy nuthatch and vio-
let-greenswallow. They based thisfinding on thefact that,
when they found high densitiesd pygmy nuthatches and
violet-green swallows, they also found high densities o
mogt o the other ponderosa pineforest bird species(see
Szaro and Bada 1982, table 1).
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" Habitat specialists" asindicator speciesare discussed
in Rich and Mehlhop (thisvolume).

Roost and Nest Cavity Formation

Scott (1978)summarized thefrequent used cavitiesin
dead or partially dead treesin ponderosa pine forest and
mixed pine woodlands in Arizona and New Mexico by
theAmerican kestrel, 7 speciesd owls, theel egant trogon,
11 species d woodpeckers, 2 flycatchers, 3 swallows, 5
chickadeesand titmice, 3 nuthatches, the brown creeper,
4 wrens, and 3 bluebirds. Similarly, Ffolliott (1983) sum-
marized the scant literature on cavity-nesting animalsin
Southwestern ponderosa pine forests and found that at
least 49 speciesd birds, 10 speciesd mammals, and nu-
merousspeciesd insectsand herpetofaunaused treecavi-
tiesin these forests. In addition, he noted that 63 percent
d thebirdsand 75 percentd themammalsthat aresnag-
dependent in Southwesternforestsareinsectivorous. This
diet preferenceisimportant because birds and mammals
have been credited with insect control that helps main-
tain ecosystem functioning.

An important interaction existsin ponderosa pine for-
estsinvolvingthelocationand suitability o potential nest
trees, the type and number o primary cavity excavating
species (especially woodpeckers), and the number and
distribution d secondary cavity nesting species. Although
secondary cavity nesting species will use non-bird exca-
vated holes (for example, holesresulting from disease or
broken branches) for nesting, their frequent use d bird-
excavated holesindicatesalikely preferencefor such cavi-
tiesor alimitation o aternative nest sites.

Brawn and Bada (1988b; see also Brawn 1985, Brawn
and Bada 1983) tested the common assumption that nest
siteslimit the breeding density o secondary cavity nest-
ersin an Arizona ponderosa pineforest. They found this
assumption to be only partially correct. They found that
secondary cavity nesters, as a group, can indeed be lim-
ited by nest sites. But only three o the sx species they
studied significantlyincreasedin density when provided
with artificia nest boxes, theseweretheviolet-greenswal -
low, pygmy nuthatch (which can also be a primary cav-
ity-nesting species), and western bluebird. Numbers o
house wrens, mountain chickadees, and white-breasted
nuthatches did not differ. They concluded that a given
population appearsto belimited by nest sitesif it issuffi-
ciently common during the breeding season and depen-
dent upon snags as asourced nest sites. Within species
that are nest site limited, availability d food or foraging
substratesand territoriality may determine an upper limit
tobreedingdensitiesif nest sitesarein amplesupply. Thus,
adynamic existsbetween nest sites, food availability, and
intra- and interspecific competition for nest sites.

A study o secondary cavity nestersin northern Ari-
zona by Cunningham et al. (1980) found pronounced in-
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terspecificvariation in the use o snagsfor nest sites; cer-
tain specieswere reliant on snags, whereas others rarely
used snags. For exampl e, nearly all violet-green swallows
and pygmy nuthatches nested in snags, whereas white-
breasted nuthatches were not so dependent upon snags.
Cunninghamet al. alsofound that mountain chickadees,
white-breasted nuthatches, and house wrens were rela-
tively uncommon regardliess o the availability o snags
and foragingsubstrate. It isthecommon speciesthat seem
toincrease the most after provision o nest boxes. Brawn
and Bada (1988b) speculated that this was becauserela
tively rare populations do not contain enough non-
breeding individuals (that is, floaters) to be able to take
advantage d theincreasein nesting sites. Common spe-
ciesthus can be nest-sitelimited, whereasrare speciesare
being suppressed by other factors. Brawnet a. (1987)a so
found that, during thebreeding season, interspecific com-
petitionfor food among secondary cavity nestersappeared
to be unimportant in ponderosa pine bird communities.
Thefactorsholding down numbersd rarespeciesarestill
generally unknown.

Thereisapparently an interaction between the species
o snag retained after treatmentsand theresponsed birds
to total snag density. Scott (1979) found that populations
o somespeciesd cavity-nestingbirdscan bereduced sig-
nificantly by removal o conifer snags even when some
aspen snags are left. Other hardwoods, such as oak, pro-
vide nesting sites for some species o birds within the
ponderosa pinetype. Somebirdssuch asswallows, how-
ever, may not make thechangefrom ponderosapinesnags
to the smaller hardwood snags.

Hay and Guntert (1983)examined the seasonal require-
ments for snags by pygmy nuthatchesin northern Ari-
zona ponderosa pine forest. They found that trees with
nest cavitieswere shorter and consequently had a small
diameter at breast height (dbh) compared to those used
for roosting during other seasons. Greater cavity height
d thefal and spring roostscompared to summer roosts
was related to moreabsorption o spring-fall radiation by
the former. In contrast, nest cavitiesappeared to be posi-
tioned to obtain moderate insolation and shielding from
the wind. Hay and Guntert stated that cavity selectionis
interrelated with the overall biology o the species, and
management should emphasi ze snag and/or cavity qual-
ity, rather than the absolute quantity of snags available.
They a so concluded that additional baselineresearchinto
the seasonal quality o cavitiesand snags needed for cav-
ity-dependent species in ponderosa pine forests was
needed.

Horton and Mannan (1988) studied the interrelation-
ship between fireand snag dynamicsin southeastern Ari-
zona ponderosa pine and mixed pine-oak forest. Natural
firesburned every 2 to 12 years in Southwestern ponde-
rosa pine beforesuppression by humans beginningin the
late19th century (for moredetails,seeMoir eta . and Finch
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et d., thisvolume). Thesefireswere usually light surface
firesthat produced generally open, park-likeconditions.
Modern forest management uses broadcast understory
firesto reduce accumulationsd woody debrisleft by log-
gingor natural processesto reducetherisk o catastrophic
crown fires. Thesefiresal soimpact snag dynamicsby con-
suming existingsnagsand creatingothersby killingtrees.
Horton and Mannan found that a single application of
moderately intense surfacefire resulted in anet decrease
o 33percent o snags preferred for nesting. However, no
species of cavity-nesting bird disappeared in the first
breeding season following the fires, and only the north-
ern flicker and violet-green swallow declined in abun-
dance. They concluded that these changes were not due
to a shortage o snags. Their study, however, was con-
ducted for only one year followingfire treatment.

Snag Management

According to Scott (1978), little information existed on
management guidelinesfor cavity nesting birdsin South-
western ponderosa pine forests prior to the late 1970s.
Before that time, snags were removed during forest har-
vest becaused potential fireand safety hazards, and many
thought they had poor aesthetic value and were indic-
ative o an unhealthy forest. Using hisown researchand
that o Bada(1975), Scott (1978)concluded that, on aver-
age, at least 25large (243cm dbh) snags per acre should
beretainedin ponderosapineforests. In addition, all natu-
rally occurring snags should be left during timber har-
vest. Specificaly, he found that 1) snags usually did not
become suitable for nesting until 6 years after the trees
died; 2) snags that retained more than 40 percent o their
bark wereused morefrequentlyand contained moreholes
than those with less bark; 3) snagsin higher dbh classes
(243cm) were used significantly morethan smaller snags
and the larger snags also contained more holes; 4) snags
on northern and southern aspectswere used at about the
same frequency, but those on northern exposures aver-
aged more holes per snag; and 5) snags over 23 m tall
wereused at asignificantly higher ratethan shorter snags,
but comprised only 16 percent o the availablesnags.

Bdda (1975) found that 4.2 snags/ha were necessary in
ponderosapineforeststo achieveaveragedensitiesand natu-
ra species diversity o secondary cavity nesters. He also
stated that 6.7 snags/ha were necessary to maintain maxi-
mum densitiesand natural speciesdiversity o these birds.

Ffolliott (1983)examined theimplementation of USDA
Forest Service snag guidelines on study areas across the
ponderosa pine belt d northern Arizona, examiningboth
present conditions and simulated (modeled) conditions
at theend d a20-year period. Snagsweredefined asstand-
ing dead treesat least 30 cm dbh and 3.1 min height; no
differentiation was made between hard and soft snags.
Hisanalysesshowed that noned hisstudy areasthat had
been subjected to varioussilvicultural treatments met any
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d thesuggested policesfor snag retention (USDA Forest
Servicel977). From hisanalysis, only virginforest would
meet a retention policy d 25 to 5.0 snags/ha through
natural mortality.

Rosenstock (1996)found that snags>46 cn dbh and >10
m tall werefrequently used for nesting in ponderosa pine
forest. Cunningham et al. (1980)found a preference for
snags >58 cm dbh and >20 m tall on the Beaver Creek
Watershed in northern Arizona. Paine and Martin (1995,
ascitedin Rosenstock 1996) found that 84 percent d pon-
derosasnags used for nesting on their Mogollon Rimstudy
siteswere >30 cm dbh and >10 m tall. Horton and Man-
nan (1988) found a preferencefor snags>51 cm dbh.

Thisreview indicates that little research has been con-
ducted on snag requirements in ponderosa pine forests.
Studiesthat have been conducted demonstratethat at | east
5 large snags/ha may be necessary to maintain popula-
tionsd cavity-nesting species. However, it aso appears
that these guidelines are not being attained on at least
somed theforested lands.

Predator-Prey Relationships/Pest Control

As reviewed by Holmes (1990), numerous bird species
respond both functionally and numerically to increasing
prey densities. Whilebirds seem unableto prevent popu-
lation epidemics o their prey, they do appear to have a
substantial impact when prey populations areat endemic
levels.From hisreview d theliterature, Holmesconcluded
that birds could delay the onset o an insect outbreak. For
example, modeling o sprucebudworm populations sug-
gested that predation by birds may be asignificant factor
in maintaining endemic population levelsd thisspecies.

Asreviewed by Dahlstenet a. (1990)for western mixed-
conifer forests (which include ponderosa pine as a major
component), many speciesd forest birdsconcentratetheir
foraging activitieson insect speciesconsidered to befor-
est pests. In addition, Koplin (1969)demonstrated afunc-
tional response o woodpeckers to insect outbreaks. In-
sectivorousbirdsmay asoincreasethefitnessd theplants
on which they forage for arthropod prey. For example,
Marquisand Whelan (1994) examined the effect o insec-
tivorous birds on white oak (Quercusdba) growth in a
deciduous forest in Missouri. Through experimental ma-
nipulations they demonstrated that the presenced birds
enhanced thegrowthd juvenileoaksviabird consumption
d leaf-chewinginsects(primarily L epidopteranlarvae) . They
suggested that forest management practices that promote
theconservationd insectivoroushird specieswill helpmain-
tain forest productivity. Theextensiond thisto ponderosa
pineforests(withor without an oak component)isobvious.
Marguisand Whelan further suggest that although insecti-
cide spraying and handpickinginsectsdf treescan reduce
their numbers, theseare not necessarilyfeasiblealternatives
for controlling arthropod numbersin forests.
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Insect consumption of cones and seeds can negatively
impact vertebrate use o such resources. Christensen and
Whitham (1993)found that stem- and cone-boringinsects,
birds (Clark's nutcrackers, pinyon jays, and [western]
scrub jays), and mammals competed for pinyon pine
seeds. And insect herbivoresindirectly affected resource
use by the vertebrates through a 57 percent average re-
duction in crop sizes. Thus, the foraging d birds on in-
sectsplaysseveral important rolesand isasignificant fac-
tor to consider in the management o ponderosa pine
forests. Thereisa paucity d information on this subject,
however, so thisisan important area for research.

Habitat Use

General Habitat Use

Bada (1967,1969)studied the use o foliage by breed-
ing birdsin ponderosa pine and oak-juniper forestsd the
Chiricahua Mountains, Arizona. He found that certain
species (such as the pygmy nuthatch) were closely asso-
ciated with ponderosa pine o many heights, whereas
other species (such as the chipping sparrow) were found
in specific height layersregardlessd the tree speciesin-
volved. Other species such as Grace's warbler were re-
strictedto particular heightsin pines. The modelsfor pines
strongly suggested that foliage volume may bean impor-
tant factor inlimitingthedensitiesd the pygmy nuthatch
and Grace's warbler, even though theformer speciesisa
cavity nester. Bada (1970) also described the bird com-
munity present in oak and oak-juniper-pinewoodlands.

Marshall (1957) summarized surveys he conducted in
pine-oak woodlands during the summers o the early
1950sfrom the Pinaleno and Santa Catalinamountains in
Arizona, south into central Sonoraand to theSierraMadre
Occidental o northwestern Chihuahua, Mexico. Ponde-
rosa pine entered his pine-oak woodlands only occasion-
dly. Therdated A pachepinewas morefrequently encoun-
tered on hissites, along with chihuahua pine(P. Ieophylla).
Marshall provided descriptionsd theoverall relationship
between thedistribution  birdsand plantsin theregion
and summarized his observations in annotated species
notes. O particular interest are his observationsd pine
(and pine-oak) forest birdsd current special concern, in-
cluding the thick-billed parrot, buff-breasted flycatcher,
elegant trogon, spotted owl, and Montezuma quail, be-
cause he details the population status and describesthe
habitat affinitiesd these species.

Carotherset al. (1973a) edited a volume that summa-
rized the status and general habitat preferences d birds
in the San Francisco and White mountains o Arizona,
concentrating on breeding birds. A paper by Haldeman
et al. (1973)included a brief section on wintering birds,
where18 specieswere observed during thewinter in pon-
derosa pineforest, and 69 species were observed during
summer, d which 23 were known to nest. They consid-
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ered the following species to be exclusive users o the
ponderosa pine forest during their study in this region:
solitary vireo, western bluebird, and Brewer's blackbird.
The pygmy nuthatch, violet-green swallow, American
robin, white-breasted nuthatch, and Grace's warbler were
consideredto be" characteristic’d ponderosa pineforest
(that is, found to be two to three times as abundant than
in acomparison area).

Franzreb published aseriesd papers(1978,1983,1984)
that detailed resultsdf her study o birdsin amixed Dou-
glasfir, ponderosa pine, and Southwestern white pine
forest in theWhiteMountains, Arizona. In thismixed-co-

_nifer forest, she found that pnderosapine and Southwest-
ern white pine were used |ess frequently than expected
based ontotal foliagevolume, whereasuseexceeded avail -
ability for Douglas-fir, white fir, and Engelmann spruce.
Shealsoshowed, however, that certain species, especially
the Grace's warbler, relied upon pines for foraging.
Franzreb's 1978 and 1983 papers al so discussed theinflu-
enced logging on bird abundance and foraging behav-
ior. Her 1984 paper detailed theforaging behaviorsd the
ruby-crowned and golden-crowned kingl ets. Both species
strongly preferred spruce and Douglas-fir and avoided
pinesfor foraging.

Salomonsonand Bada (1977) examined the winter be-
havior d the Townsend's solitaire in a pinyon-juniper-
ponderosa pine ecotone in northern Arizona. Territory
size, and ultimately survival, were related to the abun-
dance o juniper berries. Laudenslayer and Bada (1976;
also Laudenslayer 1973y studied the breeding birds o-a
pinyon-juni per-ponderosa pine ecotone in northern Ari-
zona. They concentratedon fivebird speciesand described
their densities, foliage preferences, and foraging habitats.
Themountain chickadeeand solitary vireo preferred pon-
derosa pine; thebushtit and plain titmouse preferred pin-
yon-juniper;and chipping sparrowswerefound through-
out the ecotone.

Overturf (1979) compared the breeding bird communi-
ties on burned and unburned sitesin ponderosa pine o
northern Arizona. The burned sites showed a decreased
number d bird speciesand bird abundance, which were
related to the decrease in habitat heterogeneity and loss
d the canopy and shrub-sapling vegetation layer. In ad-
dition, burning caused ashiftin bird speciescomposition
from foliage users to ground-using birds because burn-

-ing caused an increasein herbaceousplants Overturf con-
cluded that burning in this " pyroclimatic monoculture”
would be an effective management strategy because it
simulated natural fires and increased the overall habitat
heterogeneity in theforest (for more details, see Finch et
a., thisvolume).

Szaro and Bada (1979, 1986) and Szaro et a. (1990)
found that significant temporal variations occurred in
habitat useand foraging behavior d ponderosapinebirds
in northern Arizona. Szaro and Bada (1986)showed that
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bird density and speciesrichnesswereinfluenced by both
wesather and timber harvest. The effects o weather on
birdsvaried depending on thetype d timber harvest con-
ducted, although the harvest typewasd primary impor-
tancein determining community structure. Theimpact of
harvest was clearly more pronounced after the mildest
winter and tended to be minimized after theseverest win-
ter. They concluded that studies must be conducted dur-
ing avariety d weather conditions (over many years) to
determine the trend d bird responsesin different forest
types (including different harvest types). Smilarly, Szaro
et al. (1990) showed that weather and harvest type sig-
nificantly influencedforagingbehaviorsd ponderosapine
birds over athree-year period. They urged that studiesbe
conducted that identified the proxi matemechani smsthat
caused thisvariationin foragingbehavior. They suggested
that such causes would include resource availability,
weather conditions, predation, and plant phenology.
Szaro and Bada (1982) summarized the habitat prefer-
encesd ponderosapineforest peciesbased on their study
o various seral stages (see also Szaro and Bada 1986;
Szaro et al. 1990; and as summarized above). The distur-
bance regime they used to simulate seral stages ranged
from uncut, mature forest to severely thinned forest (see
table 4). Sx species (of 25 total species, or 24 percent)
showed no distinct habitat preferences: the northern
flicker, hairy woodpecker, Steller's jay, common night-
hawk, mourning dove, and white-breasted nuthatch. Six
species (24 percent) preferred undisturbed or only lightly
thinned mature forest: the red-fared warbler, hermit
thrush, Cordilleran flycatcher, pygmy nuthatch, violet-
greenswallow, and black-headed grosbeak. Similarly, two
additional species(8percent; dark-eyed juncoand moun-
tain chickadee) preferred undisturbed to moderately dis-
turbed (cut) forest, and another four species (16 percent)
preferred lightly to moderately disturbed areas (Grace's
warbler, yellow-rumped warbler, western tanager, west-
ern bluebird). Thus, up to 18 species(72 percent) seemed
to prefer mature forest with some disturbance (includes
those species showing no distinct preferences).An addi-
tional six species (24 percent) preferred lightly to heavily
disturbed (chipping sparrow and solitary vireo), moder-
ately to heavily disturbed (western wood-pewee, Ameri-
can robin, and broad-tailed hummingbird), or heavily dis-
turbed (rock wren) areas. Findly, the acorn woodpecker
was confined to oak groves. The authors concluded that
thehermitthrush, red-faced warbler, Cordilleran-fly=
catcher, and pygmy nuthatch showed strong preference
for undisturbed to only slightly disturbed forest.
Stallcup (1968)studied habitat segregation d foraging
nuthatches and woodpeckers in a Colorado ponderosa
pineforest and described the density and compositiond
thisgroupd birdsthroughout theyear. Birdsstudied were
thewhite-breasted, red-breasted, and pygmy nuthatches,
hairy woodpecker, northern (red-shafted) flicker, and
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Table 4. Habitat preferences of birds in selected ponderosa
pine stands in northern Arizona (from Szaro and Balda
1982). The disturbance regime ranged from (in increasing
intensity of disturbance): untreated mature forest,
silviculturallycut, irregular strip cut, to severely thinned cut.

Preference
Species

None
Northern flicker
Hairy woodpecker
Steller's jay
Common nighthawk
Mourning dove
White-breasted nuthatch
Nondisturbed or lightly disturbed areas
Red-faced warbler
Hermit thrush
Cordilleran flycatcher
Pygmy nuthatch
Violet-green swallow
Black-headed grosbeak
Nondisturbed to moderately disturbed areas
Dark-eyed junco
Mountain chickadee
Moderately to heavily disturbed areas
Western wood pewee
American robin
Broad-tailed hummingbird
Heavily disturbed areas
Rock wren
Lightly or moderately disturbed areas
Grace's warbler
Yellow-rumped warbler
Western tanager
Western bluebird
Lightly to heavily disturbed areas
Chipping sparrow
Solitary vireo
Oak groves
Acorn woodpecker

Williamson's sapsucker. Red-naped sapsuckers, downy
woodpeckers,and northern three-toed woodpeckerswere
present but rare. Theabsenced the red-breasted nuthatch
during breeding may have resulted fromashortaged nest
sites, or morelikely,alack d foraging spacebecaused com-
petition from other species. Stallcup suggested that food
shortagesmight be responsi blefor segregating bird species.

Apparently the most recent study availableon the gen-
eral habitat affinitiesd ponderosa pine birds was con-
ducted by Rosenstock (1996).Henoted that previousstud-
ies on the effects of forest treatments on birds in
Southwestern ponderosa pine (for example, Szaro and
Bada 1979) examined treatments that are no longer in
common use (for example, clear-cuttings, strip cuttings).
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As such, he examined the abundance o birds across a
wider gradient o pineand pine-oak seral stagesthan had
previously been conducted. In summary, hefound 43spe-
ciesin pine-oak, and 38 in pine. Two rather uncommon
species (Clark's nutcracker and evening grosbeak) were
found only in pine, whereasseven specieswere unique to
pine-oak (dusky flycatcher, downy woodpecker, lesser
goldfinch, rock wren, spotted towhee, Virginias warbler,
and, warbling vireo), and al but the Virginias warbler
were rare or uncommon. Four common species—acorn
woodpecker, black-headed grosbeak, housewren, and red-
faced warbler —were found primarily in pine-oak. Densi-
tiesd violet-green swallows and western wood pewees
were higher in pine patches, whereas American robins,
hermit thrushes, and white-breasted nuthatches were
more abundant at pine-oak sites. By vegetativestructural

stage (VSS see Mair et dl., thisvolume, for definitionsd

VSSs), neotropical migrant abundances and speciesrich-
nessweresimilar across VSSclassesat pine-oak sitesbut
were highest at VSSclass4 and 6 in pine. Residentsand

short-distance migrantshad similar abundances and spe-
ciesrichnessin al VSS classesin pine-oak. At pine sites,
however, abundance o thesegroupsd specieswaslower
in VSSclass 3 stands but similar in al other classes; class
6 had a higher speciesrichnessthan theother classes. Cav-
ity nesting species had smilar abundances and richnesses
acrossdl pine-oak classes, and acrossdl pineclassesexcept
class6, which had considerably higher values.

Although Rosenstock noted that previous studies in
Southwestern ponderosa pine wereconducted beforethe
importance d spatial variableson bird communitieswas
widely acknowledged, he was not able to determine the
influenced patch size and other spatial attributes on the
bird community he studied.

Nesting Habitat

Martin (1988) studied the ability d nest predation to
explain patterns o covariation in species numbers with
area and habitat in mixed ponderosa pine forest and
maple-dominated standsin central Arizona. Variation in
numbers d speciesamong drainages was positively cor-
related with variation in thedensity d foragingand nest-
ing substrates. His results were consistent with a predic-
tion that birds select nest sites based in part on the
availability o sitesthat minimized their risk o nest pre-
dation, and that these sitesincreasein number with den-
sity o foliageat nest height. Hisresultswerealso consis-
tent withahypothesisthat availability o suitablenest sites
isone d the basesfor the relationship between species
numbers and foliage density for foliage-nesting species.
In arelated study, Martin and Roper (1988)detailed their
findings for the hermit thrush. They found that hermit
thrushes had low nesting success (7 to 20 percent), due
mostly to nest predation. The structure o vegetation
around the nest influenced the predation rate and likely
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the nest-site availability. Likewise, Li and Martin (1991)
presented results from the same study region for cavity-
nesting species. Although aspens accounted for only 12
percent o al trees present in the study area, dead aspen
accounted for 88 percent of all nest sites. Li and Martin
also identified specific aspen-conifer patches that were
chosenfor nesting and foraging. Nest cavity height influ-
enced nesting success, with the lower nests showing the
lowest success. Theauthorsnoted that populationsd cav-
ity nesters might decrease if aspen snags decreased in
height and abundance; alternative conifer snagswererare
becausemost largetreeswere harvested beforethey died.

Siegel(1989)examined the distribution and abundance
d birdsinvirgin old growth and mature managed pon-
derosa pineforest in northern Arizona (tablel). The ma-
ture managed stands met the " minimum" USDA Forest
Servicestandardsfor old-growthforest. Siegd reached the
following conclusions. First, brown creepers used large
(>20 inches dbh) snags, in denser stands o older trees,
with large piecesd sloughing bark. Such conditions pro-
vided the necessary micrositesfor nest placementand also
served asforaging sites. Second, hermit thrushes nested
in the canopies d mature trees, in contrast to the much
smaller treesthis species usesin other parts o itsrange.
Siegd felt that small pinewere not used becausethey did
not provide thenecessary support branchesfor their nests
nor the foliage necessary to conceal the nests. He also
thought that placement o nestsin the canopy served bet-
ter to regulate nest temperatures. In addition, hermit
thrushes also foraged in moist, cool sites. Third, a higher
total density o birds wasfound in dense standsd pine
compared to other stands and was apparently dueto the
greater abundance o aspen and the concomitant wetter
conditions in these stands. The warbling vireo, violet-
green swallow, western wood-pewee, Williamson's sap-
sucker, and three-toed woodpecker were more common
in the dense stands because they used thegrovesd pine-
aspen for nesting and foraging. Also, the mesic, dense
stands may have supported higher bird abundances be-
caused their greater total foliage volume, and concomi-
tantly, higher densities o invertebrate prey. In contrast,
species richness was only slightly higher in older and
denser stands, indicating that this situation did not fol-
low the standard positive relationship between foliage
height diversity and bird speciesdiversity.

Findly, Siegel (1988) concluded that the mesic con-
ditions created in denseold growth likewisecreated con-
ditions that were more characteristic o forestsat higher
elevationsor latitudes (that is, Canadian and Hudsonian
life zones). Theseconditions apparently provided the re-
sources used by the brown cregper, hermit thrush, three-
toed woodpecker, northern goshawk, and saw-whet owl in
ponderosapine. Warmand dry exposuresin moreopenold-
growthstands wereeither unsuitable or marginal locations
for these species.
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MCcEllin (1979) compared the demography, territorial
spacing, and foraging behavior o white-breasted and
pygmy nuthatchesin Col orado ponderosapineand mixed
ponderosa pine-aspen stands. White-breastednuthatches
nested primarily in natural cavitiesinlive pines, whereas
pygmy nuthatches nested in pre-existing cavitiesin dead
pines; cavity availability washigher for thelatter species.
Significant differences were shown for the foraging be-
haviors,within sexesd each speciesand between species:
differences in foraging heights, and foraging locations
within trees (for example, limbs versus trunks). McEllin
concluded that these species exploited different aspects
o foreststructure; that is, white-breastednuthatcheswere
morespecialized inthevertical, horizontal,and treestruc-
ture dimensions, whereas pygmy nuthatches showed
greater speciaizationin food items and prey acquisition
behaviors. With regard to forest management, McEllin
stated that careful analysesd theseecol ogicd relationships
isanecessary requirementd any program. Artificia repro-
ductiond favorable conditionsfor one species or one sea-
son might result in unfavorabl econditionsfor another spe-
ciesor season. Detailed analysesd space utilizationpatterns
withinand betweenspeciesunder differentforest conditions
can provideecologica informationthat will beimportantin
designing forest management strategies.

Brawn (1991)studied the reproduction and foraging o
western bluebirdson two ponderosa pine sitesin northern
Arizonaand found that breeding phenology and alocation
d parental care were adjusted by bluebirdsin responseto
locd environmental conditions. Brawn alsofound that feed-
ing ratesd nestlingsand fledging successwere greater on
the moderately logged site than on the heavily logged site.

Migrant Use of Ponderosa Pine

Vay littleinformation existson use o stopover areas
by migrant birds, including what vegetation types and
habitats are most important to birds during migration,
where these sites occur, and how their distribution and
abundance are changing over time (Moore et al. 1995).
Also, because more migrants pass through the eastern
two-thirds o the United States, most o theliterature on
stopover sitesconcernseastern migrants. Hence, thereare
few papers describing the specific use d Southwestern
ponderosa pine forests as stopover sites. For example,
Phillipset a. (1964) presented information on bird spe-
ciesin Arizona; and althoughin the speciesaccountsthey
implied that several o thespeciesmigrated through pon-
derosa pine forestsin the state, they did not state it ex-
plicitly (table5).Hejl (1994, table 3), summarizing Brawn
and Bada (1988a), also listed speciesthat occur in South-
western ponderosa pineforestsbut did not indicatethose
that wereonly migrating through theforests. Onthe other
hand, Hutto (1985)found that stopover periods for tran-
sient (migrant) birds in fall and spring rarely exceeded
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Table 5. Breeding (B), wintering (W), and probable strictly migrant (M) birds in ponderosa pine forests (with oak or other
plant species co-dominant) in Arizonaand New Mexico, based on Phillips et al. (1964) and the New Mexico Partners in Flight
list of sensitive bird species. Includes both Cordilleran (ponderosa pine) and Madrean (ponderosa and Apache) pine-oak
forest types together. An asterisk () indicates a species for which there is some question about its use of ponderosapine

when it is in Arizona.

State State
Species Species
Arizona Rock wren* (B) New Mexico Red-tailed hawk (B,W)

Band-tailed pigeon (B)
Mourning dove (B)
Whip-poor-will (B)

Vaux's swift* (M)
White-throated swift (B)
Black-chinned hummingbird (M)
Broad-tailed hummingbird (B)
Rufous hummingbird* (M?)
Allen's hummingbird* (M?)
Calliope hummingbird (M)
Rivoli's hummingbird (B)
Elegant trogon (B)

Northern flicker (B,W)

Acorn woodpecker (B,W)
Lewis' woodpecker (B,M)
Red-naped spasucker (W)
Yellow-breasted sapsucker (W)
Williamson's sapsucker* (B?,W,M)
Hairy woodpecker (B,W)
Downy woodpecker (B,W)
Three-toed woodpecker (B,W)
Cassin's kingbird (B)
Sulphur-bellied flycatcher (B)
Dusky-capped flycatcher (B)
Black phoebe' (B,W?)
Buff-breasted flycatcher (B)
Cordilleran flycatcher (B)
Southwest willow flycatcher (B)
Greater pewee (B)

Olive-sided flycatcher (B,M)
Western wood-pewee (B)
Violet-green swallow (B)

Tree swallow* (B?)
Rough-winged swallow (B)
Purple martin (B)

Steller's jay (B,W)

Western scrub jay* (M?)
Mexican jay (B,W)

Common raven* (B,W)

Pinyon jay (B,W)

Mexican chickadee (B,W)
Mountain chickadee (B,W)
White-breasted nuthatch (B,W)
Red-breasted nuthatch (W)
Pygmy nuthatch (B,W)

Brown creeper (B,W)
American dipper* (B,W)
Winter wren (W)

House wren (B)

Canyon wren* (B)

American robin (B,W)
Hermit thrush (B)

Eastern bluebird (B,W)
Western bluebird (B,W)
Mountain bluebird (B,W)
Townsend's solitaire (B,M)
Blue-gray gnatcatcher* (M)
Golden-crowned kinglet* (W)
Ruby-crowned kinglet* (M)
Olive warbler (B)

Water pipit* (M)

Cedar waxwing* (M)
Loggerhead shrike (M)
Hutton’s vireo (W)

Solitary vireo (B,M)
Warbling vireo (B,M)
Orange-crowned warbler (B)
Virginia's warbler (B)
Yellow-rumped warbler (B,M)
Townsend's warbler (M)
Hermit warbler (M)

Grace's warbler (B)
Common yellow-throat* (M)
Red-faced warbler (B)
Wilson's warbler* (M)
Painted redstart (B)
Red-winged blackbird (B,W)
Brown-headed cowbird (B)
Bronzed cowbird (B
Western tanager (B,M)
Hepatic tanager (B)
Black-headed grosbeak (B,M)
Evening grosbeak (B,W)
Red crossbill (B,W)
Cassin's finch (B,W)

House finch* (B,W)

Pine siskin (B)

Lesser goldfinch (B,W)
Green-tailed towhee* (B)
Spotted towhee (B)
Savannah sparrow* (W)
Lark sparrow* (B)

Tree sparrow* (W)

Chipping sparrow (B,M,W)
Dark-eyed junco (B,M,W)
Yellow-eyed junco (B,W)
White-crowned sparrow* (M)
Lincoln's sparrow* (B)

Song sparrow* (B,W)

Virginia's warbler (B)
Olive-sided flycatcher (B)
Grace's warbler (B)
Band-tailed pigeon (B)
Red-naped sapsucker (B,W)
Willow flycatcher (B)
Hammond's flycatcher (B)
Peregrine falcon (B)
Williamson's sapsucker (B,W)
Dusky flycatcher (B)
Cordilleran flycatcher (B)
Olive warbler (M)

Hepatic tanager (B)
Broad-tailed hummingbird (B)
Cassin's kingbird (B)
Western bluebird (B, W)
Townsend's solitaire (B,W)
Northern goshawk (B,W)
Flammulated owl (B)
Mountain bluebird (B,W)
Swainson's thrush (B)
Wilson's warbler (B)
Cooper's hawk (B,W)
White-throated swift (B)
Magnificent hummingbird (M)
Greater pewee (M)

Purple martin (B)
Golden-crowned kinglet (B,W)
Hermit thrush (B,W)

Veery (B)

Warbling vireo (B)
Orange-crowned warbler (B)
Western tanager (B)
Black-headed grosbeak (B)
Sharp-shinned hawk (B,W)
Western wood-pewee (B)
Cassin's finch (B,W)
Ash-throated flycatcher (B)
Tree swallow (B,W)
Violet-green swallow (B)
Ruby-crowned kinglet (B,W)
Spotted towhee (B,W)
Chipping sparrow (B)
Lincoln's sparrow (B)

Brown creeper (B,W)
Yellow-rumped warbler (B,W)
Northern flicker (B,W)
Dark-eyed junco (B,W)

Pine siskin (B,W)

House wren (B)

American kestrel (B,W)
American robin (B,W)
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fourtosix daysin pine (mostly Apache; P engdrnanii)and
other vegetation in the Chiricahua Mountains, Arizona;
and Mooreet d. (1995)demonstrated that riparian or riv-
erine areas in the southwest are vital for Southwestern
migrants, notably the woodland species.

In general, stopover sites are used for depositing and
replenishing lipid stores, molting, and resting (Mooreet
al.1995).Stopover sitesarecrucial to amigrant bird’s sur-
vival, especially long-distance migrants. Migration, al-
though it alows birds to avoid overwintering in harsh
environments, also haslarge costs associated with it, in-
cluding the high energetic demands o transport (espe-
cially when there are climatic stresses); the multiple ad-
justments necessary to exploit unfamiliar sites; the
conflicting demands o predator avoidance and food ac-
quisition at stopover sites; and competition with other
migrants and resident species for resources (Morse
1989:205; Mooreet al. 1995).

Variousfeatures may cue migrantsinto selecting stop-
over sitesin ponderosa pine forests, such as the proxim-
ity to riparian corridors, the forest structure, or the feed-
ing ratesor numbersd other migrants at sites (Mooreet
al. 1995). In astudy d spring migrants crossing the Gulf
o Mexico, Mooreet al. (1995)found that the birdsclearly
selected areas with greater structural diversity following
theflight. The areas were comprised o forests with com-
plex mixed-shrub layers and contained the greatest di-
versity and abundance o migrants. However, Morse
(1989:96) summarized studies o habitat selection by mi-
grating warblersand found that habitat selection is sub-
ject toimmediateand magjor fitnesspayoffs, indicatingthat
selection o stopover sites may be influenced by factors
other than vegetative structure. Climate changes, for ex-
ample, may affect the choice o stopover sites, and ulti-
mately wintering sites. Terrill and Ohmart (1984) found
that thewintering rangesd yellow-rumped warblersdif-
fered from year to year in Arizona and adjacent Mexico
apparently becausethebirdswereretreatingfarther south
in years when the winters were severe.

The amount o habitat actually available to migrants
along the migration route is probably inherently limited,
however, because migrantscannot take thetimeto search
extensively for the "best” stopover sites (Moore and
Simons 1992). This is due to a bird’s need to reach the
breeding area beforeit is saturated with conspecifics, or

t o reach the wintering area before the onset of severe
weather. Studies of warbler species have demonstrated
that some species use stopover sites that resemble those
used on the breeding grounds, whereas other species do
not usesimilar sites (reviewed in Morse1989, chapter 9).
Furthermore, the distributionsd migrant birdsare often
correlated with changesin food avail abilities(M orse1989;
Martin and Karr 1990; Mooreet al. 1995). Because migra:
tion is a period d exceptional energy demand, it prob-
ably exerts strong selective pressures on the maximiza-
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tiond foraging efficiency (Mooreand Simm 1985). Hutto
(1985) found that the distribution o most insectivorous
migrant birdsin the ChiricahuaMountains, Arizona, was
correlatedwiththeabundanced arthropodsin thoseveg-
etation types. He concluded that birds foragewhere they
can be most efficient, unlessinterspecific competitivein-
teractionsforce them to modify their first choice.

Species of Special Concernin
Ponderosa Pine Forests _

In this section we summarize current information on
speciesd special concernin Southwesternponderosapine
forests. To identify such species, we consulted the 1995
ArizonaPartnersin Flight (AZPIF)and 1994 New Mexico
Partnersin Flight (NMPIF)listsd sensitivebreeding and
wintering terrestrial bird speciesin the states. For these
lists, bird specieswereranked accordingto scoresderived
fromtheir local and global distributions and abundances;
the severity o threats on their breeding and wintering
grounds; and the "importance™ d Arizona and New
Mexicoto their overall distributions.

AZPIFand NMPIF also summarized the primary veg-
etation associationsused by each bird species. The lists
were created based on species accountsin the literature
(for example; Phillips etal . 1964), as-well asunpublished
data. We did not consult state wildlifeagency publications
onthreatened and sensitivespecies(forexample, Threatened
Native Wildlifein Arizona, Arizona Department d Game
and Figh, 1988; BISON-M database, New MexicoDepartment
d Game and Fish, 1996) because Atwood (1994) demon-
strated that these publications were often incomplete and
erroneous. We cautionthat theAZPIFand NMPIFlistsmay
asosuffer fromthesameweaknesses, but at ann ni numthe
listshavebeenreviewed by authoritieswhoarefamiliar with
thedistributiond birdsin each state.

Arizona

Speciesadf special concernreceived ranksfrom 1 to100.
Of the approximately 240 speciesgiven ranksin Arizona,
100 o these use ponderosa pine for breeding, wintering,
and/or migrating. Of thesehundred, 11 speciesweregiven
ranks150 (table6), indicating that they arevery high pri-
ority species—ones o special concernin thestate—either
because d low local or global abundances; restricted glo-
bal or Arizonabreeding distributions; substantial poten-
tial for extirpation on the breeding or wintering grounds;
and/or a high importance o Arizonato the total breed-
ing distribution of thespecies. O thesespecies, thewhip-
poor-will,elegant trogon, buff -breasted flycatcher,and sul-
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phur-bellied flycatcher are at the northern edge of their
rangesin Arizona, with the mgjority d their numbers oc-
curring in Mexico. Atwood (1994)suggested that thein-
clusion o these speciesbased solely on their limited oc-
currence at the northern extension d their ranges may
ultimately divert research and management attention that
should be given to truly threatened species. Two species
ontheligt, thesouthwest willow flycatcherand olive-sided
flycatcher, have shown declines in the state (and else-
where), probably due to habitat destruction, and for the
willow flycatcher, cowbird parasitism (Robinson et al.
1995). Theremaining specieson thelist were placed there
becaused perceived moderateto extensivethreatson the
breedingand/or wintering grounds, and/or localizedand
isolated breeding distributions.

Another 20 ponderosa pine species were given ranks
between 51 and 100 (table 6), indicating that they are o
moderate concernbut not exposed to threats as severe as
the species with scores <50. These species were mostly
considered uncommon (in abundance) in Arizona and
globally. They were also considered to have moderate
threats on their breeding and/or wintering grounds.

The 69 remaining species had ranks >100, indicating
that their populations may be stable.

New Mexico

OF the 156 total speciesgiven ranksin New Mexico, 52
d these use ponderosa pinefor breeding, wintering, and/
or migrating. O these fifty-two, 31 species were given
ranks >2.50 (table 6) by NMPIF, indicating that they ei-
ther had experienceddeclinesin abundances over the past
26 years; their trends were unknown; they had low loca
or global abundances; they had restricted global or New
Mexicobreeding distributions; therewassubstantial poten-
tial for extirpation on the breeding or wintering grounds,
and/or New Mexico isimportant to the total breeding dis-
tribution o the species. Of the specia concern species oc-
curringin ponderosa pineforests, only the peregrinefacon
is currently listed as federally endangered or threatened.
Another 12 speciesoccurringin ponderosa pinewere given
ranks between 2.10 and 245 (table6), indicating that their
statusisd moderate, rather than high, concernin the state.

Comparison of Lists

In both Arizonaand New Mexico, the (southwest) wil -
low flycatcher, olive-sided flycatcher, olive warbler,
Virginids warbler, and Grace's warbler were given high
priority ranks. The NMPIF database listed six species d
high concernthat were considered of only moderate con-
cernin Arizona: the band-tailed pigeon, Cordilleran fly-
catcher, greater pewee, Townsend's solitaire, orange-
crownedwarbler, and hepatictanager. The NMPIFlist a'so
contained an additional 21 speciesd high concern, ver-
sus Arizona's Sx other speciesd high concern. For spe-
ciesd moderate concern, the AZPIF database listed an-
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Table 6. Southwestern ponderosa pine forest birds in
Arizonaand New Mexico with ranks indicatingthat they are
of high or moderate concern In each state. Criteria for
rankings are given in the text.

Rank Rank
Species Species
Arizona New Mexico
<50 >2.50
Whip-poor-will Virginidswarbler
Elegant trogon Olivesded flycatcher
Buff-breasted flycatcher Graces warbler
Southwest willow Band+ailed pigeon
flycaicher Red-naped sapsucker
Olive-sded flycatcher Willow flycatcher
Olive warbler Hammond'sflycatcher
Sdlitary vireo Peregrine fdcon
Virginidswabler Williamson's sapsucker
Red-faced watler Dueky flycatcher
Sulphur-bdlied Cordilleran flycatcher
flycatcher Olive watler
Grace's wabler Hepdtic tanager
51-100 BroadHtailed hummingaird
Band-ailed pigeon Cassin'skingbird
Northern (glided)flicker Western bluebird
Lewis woodpecker Townsend'ssolitaire
Red-naped sapsucker Northern gashawk
Y dlow-breasted Flammulated oM
sapsucker Mountain bluebird
Williamson's sgpsucker Swainson'sthrush
Threetoed woodpecker Wilson's warbler
Cordilleran flycatcher Cooper's hank
Grester pevee Whitethroated swift
Tree svdlow Magnificent hummingoird
Ry nuthetch Gregter pevee
Eastern bluebird Purple matin
Townsendssolitaire Golden-crowned kinglet
Loggerhead shrike Hemmit thrush
Orange-crowned Veay
warbler Wahling vireo
Painted redstart Orange-crowned warbler
Hepatic tanager 2.10-2.45
Laadi bunting Western tanager
Red crosshll Black-headed groshesk
Greenttailed towhee Sharp-shinned hank
Western wood-pewee
Cassin'sfinch
Ashthroated flycatcher
Tree svdlow
Viole-green svdlow
Ruby-crowned kinget
Spotted towhee
Chipping sparrow
Lincaln's sparrow
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other 14 beyond the six mentioned above, whereas New
Mexico had only 12 total specieslisted (table6).

Changes in Abundance

Hejl (1994), summarizing Brawnand Balda (1988a), pro-
posed that 15 Southwestern ponderosa pine forest bird
species have probably decreased in abundance from
presettlement times to the present because d decreases
in the prevalence d these forest conditions. Hejl based
this on the birds' requirements for burned sites, old-
growth forests, and/or snags. Thespecieswerethe broad-
tailed hummingbird (AZPIFranking # 113; NMPIF rank-
ing # 48), acorn woodpecker (AZPIF #129), three-toed
woodpecker (AZPIF#52), purple martin (#116, #82), vio-
let-green swallow (#172, #119), mountain chickadee
(AZPIF #170), white-breasted nuthatch (AZPIF #206),
pygmy nuthatch (AZPIF#68), brown creeper (#189, #138),
western bluebird (#132, #51), mountain bluebird (#160,
#66), Americanrobin (#225, #156), red-faced warbler (#16,
#17), chipping sparrow (#205, #129), and lark sparrow
(#177, #93). For the most part, however, Hgl's projections
do not coincidewith the speciesd special concern on the
AZPIF and NMPIF lists, and the purple martin, western
bluebird, and Americanrobinwereshown by Miller (1992)
tobeincreasingin Arizona and New Mexico. Hejl (1994)
also proposed that nine other bird specieshave probably
increased in abundance from presettlement timesto the
present becaused fire suppression and increased amounts
o second-growth forests. These specieswere the Cordil -
leran flycatcher (AZPIF #74, NMPIF #37), house wren
(#224, #152), Townsend's solitaire(#98, #52), hermit thrush
(#150, #85), solitary vireo (#45, #53), Virginias warbler
(#33, #11), yellow-rumped warbler (#217, #140), Grace's
warbler (#49, #16), and western tanager (#145, #91). Miller
(1992) found that numbers o solitary vireos, Virginias
warblers, and Grace's warblers have actually decreased
in managed ponderosa pine forests. However, Johnson
(1994) determined that Grace's warbl ers, pai nted redstarts,
and hepatic tanagers have expanded their ranges north-
ward in thiscentury. On theAZPIFand NMPIFlists, these
|atter two speciesare considered fairly high priority ones
for study becaused their rarity and localization.In addi-
tion, thesolitary vireoand Virginids warbler ared soranked
as speciesd special concernin Arizonaand New Mexico,
despite Hel's indications that they should be responding
positively to habitat changesin Southwesternforests.

As mentioned previously for the southwest willow fly-
catcher, asignificant factor in the decline o some other
bird speciesin thewestern United Statesisthe increasein
parasitismby brown-headed cowbirds. Thisspecies,along
with two grackle species, hasexperiencedthegreatest rate
d increaseand largest expansion o any native bird spe-
ciesin the United States (M arzluff 1994). There are about
11 to 20 cowbirds per Breeding Bird Survey routein Ari-
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zonaand 0 to10 per routein New Mexico (Robinsonet al.
1995). Becaused their parasiticnature, cowbirdscan breed
in awider range o vegetation types than probably any
other North American passerine (Robinsonet al. 1995).In
the west, cowbirds occur regularly in coniferousforests
but in fewer numbers than in other nearby areas such as
meadows and riparian zones (for example, Rothstein et
al.1984).

Host speciesd cowbirdstend to be small-sized, open-
cup-nesting birds with long incubation periods, includ-
ing Empidonax flycatchersand phoebes, vireos, warblers,
and sparrowssuch asthe chipping sparrow. Hostsinhab-
iting forest edgesand/or second-growth forestsalsotend
to bemoreheavily parasitized. Thelargest declinesin host
numbers are seen in species with restricted geographic
breeding ranges and with habitat that is fragmented, is
threatened by direct destruction (suchasthat o thesouth-
west willow flycatcher),and/or has been subject to fire
suppression (reviewed in Robinson et al. 1995; see also
Moair et al., thisvolume).

Despite concerns about increased parasitism by cow-
birdsin thewestern United States, parasitismhas not been
documented in several birdsthat would seem to belikely
candidates. For example, Martin (1992, table 1) summa-
rized reproductive data for neotropical migrant birdsin
Arizona and New Mexico. Black-headed grosbeaks in
deciduous (o0ak) forestsin New Mexico were not parasit-
ized by cowbirds. Neither were warbling vireos, orange-
crowned warblers, Virginias warblers, yellow-rumped
warblers, MacGillivray’s warblers, red-faced warblers,
western tanagers, and black-headed grosbeaksin mixed-
conifer/deciduous forestsin Arizonaaccording toseveral
recent studies. On theother hand, parasitismratesin other
small flycatchers and warblers (such as western wood-
peweesand painted redstartsin Arizona) can bequitehigh
(L. Christoferson, unpubl. manuscript, University d Ari-
zona). For example, Marvil and Cruz (1989) documented
the fate d solitary vireo nests in ponderosa pine/Dou-
glas-fir forestsin Colorado. Approximately 49 percent of
al vireo nestswere parasitized with oneto three brown-
headed cowbird eggsduring the breeding seasonsd 1984
1986, | eadi ng to a significant decreasein thereproductive
successd the nests.

Conclusions

Wefound specificinformation on the used Southwest-
ern ponderosa pineforestsby approximately 50 bird spe-
cies. However, d these species, only about 35 percent ap-
pear to restrict their vegetationuseto primarily ponderosa
pine, whereas about 65 percent are associated with other
plant components (for example, aspen, oak, Douglasir,
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fir, spruce, and pinyon-juniper) within ponderosa pine
forests. Thisshowsthat most ponderosa pinebird species
require features in addition to pine. It also implies that
forest management must include consideration o these
features if the retention of diverse bird communitiesis
desired. Although many species are declining in abun-
dance, few species are nearing extirpation. More effort
could thus be expended on monitoring trends o species
o special concernand on monitoring their demographies.
Thefactorscausing the apparent declinesare still largely
speculative and thus need to be investigated.

In regard to "disturbed” sites (either from fire or log-
ging), bird speciesshowed different responses, although
Most species appeared to tolerate(atleast in termsd their
abundances) light to moderate disturbance. With heavy
alteration o the forest structure (for example, via fires,
clearcutting, or strip-cutting), speciescomposition varied
in apredictableway, with more understory speciesusing
cleared forest stands. Nest predation apparently influ-
enced the placement of nests to the extent that birds se-
lected denser foliage. Nest success—as might be ex-
pected— varied among species and study areas, but
bluebird nestingsuccessdecreasedon heavily altered sites.
Forest management must be site- and time-specific and
management objectivesmust consider all of the different
components that are used by the numerous species o
ponderosa pine forests. Data also indicate a strong need
for intensive studies of the reproductive success d pon-
derosa pine birds; without these data, any conclusions
about the current status or current habitat requirements
o the speciesare tenuous.

We know little specifically about the use o ponderosa
pineforestsby migratingbirds. However, wecan estimate
that Southwestern pineforestsare probably used asstop-
over sites by at least 25 migrant bird speciesin a given
year. Research on migratorybirdsinother vegetation types
suggeststhat forest structure, food availability, inter- and
intraspecificcompetition for resources, and climate con-
ditions al influence the use o these forests by migrant
species. Therefore, we can probably assume that these
same factors would influence the use o Southwestern
ponderosa pineforestsasstopover sites. And assuch, the
number d species that may depend on ponderosa pine
forestsfor replenishmentd lipidsor asrestingsitesmakes
thisvegetationtypeimportant totheir survival . However,
we need more research on how migratory birds use pon-
derosa pine forests. M ost studies have also concentrated
on breeding birds; more work needs to be conducted on
non-breeding (wintering) birds. Thisinformationiscriti-
cal for developing appropriate forest management plans
becaused the role that stopover sites can play in main-
taining bird populations.

Natural expansions and increases in populations of
some ponderosa pine forest species have been docu-
mented (DeSante and George 1994, Johnson 1994); how-
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ever,alargepercentaged specieshavedeclined, due prob-
ably to various causes. The many factorsthat may affect
ponderosa pine songbird numbers (such asfire, logging,
grazing, and climate change) and the variationsin loca
site conditions makeit difficult to predict exact trendsin
bird numbers. Again, theimplicationsd thisfor manage-
ment o ponderosa pineforestsare that one treatment, or
one management style, will not dicit the same popula
tion responsefrom dl bird species. Similarly, effectsd past
management practicesmay vary depending on location.

Literature Cited

Atwood, JL.1994. Endangered small landbirds o the
western United States. Studies in Avian Biol. No. 15:
328-339.

Balda, RP. 1967. Ecological relationshipsd the breeding
birds o the ChiricahuaMountains, Arizona. Ph.D the-
sis, Univ. Illinois, Urbana, IL.

Balda, RP. 1969. Foliage use by birds o the oak-juniper
woodland and ponderosa pine forest in southeastern
Arizona. Condor 71:399—-412.

Balda, RP. 1970. Effectsdf springleaf-fal on composition
and density d breeding birdsin two southern Arizona
woodlands. Condor 72:325-331.

Bdda, RP. 1973. The breeding biology o the pinon jay.
Living Bird 11:5-42.

Bdda, RP.1975. Therelationshipd secondary cavity nest-
ersto snag densitiesin western coniferousforests. USDA
Forest Service Southwestern Region, Wildlife Habitat
Tech. Bull. 1. 37pp.

Bada, RP, and G.C. Bateman. 1971. Flocking and annual
cycled the pinon jay, Gymnorhinus cyanocephalus. Con-
dor 73:287-302.

Bateman, G.C,, and R.P. Balda. 1973. Growth, develop-
ment, and food habits o young pinon jays. Auk 90:
39-61.

Bennetts, RE. 1991. Theinfluenced dwarf mistletoe on
bird communitiesin Colorado ponderosa pine forests.
M.S. thesis, Colorado State Univ., Fort Collins, CO.
83 pp.

Bennetts, RE., and FG. Hawksworth. 1991. Theindirect ef-
fectsd dwarf mistletoeon bird communitiesin Colorado
ponderosapineforests. ProceedingsAnnual Western In-
ternational Forest Disease Work Conference39:14-17.

Blake, J. G. 1982. Influence of fire and logging on
nonbreeding bird communitiesd ponderosa pine for-
ests. J. Wildl. Manage. 46:404-415.

Bock, C.E., and T.L. Root.1981. TheChristmas Bird Count
and avian ecology. Studiesin Avian Biology 6:17-23.
Brawn, J.D.1985. Population biology, community struc-

ture, and habitat selection o birds in ponderosa pine

85




Chapter 4

forest habitat. Ph.D thesis, Northern Arizona Univer-
sity, Flagstaff, AZ.

Brawn,J. D. 1991. Environmental effectson variation and
covariationin reproductive traitsof western bluebirds.
Oecologia 86:193-201.

Brawn, JD.,and RP. Bada 1983. Use d nest boxesin
ponderosa pine forests. Pages 159-164 in Snag habitat
management: proceedings d the symposium. Davis,
JW., GA. Goodwin, and RA. Ockenfds,editors. USDA
Forest Service Gen. Tech. Rep. RM-99.

Brawn,J. D.,and R 1?7 Bada. 1988a. Theinfluenced silvicul-
tural activity on ponderosa pineforest bird communities
in the Southwestern United States. Bird Conserv. 3. 3-21

Brawn, J.D.,and RP. Balda. 1988b. Popul ation biology of
cavity nestersin northern Arizona: do nest sites limit
breeding densities? Condor 90:61-71.

Brawn, J.D.,W.J Boecklen, and RP. Balda. 1987. | nvesti-
gations d density interactions among breeding birds
in ponderosa pine forests. correlative and experimen-
tal evidence. Oecologia72:348-357.

Broadbrooks, H.E. 1958. Life history and ecology of the
chipmunk, Eutamias amdenus, in eastern Washington.
Univ. Michigan Mus. Zool. Publ. 103.42 pp.

Bull, EL., and M.G. Henjum. 1990. Ecology o the great
gray owl. USDA Forest Service, Gen. Tech. Rep. PNW-
GTR-265.39pp.

Bull, EL., A.L. Wright, and M.G. Henjum. 1989. Nesting
and diet o long-eared owls in coniferousforests, Or-
egon. Condor 91:908-912.

Carothers, SW., JR. Haldeman, and R.P. Bada, editors.
1973a. Breeding birds of the San Francisco Mountain
area and the White Mountains, Arizona. Museum o
Northern Arizona Tech. Ser. No. 12.

Carothers, SW., JR. Haldeman, RP. Balda, and G.F. Fos-
ter. 1973b. Recent changesin status and distribution o
some northern Arizonabirds. Pages37-46in Carothers,
S.W, JR.Haldeman, and RP. Balda, editors. Breeding
birdsd theSan FranciscoMountain areaand the White
Mountains, Arizona. Museum o Northern Arizona
Tech. Ser. No. 12,

Christensen, K.M., and T.G. Whitham. 1993. Impact d
insect herbivores on competition between birds and
mammal sfor pinyon pine seeds. Ecology 74:2270-2278.

Christensen, K.M., T.G. Whitham, and RP. Balda. 1991.
Discriminationamong pinyontreesby Clark's nutcrack-
ers. effects of cone crop size and cone characters.
Oecologia 86:402—-407.

Craighead,J.J.,F.C.Craighead, RL. Roff, and BW. O’Gara.
1973. Home ranges and activity patterns o non-
migratory df o the Madison drainage herd as deter-
mined by biotelemetry. Wildlife Monograph 33.50 pp.

Cunningham, J.G., RP. Bada, and W.S. Gaud. 1980. Se-
lection and use df snagsby secondary cavity nestersd
the ponderosa pine forest. USDA Forest Service Res.
Pap. RM-222.

86

Currie, P.O.,D.W. Rechert, J.C.Malechek, and C. Walmo.
1977. Forage selection comparisons for mule deer and
cattlein undermanaged ponderosapine. J. RangeMan-
agement 30:352-356.

Dahlsten, D.L., W.A. Copper, D.L. Rowney, and PK.
Kleintjes. 1990. Quantifying bird predation d arthro-
podsin forests. Studies in Avian Biology 13:44-52.

DeSante, D.F, and T. Luke George. 1994. Popul ationtrends
in the landbirdsd western North America. Studiesin
Avian Biology. No. 15:173-190.

Farentinos, R.C.1972. Nestsd thetassel-earedsquirrel. J.
Mammal ogy 53:900-903.

Ffalliott, P.F. 1983. Implicationsd snag policieson manage-
ment d Southwestern ponderosa pineforests. Pages 28—
3 in Proceedingsd the Snag Habitat M anagement Synt-
posium. USDA Forest Service Gen. Tech. Rep. RM-99.

Forsman, E.D., EC. Meslow, and A.M. Wright. 1984. Biol-
ogy and management o the spotted owl in Oregon.
Wildlife Monograph 87.64 pp.

Franzreb, K.E. 1978. Tree species used by birdsin logged
and unlogged mix-coniferous forests. Wilson Bull.
90:221-238.

Franzreb, K.E. 1983. A comparisond avian foraging be-
havior in unlogged and logged mixed-coniferous for-
est. Wilson Bull. 95:60-76.

Franzreb, K.E.1984. Foraging habitsd ruby-crowned and
golden-crownedkingletsin an Arizonamontain forest.
Condor 86:139-145.

Gill, FB.1995. Ornithology, second edition. W.H. Freeman
and Co., New York. 763pp.

Haldeman, J.R., RP. Balda, and SW. Carothers. 1973.
Breeding birdsdf aponderosapineforest and afir, pine,
aspen forest in the San Francisco Mountain area, Ari-
zona. Pages1-21in Carothers,SW.,J.R.Haldeman, and
RP. Bada, editors. Breedingbirds o the San Francisco
Mountain area and the White Mountains, Arizona.
Museum d Northern ArizonaTech. Ser. No. 12.

Hall, J.G.1981. A field study d the Kaibab squirrel in
Grand Canyon National Park. Wildlife Monograph 75.

54 PP-

Hay, D.B., and M. Guntert. 1983. Seasonal selectiond tree
cavitiesby pygmy nuthatches based on cavity charac-
teristics. Pages117-120 in Proceedingsd the Snag Habi-
tat Management Symposium. USDA Forest ServiceGen.
Tech. Rep. RM-99.

Hel, S. J. 1994. Human-induced changesin bird popula-
tionsin coniferousforestsin western North America
during the past 100 years. Studies in Avian Biol. No.
15:232-246.

Holmes, RT. 1990. Ecologica and evolutionary impacts
o bird predation on forest insects: an overview. Stud-
iesin Avian Biology 13:6-13.

Horton, SP, and RW. Mannan. 1988. Effectsd prescribed
fire on snags and cavity-nestingbirds in southeastern
Arizonapine forests. WildlifeSociety Bull. 16:37-44.

USDA Forest Service Gen. Tech. Rep. RM-GTR-292. 1997



Hudler, GW., N. Oshima, and FG. Hawksworth. 1979.
Bird dissemination of dwarf mistletoe on ponderosa
pinein Colorado. Am. Midland Nat. 102:273-280.

Hutto, R.L. 1985. Seasonal changes in the habitat
distribution d transient insectivorous birds in south-
eastern Arizona: competition mediated? Auk 102:
120-132.

James, F.C.,, and C.E. McCulloch. 1995. The strength of
inferencesabout causesd trendsin populations. Pages
40-51in TE Martin and D.M. Finch, editors. Ecology
and management o neotropical migratory birds. Ox-
ford Univ. Press, New York.

Johnson, N.K. 1994. Pioneering and natural expansion of
breedingdistributionsin western North Americanbirds.
Studiesin Avian Biol. No. 15:27-44.

Koplin, JR.1969. The numerical response o woodpeck-
erstoinsect prey in asubal pineforestin Colorado.Con-
dor 71:436-438.

Laudenslayer Jr., WF. 1973. Foraging strategies by breed-
ing birdsd a pinyon-juniper, ponderosa pine ecotone.
M.S. thesis, Northern ArizonaUniversity, Flagstaff, AZ.
42 pp.

Laudendayer J., W, and RP. Balda. 1976. Breeding bird
use d a pinyon-juniper-ponderosapine ecotone. Auk
93:571-586.

Li, P, and T.E Martin. 1991. Nest-site sel ectionand nest-
ingsuccessd cavity-nestingbirdsin high elevationfor-
est drainages. Auk 108:405-418.

Marquis, R.J.,,and C.J. Whelan. 1994. | nsectivoroushbirds
increase growth o white oak through consumption of
leaf-chewinginsects. Ecology 75:2007-2014.

Marshall Jr., J.T. 1957. Birds of pine-oak woodland in
southern Arizona and adjacent Mexico. Pacific Coast
Avifauna No. 32:1-125.

Marshall, RM. 1991. Resident bird counts 1990. J. Fied
Ornith. 62 (Suppl.):3-5.

Martin, T.E. 1988. Habitat and area effects on forest bird
assemblages. is hest predation an influence? Ecology
69:74-84.

Martin, T.E 1992. Breeding productivity considerations:
what are the appropriate habitat features for manage-
ment? Pages 455-473 in JM. Hagan III, and D.W.
Johnston, editors, Ecology and conservation of
neotropical migrant landbirds. Smithsonian Inst. Press,
Washington, DC.

Martin, TE, and JR. Karr. 1990. Behavioral plasticity o
froaging maneuvers o migratory warblers: multiple
selection periods for niches?Studiesin Avian Biol. No.
13:353-359.

Martin, T.E, and J.J. Roper. 1988. Nest predation and nest-
site selection of a western population o the hermit
thrush. Condor 90:51-57.

Martinka, RR. 1972. Structural characteristics of blue
grouseterritoriesin Southwestern Montana. J. Wildlife
M anagement 36:498-510.

USDA Forest Service Gen.Tech. Rep. RM-GTR-292. 1997

Songbird Status and Roles

Marvil, RE, and A. Cruz. 1989. Impact o brown-headed
cowhird parasitism on the reproductive success o the
solitary vireo. Auk 106:476—480.

Marzluff, IM., RB. Boone, and GW. Cox. 1994. Histori-
ca changesin populations and perceptions o native
pest bird speciesin thewest. Studiesin Avian Biol. No.
15:202-220.

McEllin, SM. 1979. Population demographies, spacing,
and foraging behaviorsd white-breasted and pygmy
nuithatches in ponderosa pine habitat. Pages301-329in
The role d insectivorous birds in forest ecosystems.
Dickson, JG., R.N. Conner, RR. Flegt, JC. Krall, and
JA. Jackson, editors. Academic Press, New York, NY.

Miller, R 1992. Preliminary results from breeding bird
survey dataestimatesd trendsin bird populationsin or
near managed ponderosapinein theSouthwest. Unpubl.
Rep., Arizona Dept. Gameand Fish, Hagstaff, AZ.

Moore, FR., and PA. Simm. 1985. Migratory disposition
and choice o diet by the yellow-rumped warbler
(Dendroica coronata). Auk 102: 820-826.

Moore, FR, SA. Gauthreaux Jr., PKerlinger, and TR.
Simons. 1995. Pages 121-144 in T.E. Martin and
D.M.Finch, editors, Ecology and management of
neotropical migratory birds: asynthesisand review o
critical issues. Oxford Univ. Press, New York, NY.

Moore, FR, and T.R. Simons.1992. Habitat suitability and
stopover ecology of neotropical landbird migrants.
Pages 345-355 in J. M. Hagan III and D. W. Johnston,
editors, Ecology and conservationd neotropical migrant
landbirds. SmithsonianInst. Press, Washington, DC.

Morrison, M. L. 1986. Bird populations as indicators o
environmental change. Pages429—451 in Johnson, RF.,
ed. Current Ornithology, Vd. 3. Plenum Press, NY.

Morrison, M.L., B.G. Marcot, and RW. Mannan. 1992.
Wildlife-habitat relationships: concepts and applica-
tions. University o Wisconsin Press, Madison. 343 pp.

Morrison, M.L., WM. Block, L.S Hall, L.C. Christoferson,
and JA. Martin. 1996. Linking research and manage-
ment: conceptual designs and case studies. Trans. N.
Am. Wildl. and Natur. Resour. Conf. 61:463—471.

Morse, D. H. 1989. American warblers: an ecological and
behavioral perspective. Harvard University Press, Cam-
bridge, MA. 406pp.

Overturf, J.H. 1979. The effects d forest fireon breeding
bird populations of ponderosa pineforestsdf northern
Arizona.M.S. thesis, Northern ArizonaUniversity, Flag-
staff, AZ. 108 pp.

Petejohn, B.G,, JR.Sauer, and C.S. Robbins. 1995. Popu-
lation trends from the North American Breeding Bird
Survey. Pages3-39 in TE Martinand D.M. Finch, edi-
tors. Ecology and management o neotropical migra-
tory birds. Oxford Univ. Press, New York, NY.

Phillips, A., J. Marshall, and G. Monson. 1964. The birds
o Arizona. University d Arizona Press, Tucson, AZ.

220pp.

87




Chapter 4

Robbins, C.S,, D.Bystrak, and P.H. Geisser. 1986. The
Breeding Bird Survey: itsfirst fifteen years, 1965-1979.
USDI Fishand Wildl. Serv. Resource Publ. 157.

Robinson,SK.,S.I.Rothstein, M.C. Brittingham, L .J. Petit,
and JA. Grzybowski. 1995. Ecology and behavior o
cowbirdsand their impact on host populations. Pages
428-460 in T.E Martin and D.M. Finch, editors. Ecol-
ogy and management o neotropical migratory birds. a
synthesisand review o critical issues. Oxford Univer-
sity Press, New York, NY.

Rosenstock, SS. 1996. Habitat relationships o breeding
birdsin northern Arizona ponderosa pine and pine-oak
forests. ArizonaGameand Fish Dept., Res Branch, Tech.
Rep. 23. 53pp.

Rothstein, S, J.Vene, and E. Stevens. 1984. Radio-track-
ing confirmsa uniquediurnal pattern o spatial occur-
rence in the parasitic brown-headed cowbird. Ecal.
65:77-88.

Salomonson, M.G., and RP. Bada 1977. Winter territorial -
ity  Townsend's solitaires (Myadestestownsendi) in a pi-
non-juni per-ponderosapi neecotone. Condor 79:148-161.

Scott, V.E. 1978. Characteristicsd ponderosa pine snags
used by cavity-nesting birds in Arizona. J. Forestry
76:26-28.

Scott, VE 1979. Bird response to snag removal in ponde-
rosa pine. J. Forestry 77:26-28.

Severson, K.R. 1986. Spring and early summer habitats
and foods d male blue grouse in Arizona. J. Arizona-
New MexicoAcademy d Science21:13-18.

Siegd, J.J.1989. An evaluation d the minimum habitat
quality standards for birds in old-growth ponderosa
pine forests, northern Arizona. M.S. thesis, Univ. Ari-
zoha, Tucson, AZ. 94pp.

88

Stallcup, PL. 1968. Spatio-temporal relationships o
nuthatchesand woodpeckersin ponderosapined Colo-
rado. Ecology 49:831-843.

Szaro, R.C.,and RP. Balda.1979. Bird community dynam-
icsin aponderosa pineforest. Studiesin Avian Biology
3:1-66.

Szaro, RC,, and R.P. Balda. 1982. Sdlection and monitor-
ing d avian indicator species: an examplefrom a pon-
derosa pine forest in the southwest. USDA Forest Ser-
vice Gen. Tech. Rep. RM-89. 7 pp.

Szaro, R.C., and RP. Bada. 1986. Relationships among
weather, habitat structure, and ponderosa pine forest
birds. J Wildlife Management 50:253-260.

Szaro, RC., J.D.Brawn,and RP.Balda. 1990. Yealy varia-
tion in resource-usebehavior by ponderosa pineforest
birds. Studiesin Avian Biology 13:226-236.

Taylor, W.P. 1936. Ecology and life history o the porcu-
pine (Erethizon epixanthum) as related to the forestsd
Arizonaand the Southwestern United States. Univ. Ari-
zonaBial. Sai. Bull. 3. 117 pp.

Terill, S B, and R. D. Ohmart. 1984. Facultative exten-
sion of fall migration by yellow-rumped warblers
(Dendroicacoronata). Auk 101:427-438.

Thomas, L., and K. Martin.1996. Theimportanced analy-
sismethod for Breeding Bird Survey population trend
estimates. Conserv. Biol. 10:479-490.

Tomback, D.F., and YB. Linhart. 1990. The evolution d
bird-dispersed pines. Evolu. Ecal. 4:185-219.

Urness, P. 1969. Nutritional analysesand in vitro digest-
ibility o mistletoesbrowsed by deer. Am. Midland Nat.
107:351-359.

USDA Forest Service. 1977. Forest Service Manual, Title
5151.13¢ (Policy), Fire Management, np.

USDA Forest Service Gen.Tech. Rep. RM-GTR-292. 1997





