
Pores~~~ology 

Management 
ELSEVIER Forest Ecology and Management 103 (1998) 217-233 

Associations between breeding bird abundance and stand 
structure in the White Mountains, New Hampshire and Maine, 

USA 

Richard M. DeGraaf a* * , Jay B. Hestbeck b, Mariko Yamasaki ’ 
’ USDA Forest Service, Northeastern Forest Experiment Station. Unirersity of Massachusetts, Amherst, MA 01003, USA 

’ Massachusetts Cooperative Fish and Wildlife Research Unit, Holdsworth Hall, lJnil,ersity of Massachusetts, Amherst, MA 01003. USA 
’ USDA Forest Sewice, Northeastern Forest Experiment Station, P.O. Bo.r 640, Durham, NH 03824. USA 

Received 20 March 1997: accepted 10 June 1997 

Abstract 

Assessment of fauna1 distribution in relation to landscape features is becoming increasingly popular. Technological 
advances in remote sensing have encouraged regional analyses of the distributions of terrestrial vertebrates. Comparisons of 
the strength of association of habitat characteristics at various scales of measurement of habitat structure are rare. We 
compared the associations of forest cover-type, stand size-class, and stand structure to abundance of breeding bird species in 
managed forest in northern New England. We surveyed breeding birds and measured stand structure in 20 stands to test the 
hypothesis that forest cover-type, stand size-class, and structure variables were equally associated with numbers of forest 
birds. We fit regression models to data from each data source to predict the log number of individuals for each species. We 
restricted our analyses to cover-types with > 1 size-class and to size-classes representing > 1 cover-type, and restricted our 
comparisons to bird species with at least 10 observations/yr for 2 yr. Of 31 bird species that met our criteria for analysis, a 
significant (P < 0.05) association was detected between bird abundance and structure data for 30 species, cover-type data for 
19 species, and size-class data for 10 species. Stand structure was the best predictor of bird abundance for 25 species, 
cover-type for 5 species, and size-class for none. Of the 14 structure variables used in the analyses, total foliage volume of 
large and mid-size deciduous trees, density of mid-size trees, total woody stem density, total deciduous understory volume 
and total volume of large conifers were most frequently important in explaining variation in species abundances. Although 
each species had a unique set of structural affinities, multi-layered stands are apparently more important to long-distance 
migrants, in general, than to resident/short distance migrants. Large-scale efforts to identify important habitats, assess 
degree of protection, or monitor species/habitat trends are important to conservation. For forest birds, such efforts must 
include estimates of the factors to which the species of concern respond. At the stand scale in New England, it seems that 
bird abundance is more strongly associated with forest structure than with forest cover-type or stand size-class. 0 1998 
Elsevier Science B.V. 
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1. Introduction 

Wildlife habitat relationships are best known at 
the stand level. i.e.. for tree communities of suffi- 
ciently uniform age or composition to be distinguish- 
able from other communities, and so constituting 
silvicultural or management units (Eyre, 1980). 
Stands are the units that are treated in forest manage- 
ment. On national forests and most industrial forests, 
management units are inventoried and monitored by 
forest cover-type and size-class, and often an esti- 
mate of density is used to describe the stocking of 
trees by size-class. Lands are managed to produce 
pianned distributions of forest cover-types and stand 
size-classes. Cover-type-classification of forest land 
based on present occupancy by tree species-and 
size-class-classification of even-aged stands by 
mean stem diameter-are readily obtained and 
mapped from forest inventories. The relationships 
between occurrence of wildlife species and forest 
cover-types and stand size-classes have been devel- 
oped, largely from combinations of exhaustive litera- 
ture reviews and field surveys. for several regions of 
the United States, e.g., New England (DeGraaf and 
Rudis, 1986). California (Verner and Boss, 1980). 
and the Pacific Northwest (Thomas, 1979; Brown. 
1985). Recently, published associations of verte- 
brates with mapped or remotely-sensed vegetation 
cover-types have been used as the bases of landscape 
approaches to protection of biological diversity (e.g., 
Scott et al., 1993). How closely are wildlife species 
associated with forest cover-type, size-class, or stand 
structure? 

Many studies have been conducted on the associa- 
tions of birds with habitats along environmental gra- 
dients (e.g., Bond, 1957; James, 1971: Smith, 1977). 
among successional stages (e.g.. Shugart and James, 
1973; Smith. 1982). Most of these studies have 
shown strong correlations between bird species and 
habitat features, especially vegetation structure 
(MacArthur and MacArthur. 1961; James. 197 I: 
James and Warner, 1982, see also Sherry and Holmes. 
1985 and Holmes, 1990 for reviews). Cover-types, 
although they are collections of ‘snapshot’ descrip- 
tions of tree species composition in stands or larger 
areas, can be readily identified and delineated from 
aerial photographs. Stand size-classes. which de- 
scribe in a general way the average estimate of tree 

diameter throughout even-aged stands, can be inven- 
toried from forest records if ground plot data are 
available. However, most studies of habitat selection. 
especially among forest birds. have used other vegc- 
tation characteristics to describe habitats. such a., 
ground cover, understory and overstory height. or 
density, number of snags. tree species composition. 
or canopy closure. 

Recent debate suggests the need to -identify the 
relative strengths of cover-type. size-class. or stand 
structure as predictors of vertebrate abundance and 
diversity (e.g., Short and Hestbeck. 1995: Scott (31 
al.. 1996). Vegetation structure is generally consid- 
ered to be the most important pmximatc factor aI- 
fecting habitat selection by temperate forest birds 
(e.g., Hilden, 1965; Willson, 1974). The evolution of 
habitat preferences is determined by, and determine>. 
a bird species morphology and behavior, in essence 
its ability to survivze in the habitat (Cody, 1985). The 
diversity of deciduous forest birds in the breeding 
season is associated with habitat patchiness or hori- 
zontal diversity (Roth, 1976) and stand structure or 
vertical diversity t MacArthur and MacArthur, 196 I : 
Helle, 1985). The notion that birds select breeding 
habitats in response to structural aspects of the vege- 
tation that they do not actually require for survival 
was first proposed by Lack (1933). Many studies 
have attempted to identify the features or patterns 
sought by various bird species (e.g.. Anderson and 
Shugart. 1974: James, 197 I; Titterington et al., 1979I. 
Resource partitioning (niche separation) through 
habitat selection allows breeding birds of different 
species to coexist in temperate forests (e.g., Sv&d- 
son, 1949; Shugart and Patten, 1973: Whitmore. 
1977). The set of resources partitioned along gradi- 
ents related to forest structure is referred to as the 
habitat niche, and is likely unique to each bird 
species (see Cody, 1974. 1975: Mengel. 1964). It is 
likely that these sets of structural habitat features or 
components are perceived by forest birds when they 
select breeding habitats (Lack, 197 1; Cody, I985). 

Some forest bird species are more sensitive than 
others to differences in vegetation composition aatd 
structure, and their sensitivity may vary with -the 
vegetation attribute under consideration (Morse, 
1985). In a cprucc-fir (Picea--AbiesI sere in Maine, 
magnolia warbler ( L)enrir-o&r rrtu,~~rolitrl was the 
only warbler that occupied all habitats ranging from 
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recent clear-cuts to mature forest, although abun- 
dance differed greatly (Titterington et al., 1979); 
however, it occupied only 2 of 6 forest cover-types 
studied in Wisconsin (Beals, 1960). The magnolia 
warbler shows broad tolerance for size-class and 
narrow tolerance for cover-type. The ovenbird 
(Seiurus aurucupillus), on the other hand, occupied 
all Wisconsin cover-types (Beals, 1960) but only the 
2 most mature stand conditions in the Maine spruce- 
fir sere (Titterington et al., 1979). 

Another species, black-throated green warbler 
(Dendroica sirens), was not responsive to either 
cover-type or size-class in both of the above studies, 
but rather was sensitive to forest patch size, and did 
not occupy small habitat islands that are normally 
occupied by northern parula (Parula americana) and 
yellow-rumped warbler (Dendroicu petechia) 
(Morse, 197 1, 1977). 

Although a species can tolerate a range of condi- 
tions within a forest cover-type, its abundance may 
vary in response to stand structure. The direction and 
magnitude of the numeric response to stand condi- 
tions varies among bird species. Some species prefer 
intermediate stocking levels, e.g., yellow-rumped 
warbler became more abundant when the overstory 
was reduced in Lake States pine forests (Apfelbaum 
and Haney, 1981). In the same Lake States pine 
forests densities of bay-breasted-( Dendroica cus- 
tunea) and blackbumian warbler (Dendroica fusca) 
declined 25% and 50%, respectively, after the canopy 
was reduced to one-half its previous cover (Apfel- 
baum and Haney, 1981). 

Clearly, forest bird species vary in sensitivity to 
specific vegetation characteristics. Forest bird com- 
munities seem to be more sensitive to changes in 
forest cover-type and size-class (Morse, 1985) than 
to within-stand changes that do not greatly alter 
size-class or cover-type (Webb et al., 1977). Particu- 
lar species, however, show changes in abundance 
that are correlated with changes in structure as stands 
mature. For example, least flycatcher (Empidunux 
minimus) and wood thrush (Hylocichla mustelina) 
abundances changed quite late in the successional 
sequence in New Hampshire northern hardwood for- 
est (Holmes et al., 1986; Holmes and Sherry, 1988). 

Obviously, many habitat features that affect forest 
bird diversity can be manipulated by forest manage- 
ment. Different species specialize on different forest 

attributes-some on habitat type, others on foraging 
sites, over a wide range of habitat types. The close 
relationship between habitat structure and bird species 
composition (compared to other vertebrates) is useful 
for assessing the effects of forest management on 
breeding birds at landscape or multi-stand scales. 
The breeding bird compositions of successional New 
England northern hardwood stands have been de- 
scribed; four habitat types: regenerating, sapling, 
pole, and mature, have different breeding bird com- 
positions (DeGraaf, 1987). No unique assemblages 
of breeding birds are evident at the interfaces of 
even-aged northern hardwood stands, and effects of 
boundaries between even-aged stands on breeding 
birds are ephemeral (DeGraaf, 1992). 

We estimated forest cover-type, stand size-class, 
and within-stand habitat structure associations with 
breeding birds among 8 forest cover-types and 4 
size-classes in the White Mountains of New Hamp- 
shire and Maine. The objectives were to compare the 
ability of cover-type, size-class, or stand structure to 
predict the abundances of breeding birds. These as- 
pects of forest habitats are important to forest re- 
source managers; while various silvicultural treat- 
ments can be used to produce stands of a certain type 
or crop trees in a certain time period, treatments 
differ in their abilities to produce structural features 
that are important to forest birds 

2. Study area 

This study was conducted on the White Mountain 
National Forest (WMNF) in New Hampshire and 
Maine (44”N, 71”W). The WMNF covers 304,000 ha 
and is located within an extensively forested region, 
most of which was logged in the late 19th century 
(Belcher, 1980). Afterwards, extensive fires, fueled 
by logging debris, burned throughout the region, 
resulting in the extensive, 90-yr-old, even-aged for- 
est present at the time of the study. WMNF was 
established in 19 18 and has been managed since the 
1940s. Sawtimber stands (all types) presently consti- 
tute 65% of WMNF, poletimber stands 25%, and 
younger stands 10% (WMNF records). At higher 
elevations, red spruce (Picea rubru), balsam fir 
(Abies balsamea), and paper birch (Bet&a pa- 
pyrifera) stands predominate; on lower slopes stands 



contain sugar maple (Acer sacchun~m), red maple 
( Acer rubrum), yellow birch ( Betula ulieghaniensis), 
and American beech (Fagus grandifolia), often with 
components of white spruce (Picen glauca), red 
spruce, balsam fir, eastern hemlock (Tsuga canaden- 
sis), aspen (Populus spp.), and white ash (Fruxinus 
rtmericana) on suitable sites. Valley bottoms support 
extensive stands of red spruce, white spruce, and 
balsam fir with associated alders ( Abn~s spp.) and 
aspens. 

Eleven forest cover-types have been delineated on 
WMNF; 8 cover-types were represented by > 1 
size-class, and were included in this study. The sugar 
maple-beech-yellow birch type (36% of WMNF) is 
composed of sugar maple, beech, and yellow birch in 
varying proportions and occurs widely in northern 
New England. These species comprise the basic 
hardwood type in northern New England, and occur 
to an elevation of 760 m on fertile, moist loamy 
soils. On drier sites, beech becomes more prominent. 
On wetter sites, the proportions of red maple and 
yellow birch increase, and beech is absent. Striped 
maple ( Acer pens~hanicum) and hobblebush 
(Viburnum alnifolium) are common in the understory 
throughout the study area (Eyre, 1980). 

The red spruce-balsam fir type (5%) consists 
either of red spruce and balsam fir in approximately 
equal proportions or together they predominate in a 
mixture of associates-the composition varies de- 
pending on site and disturbance history. This type 
occupies moderately to poorly drained flats and 
well-drained to dry, shallow soils on steep, rocky. 
upper mountain slopes. Associates are red maple. 
paper and yellow birch, and aspens, white pine. 
eastern hemlock, and occasionally black spruce 
(Picea mariunu) and tamarack ( Lur-ix Iuricirzu). 
Stands are usually dense; the ground is generally 
devoid of plants except for mosses or scattered 
seedlings of red spruce and balsam fir (Eyre, 1980). 

The paper birch type (5%) is a pioneer type that 
follows fire or clearcutting. Common associates are 
aspens, pin cherry (Prunus pensylcunica), northern 
red oak (Quercus rubru), and eastern white pine. 
The type grows best on deep well-drained soils. but 
occurs to the subalpine zone in the White Mountains. 
It is succeeded by northern hardwoods to the south 
and by spruce-fir and pine types to the north. Beaked 
hazel (COI$U.P comutu) and wild lily-of-the-valley 

( Muianthemum canudense) are common under paper 
birch stands (Eyre, 1980). 

In the swamp hardwood (red maple) type (3%). 
red maple is dominant or codominant; associate& are 
yellow birch, balsam fir, and sugar maple. The type 
occupies moist to wet muck or peat soils in swamps, 
depressions of slow drainage. or along sluggish 
streams. It can be differentiated readily from north- 
ern hardwoods by the absence of bee& and the 
increased proportion of yellow birch and red spruce 
(Eyre, 1980). 

The eastern white pine type L2%) IS associated 
with pitch pine ( Pi~eu rigida), aspen, red maple. and 
white oak (Quercus alOul on light-textured soils: on 
heavier soils, associates are birches. white ash. 
northern red oak, sugar maple, eastern hemlock. 
balsam fir and red spruce. The type commonly pio- 
neers on abandoned (usually impoverished) agricul- 
tural land in New England. The type approaches 
permanence on drier soils, but is succeeded by hard- 
woods on heavier soils. Common Iady-skippet 
(C~pripediunz crcuule) is a common herb on dry 
sites; highbush blueberry ( Tic-cinicun cc~r?nrhnsum) 
is a common understory shrub on wetter sites (Eyre. 
i 980). 

In the balsam fir type (2%). balsam fir iD either 
pure or predominant and occurs on moist or wet-site 
soils. Common associates on the study area are paper 
birch, aspens, and northern white-cedar (7Xrlju o~i- 
Lleenra1i.s). The type occurs on moderately wcli- 
drained to poorly drained flats and in swamps. Pure 
stands commonly result from heavy cutting or blow- 
down (Eyre. 1980). 

The aspen type (1%) is transcontinental in distri- 
bution, and includes quaking (P. tremuloides) a11cl 
bigtooth (P. grundidenlcrta) aspen. The type ib found 
on all but the driest and wettest sites. Almost ail 
stands regenerate from suckers. Aspen stands are 
short-lived. and are replaced by red maple or oaks on 
dry sites, by white pine in intermediate sites, and by 
northern hardwoods on fertile sites. Undergrowth is 
mostly composed of species whose underground park 
are able to survive fire (Eyre, 1980). 

The eastern hemlock type (1%). as it occurs on 
WMNF. consists of pure stands or stands with scat- 
tered red maples. Hemlock is extremely tolerant. 
long-lived, and abie to respond to release after cen- 
turies of suppression. llndergrowth in mature hem- 
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lock stands is very sparse due to low light levels. 
Common herbs are wild lily-of-the-valley, bunch- 
berry, and wild sarsaparilla ( Aruliu nudicaulis) 
(Eyre, 19801. 

Four size-classes were used in this study. Sapling 
stands were 2.5-12.5 cm dbh. Poletimber stands 
were 12.5-22.5 cm dbh for softwoods and 12.5-27.5 
for hardwoods. Sawtimber stands were > 22.5 cm 
and > 27.5 cm dbh for softwoods and hardwoods, 
respectively. Large sawtimber stands were > 60 cm 
dbh. 

3. Methods 

We surveyed breeding birds and measured struc- 
tural aspects in 20 stands selected from WMNF 
records. We surveyed representative stands of all 
available timber size-classes of 8 forest cover-types 
that were at least 16 ha and that could contain a 500 
m transect > 100 m from the stand boundaries. 

3.1. Bird surr:eys 

Skilled observers surveyed breeding birds at the 
same locations from June l-30, 1979 and 1980. All 
surveys were conducted between 0430-0830 on 
clear, calm mornings. Birds were counted at 5 points 
100 m apart along permanent transects through each 
stand. The numbers of singing or calling males of 
each species detected within 50 m of survey points 
were recorded during a 5-min period. All points were 
surveyed 3 times/yr. The order in which transects 
were surveyed was chosen randomly each day to 
equalize detectability of species that sang early or 
late in the sample period. Bird counts by species 
were summed over the 5-point transects and over the 
3 time periods for each year. We used this total as 
our measure of abundance for each species in each 
stand in each year. Totals from each year were used 
as replicates. 

3.2. Vegetation measurement 

Structural characteristics of the vegetation were 
measured at 2 randomly-chosen bird survey points 
from the 5 points in each stand. The height, crown 
width, and diameter at breast height of all trees > 10 
cm in diameter were measured with a Haga altime- 

ter, range poles and tape, and diameter tape, respec- 
tively, on 0.04 ha circular plots concentric with bird 
survey points. Basal areas CBA) were calculated. 
Canopy closure (%) was estimated with a spherical 
densiometer along N-S and E-W diameters of the 
plot: 10 measurements at 2 m intervals/diameter 
were averaged for the mean value at each point. 
Ground cover (%) was estimated with a sighting tube 
15 cm long and 2 cm inside diameter and fitted with 
crosshairs. Readings were taken at 10 2 m intervals 
on each N-S and E-W plot diameters. The number 
of snags-dead trees > 10 cm dbh > 5 m tall-were 
counted. Heights, crown widths, diameter, and num- 
ber of woody stems 2-10 cm in diameter and < 2 
cm diameter were counted on 4 circular 0.01 ha plots 
located 20 m from the bird survey point at cardinal 
directions. 

Total crown volumes of foliage from the samples 
were estimated for coniferous and deciduous trees 
which were > 10 cm dbh and between 2 and 10 cm 
dbh using the crown heights and diameters. A total 
sum of heights of coniferous and deciduous stems 
was used as a measure of foliage volume for each 
stem-size group. 

We tested the hypothesis that forest cover-type, 
stand size-class, and structure data equally predict 
log,,, numbers of forest birds for the given stands. 
We fit separate regression models to data from each 
classification scheme (cover-type, size-class, or stand 
structure) to predict the log number of individuals 
for each species @AS Institute, 19881. The classifi- 
cation scheme that accounted for the greatest varia- 
tion in log number of a species, using the adjusted 
r’, was considered to be the best predictor for that 
species; r’ is an indicator of how much variation in 
log numbers is explained for a given species by a 
particular model. The adjusted r’ is an alternative to 
r2 that adjusts r* for the number of parameters in 
the model and provides a better estimator of ex- 
plained variation than r2 when the number of pa- 
rameters approaches the sample size (SAS Institute, 
1988). We restricted our analyses to cover-types with 
> 1 size-class and to size-classes with > 1 cover- 
type. This resulted in our eliminating three cover- 
types that occur on WMNF: red spruce, northern red 
oak, and oak-pine, and two size-classes: seedling 
and uneven-aged. We further restricted our compar- 
isons to bird species with at least 10 observations in 
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each year to ensure that characteristic habitats would 
be occupied. 

The analyses for cover-type used aspen. birch, 
northern hardwood, swamp hardwood, balsam fir, 
pine, spruce fir, and hemlock as dummy variables in 
the regression model with the northern hardwood 
cover-type as the reference variable. The analyses for 
size-class used sapling, poletimber, sawtimber, and 
large sawtimber as dummy variables in the regres- 
sion model with the sawtimber size-class as the 
reference variable. 

The analyses for structure used 14 vegetation 
measures as continuous variables in the regression 
model using the MAXR option (SAS Institute, 1988). 
The MAXR option, maximum Y’ improvement, finds 
the best one-variable model, the best 2-variable 
model. etc., up to the only 14 variable model which 
includes all available information. We then used the 
adjusted r’ and C, statistic to select the best predic- 
tive model. 

The variables used to estimate stand structure 
were: 

ACLOS arcsine transform of canopy closure 
GCV percent ground coverli 
LNLC log number of coniferous trees per ha 

that were > 10 cm dbh 
LNLD log number of deciduous trees per ha 

that were > 10 cm dbh 
LNMC log number of coniferous trees per ha 

that were between 2 and 10 cm dbh 
LNMD log number of deciduous trees per ha 

that were between 2 and 10 cm dbh 
LNST log number of woody stems per ha 
LNSNAG log number of dead trees per ha that 

were >lOcmdbhand >.5mtall 
LVLC log total foliage volume of coniferous 

trees that were > 10 cm dbh 
LVLD log total foliage volume of deciduous 

trees that were > 10 cm dbh 
LVMC log total foliage volume of coniferous 

trees between 2 and 10 cm dbh 
LVMD log total foliage volume of deciduous 

trees between 2 and 10 cm dbh 
LVSC log total foliage volume of coniferous 

stems that were < 2 cm dbh 
LVSD log total foliage volume of deciduous 

stems that were < 2 cm dbh 

4. Results 

A total of 76 breeding bird species was observe.& 
over ail forest cover-types (Appendix A). Of these, 
63 occurred in hardwood cover-types. and 65 oc- 
curred in softwood cover-types. Thirty-one species 
were observed at least 10 timesfyr. Of these 3 1 
species, a significant (P < 0.05) amount of variation 
in abundance was explained for 30 species using 
structure data, 19 species using cover-type data, and 
10 species using size-class data (Table I 1. No classi- 
fication scheme explained significant variation for 
the hermit thrush. Stand structure was the best pre- 
dictor for 25 species, cover-type was best for 5 
species, and size-class was best for none. The mecm 
adjusted r’ values for the 31 species was 0.40 for 
structure, 0.23 for cover-type, and 0.09 for size-class. 

Of the 19 species for which cover-type was signif- 
icant, the expected log number was non-zero for 
northern hardwood for all 19 species; for white pine 
and eastern hemlock for 18 species, for spruce-fir for 
17 species, for paper birch, swamp hardwoods, and 
balsam fir for 15 species, and for aspen for II 
species (Table 2). The magnitude of the expected log 
number can be used as a measure of importance of 
each cover-type to explain the variation in log abun- 
dance for each species. We counted the number of 
times that each cover-type was among the 2 highest 
expected values for each species and used the total 
as a measure of overall importance of each cover- 
type. White pine occurred for 10 species, aspen for 6 
species, paper birch for 5 species, balsam fir, spruce- 
fir, and eastern hemlock for 4 species, northern 
hardwoods for 3 species. and swamp hardwood for 3 
species. 

Our species’ models vary in the degree! to which 
they reflect known or reported habitat associations 
such as those presented in The Audubon Society 
Field Guide to North American Birds. Eastern Re- 
gion (Bull and Farrand, 1977). Our model associatea 
the least flycatcher primarily with paper birch and 
northern hardwood cover-types. Bull and Farrand 
(1977) (p. 663) listed the ieast flycatcher as a bird of 
deciduous forest. Likewise, the model for rose- 
breasted grosbeak (Pheucticus ludot:icimtts)~ iadi- 
cates that it is associated primarily with aspen and 



Table I 

R.M. DeCraaf et al. / Forest Ecol0g.v and Management 103 C 19981217-233 223 

Adjusted I’ with associated probability of null model for regression models comparing the ability of forest cover-type, stand size-class. and 

measures of stand structure to predict the log number of breeding birds in the White Mountains, New Hampshire. and Maine, USA 

Species Cover-type Size-class Structure 

A-r? P A-r? P A-G P 

Yellow-bellied sapsucker 0.056 
Eastern wood-pewee 0.086 
Least flycatcher 0.23 1 
Blue jay 0.152 
Black-capped chickadee 0.039 
Red-breasted nuthatch 0.494 
Winter wren 0.317 
Golden-crown kinglet 0.284 
Veery 0.078 
Swainson’s thrush 0.092 
Hermit thrush 0.003 

Wood thrush < 0.000 
Solitary vim0 0.076 
Red-eyed vireo 0.465 
Nashville warbler 0.366 

Nonhern parula 0.084 
Chestnut-Gded warbler 0.379 
Magnolia warble] 0.222 

Black-throated blue warbler 0.410 
Yellow-rumped warbler 0.26 I 
Black-throated green warbler 0.348 

Blackburnian warbler 0.282 
Black-and-white warbler 0.356 
American redstart 0.38 I 
Ovenbird < 0.000 

Common yellowthroat 0.303 
Canada warbler 0.133 

Scarlet tanager 0.497 
Robe-breasted grosbeak 0.362 
White-throated sparrow 0.318 

Dark-eyed junco 0.205 
No. of best models 5 
No. fit at P < 0.05 19 
IfA - r2 0.23 

0.268 

0.196 
0.027 

0.086 
0.3 17 

< 0.001 

0.006 
0.011 

0.213 
0.183 
0.437 

0.929 

0.218 
<O.OOl 

0.002 

0.200 
0.002 
0.03 I 

< 0.001 
0.016 
0.003 

0.01 I 
0.018 

0.02 I 
0.770 

0.008 
0.110 

< 0.001 
0.002 
0.006 

0.040 

0.056 
0.235 

0.08 I 
< 0.000 

0.072 

< 0.000 
0.088 

< 0.000 

0.013 
0.003 

< 0.000 
0.049 

0.108 
0.055 

< 0.000 
0.153 
0.130 

< 0.000 
0.198 

< 0.000 

0.193 
0.270 

0.038 
0.154 

0.131 
0.184 
0.182 

0.101 
0.113 

0.068 
< 0.000 

0.0 
IO 
0.09 

0.172 
0.005 

0.1 1 I 
0.573 
0.130 

0.586 
0.099 
0.614 

0.337 
0.388 

0.488 
0.190 

0.069 
0.172 

0.425 
0.030 
0.046 

0.918 
0.012 
0.944 

0.013 
0.002 

0.328 
0.029 

0.046 
0.016 
0.017 

0.078 
0.063 

0.139 
0.673 

0.228 0.022 
0.556 < 0.001 

0.720 < 0.00 1 
0.236 0.019 
0.259 0.012 

0.625 < 0.00 I 
0.40 I 0.001 

0.360 0.004 
0.26 I 0.041 

0.362 0.002 
0.129 0.1 16 
0.294 0.026 

0.157 0.040 
0.545 < 0.001 

0.293 0.006 
0.224 0.01 I 

0.635 <O.ool 
0.131 0.013 
0.576 < 0.001 

0.452 < 0.001 
0.450 < 0.001 

0.439 < 0.001 
0.205 0.040 
0.617 < 0.001 

0.633 < 0.001 
0.670 <0.001 

0.635 < 0.001 
0.457 < 0.00 I 

0.284 0.005 
0.365 0.00 I 

0.201 0.006 
25 
30 

0.40 

paper birch cover-types; the species is listed as a bird 
of deciduous forests in Bull and Farrand (1977) (p. 
654). Red-eyed vireo (Vireo olioacea) is another 
species whose model associates it most strongly with 
paper birch and northern hardwood, and agrees with 
the deciduous forest listing in Bull and Farrand 
(1977) (p. 660). Models for red-breasted nuthatch 
(Sitta carolinensis), golden-crowned kinglet (Regu- 
lus sutrupa), yellow-rumped warbler, magnolia war- 
bler, blackburnian warbler (Dendroica jiisca), black- 
and-white warbler, and dark-eyed junco contain only 
coniferous forest cover-types as the highest 2 cover 
types (Table 2). All are listed as birds of coniferous 

forests in Bull and Farrand (1977) (pp. 685, 687, 
69 1, 692, 704, 708). 

Some cover-type models are problematic. Chest- 
nut-sided warbler (Dendroica pensybanica) and 
scarlet tanager (Pirunga oliuacea), for example, are 
listed as a deciduous forest species in Bull and 
Farrand (1977) (pp. 573, 655), but their cover-type 
models indicate that they are primarily associated 
with white pine and aspen cover-types and white 
pine and swamp hardwoods, respectively (Table 2). 
Some insight into these apparent contradictions is 
provided by stand structure, which shows that white 
pine stands of both size-classes contained consider- 
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able deciduous inclusions, especially in the 2- 10 cm 
dbh size class (Table 4). Likewise, black-throated 
green- and black-throated blue warblers (Denroica 
caerulescens), listed as a birds of coniferous forests 
in Bull and Farrand (1977) (pp. 690, 700), have 
models that show deciduous and coniferous cover- 
types as important (Table 2). Black-throated green 
warbler is expected primarily in eastern hemlock 
according to the model, but it also is strongly associ- 
ated with several deciduous types: paper birch. 
northern hardwoods, and swamp hardwoods. While 
eastern hemlock has considerable deciduous basal 
area in the stands sampled, paper birch has substan- 
tial softwood basal area in stems > 10 cm dbh in the 
poletimber size-class, as do northern hardwoods in 
sawtimber and large sawtimber, and sawtimber-sized 
swamp hardwoods (Table 4). Black-throated blue 
warbler, primarily associated with paper birch ac- 
cording to the cover-type model, also was strongly 
associated with white pine, which contained consid- 
erable deciduous basal area in stems > 10 cm dbh, 
especially in poletimber (Table 4). 

In sum, cover-type is sometimes a good descriptor 
of species distributions, but not reliably so across 
species. Bird species models that look spurious are 
sometimes rendered understandable if the stand 
structure is known. 

4.2. Size-class associations 

Few published studies of eastern North American 
forest bird distributions by timber size-class exist. 
Field guides, e.g., Peterson (1980) list the general 
habitat types in which species are found, as does the 
Check-list of North American Birds (American Or- 
nithologists’ Union, 1983 and suppl.). Matrices of 
bird species occurrences by size-class within cover- 
type are provided by Green (1995) and DeGraaf and 
Rudis (1986); both compilations report syntheses and 
interpretations of the voluminous literature on the 
natural histories and habitat association of forest 
birds in eastern North America. Ten bird species 
showed significant (P < 0.05) size-class models (Ta- 
ble 3). As before, we used the magnitude of the 
expected values as a measure of importance of each 
size-class for each species. Of these, sapling stands 
were most important for 4 species, mature stands for 
2 species, and large sawtimber stands for 3 species. 

Table 3 
Expected log number of each species for each stand size-class”. 
estimated from regressions with size-class as a dummy variable. 

for the White Mountains, New Hampshire and Maine, USA 

s Y M L 

Eastern wood-pewee 0.100 0.123 0.321 0.539 
Northern parula 0.166 0.086 0.145 0.469 
Chestnut-sided warbler 0.593 0.164 0.183 0.076 
Black-throated blue warbler 0.050 0.457 0.636 0.389 

Black-throated green warbler 0.000 0.482 0.508 0.770 
Blackburnian warbler 0.130 0.520 0.752 0.612 
American redstart 0.700 0.229 0.314 0.574 

Ovenbird 0.783 0.980 1.070 I.047 
Common yellowthroat 0.512 0.119 0.167 0.151 

Canada warbler 0.577 0.463 0.151 0.314 

“S = sapling, Y = poletimber. M = sawtimber. L = large sawtim- 
ber. 

For one species, ovenbird, all size-classes from pole- 
timber through large sawtimber were about equally 
important. For no species was poletimber alone im- 
portant. Chestnut-sided warbler, American redstart 
(Setophaga ruticilla), common yellowthroat (Geo- 
thypis trichas), and Canada warbler (Wilsonia 
canadensis) all showed strongest associations with 
sapling stands. Both chestnut-sided warbler and 
American redstart are widely known as birds of 
young (deciduous) forests (Green, 1995, pp. 139, 
140; DeGraaf and Rappole, 1995, pp. 417, 445). The 
latter 2 species may occur in early-successional 
forests but also in deciduous understories within 
mature forests (DeGraaf and Rudis, 1986; DeGraaf 
and Rappole, 1995, pp. 459, 463; American Or- 
nithologists’ Union, 1983, pp. 628, 633). 

The sawtimber stands that we sampled contained 
substantial understory components, and most sapling 
stands except aspen contained partial overstories of 
trees > 10 cm dbh, especially spruce-fir (Table 4). 
Thus, the distributions of bird species that were 
associated with either even-aged sapling stands or 
sawtimber stands with well-developed understories 
generally agree with reported habitat associations, 
but the forest understory species are not adequately 
described by size-class alone. Size-class associations 
for these species are best examined in light of the 
structure of the sampled stands. 

Black-throated blue- and blackbumian warbler 
were most strongly associated with mature forest 
(Table 3); the former species nests in dense under- 
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stories of mature forests (DeCradf and Rappole, 
1995, p. 4221, but was too uncommon in Lake States 
forests to be associated with size-class habitats 
(Green, 1995. p. 139). Blackburnian warbler was 
primarily associated with mature (conifer) habitat 
(Green, 1995, p. 140). From a size-class standpoint, 
these species are properly associated with mature 
forest. 

Species associated with large-sawtimber stands 
included eastern wood-pewee (Cmtops c~iwzs). 
northern parula, and black-throated green warbler 
(Table 3). Such a size-class is not reported as a 
distinct habitat for eastern forest birds, and is sub- 
sumed under mature forest. Each of the above species 
occurs in large-sawtimber stands, which contain at 
least half the stocking in trees > 51.0 cm dbh for 
softwoods and > 61 cm for hardwoods (DeGraaf 
and Rudis, 1986, p. 15). Large sawtimber and old- 
growth stands in New Hampshire tend to have 
widely-spaced huge trees and well-developed under- 
stories, but also tend to have wide ranges in over- 
story and understory tree sizes and can be quite 
patchy in distribution. Hardwood large-sawtimber 
stands are found on fine till soils and enriched sites; 
softwood large-sawtimber stands are found on silty 
sediments and on wet compact tills (Leak, 1987). 
The above three species’ habitat associations are 
different but all are commonly contained in large 
sawtimber stands: wood-pewee is common in open 
deciduous, coniferous, or mixed stands (American 
Ornithologists’ Union, 1983. p. 449: DeGraaf and 
Rappole, 1995, p. 307), northern parula in stands 
with bearded lichen (!IJ.sn~u) (Green. 1995, p. 138: 
Bent, 1953). and black-throated green warbler in 
open coniferous or mixed stands (American Or- 
nithologists’ Union, 1983. p. 613). Our large-saw- 
timber stands had relatively low densities of large 
trees and softwood components (Table 4); presence 
of lichen was not recorded. In sum, among species 
showing size-class affinities, interpretation of the 
relationships involves assessment of the structure of 
the associated stands. 

4.3. Stund structure associations 

Of the 31 species tested, within-stand structure 
explained a significant amount of variation in log 
numbers for 30 species. The number of significant 

regression coefficients ( P < 0. IO) was used as ;I 
measure of the importance or ability of the vxkdbla 

to explain the variation in log numbers (Table 5). 
Of the 14 stand structure variables used in tbc 

analyses, total foliage volume of large and mid-size 
deciduous trees were significant for IS \;pecies each: 
density of mid-size deciduous trees. total woody 
stem density. and total deciduous understory volume 
were significant for 14 species each. Total fohagc 
volume of large coniferous trees was significant ior 
13 species, and the density and foliage voiumc of 
mid-size conifers were significant for I ;I species 
Each of the other 6 variables were significant lor 
S-l 1 bird species (Table 5). 

The most frequent significant predicrors of t-en- 
tive abundance among the 34 Neotropical (Jong-dis- 
tance) migratory species were the density of mid-size 
deciduous trees ( 13 species, 6 posit&c, 7 negative), 
foliage volume of mid-size deciduous trees t 12 
species: 5 positive, 7 negative). foliage volume oi‘ 
deciduous understory ( I2 species; 7 positive. 5 nega- 
tive). Among the 6 resident/short-distance migrants, 
the most frequent significant predictors of relative 
abundance were woody siem density (4 species: .i 
positive. I negative) and foliage volume of large 
trees (4 species; 2 positive. 2 negative). Although 
each species studied had a unique set of structural 
habitat affinities, multi-layered stands are apparently 
more important to long-distance migrants, in general. 
than to resident/short-distance migrants. 

Canopy closure was a significant predictor of thr 
relative abundances of comparatively few species: 6 
Neotropical migrants (2 positive, 4 negative) and .3 
resident/short distance migrants (all negative) (Ta- 
ble 5). In sum, for species that usually occur in 
poletimber and sawtimber stands, the vertical com- 
plexity of stands is more strongly associated with 
forest bird abundance than is canopy closure. espc- 
cially for long-distance migratory species. 

5. Discussion 

This paper compares the relative abilities of lirrest 
cover-type, stand size-class, and stands structure- to 
predict the relative abundances of breeding birds in 
New England forests. Stand structure was a belter 
predictor of the relative abundances of breeding for- 
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est birds than either cover-type or size-class. Ours is 
the first attempt that we know of to compare these 
habitat measures, so comparison with similar studies 
is difficult. Lynch and Whigham (19841, in a study 
of 183 Maryland forests > 5 ha found that vegeta- 
tion characteristics were more important predictors 
of the relative abundances of individual bird species 
than were patch area or patch isolation. 

Robbins et al. (19891 in a study of 469 forest sites 
> 0.5 ha in Maryland and adjacent areas in Pennsyl- 
vania, Virginia and West Virginia found forest area 
to be the most important habitat correlate for 38 of 
75 bird species. Patch size is an important variable to 
include in habitat measurements in the highly frag- 
mented mid-Atlantic region, but is not relevant in 
extensively forested northern New England where 
our study was conducted. Robbins et al. (1989) 
surveyed birds in a variety of forest types in 4 
physiographic regions ranging from high-elevation 
northern hardwoods and oak-hickory in the Al- 
legheny Mountains to oak-pine and loblolly pine 
types on the lower eastern shore of Maryland and 
Virginia. It is likely that, if forest cover-type were an 
important predictor of bird occurrence, the relation- 
ships to forest area would have been confounded. 

Stand size-class is (perhaps) a poor indicator of 
bird occurrence not only because it is based on 
overstory conditions and because it masks major 
differences in bird assemblages between hardwood 
and coniferous forests, but also because stands of 
given species, spacings, and sites (i.e., capacity to 
produce trees of a given size) develop in characteris- 
tic patterns (Oliver and Larson, 1990, p. 41). Crown 
shapes result from species’ inherent growth forms 
and environmental conditions; depending on species, 
the terminal shoot more or less controls the length 
and orientation of lateral branches. Trees with strong 
apical control (many conifers. especially Picea and 
A&es) develop conical or columnar shapes, and in 
stands of such species the canopy closes at heights 
well below the tops of the trees. Trees with weak 
apical control (many hardwoods, especially Fugus 
and Acer saccharum) develop flat-topped crowns; 
canopy closure in stands dominated by such species 
occurs at or near the top of the canopy. Strong apical 
control creates a canopy with high ‘relief’ or ‘topog- 
raphy’; weak apical control creates a relatively flat 
canopy upper surface. Also, softwood stands tend 

toward much higher densities and basal areas than do 
hardwood stands. These structural differences be- 
tween hardwoods and softwoods (or among hard- 
woods or among softwood stands depending on 
species) are obscured by size-class alone, and likely 
render size-class per se a poor predictor of bird 
species occurrence. 

Foliage gleaning bird species show strong prefer- 
ences for tree species upon which they forage for 
insect prey in New England forests (Holmes and 
Robinson, 1981). These preferred tree species may 
provide sites where food resources are more abun- 
dant and/or insect prey is more easily detectable or 
accessible. Size-class does not adequately capture 
this level of habitat detail nor does forest cover-type 
in many instances. 

Studies in Europe (Oelke, 1966), England (Moore 
and Hooper, 19751, eastern North America (Bond, 
1957), especially in the mid-Atlantic states (Linehan 
et al., 1967; GalIi et al., 1976; Robbins, 1980; 
Whitcomb et al., 198 1) have examined the effects of 
habitat fragmentation on forest birds; forest patch 
size is strongly related to both bird species composi- 
tion and nesting success (see review by Askins et al., 
1990). Robbins (1980) first analyzed the relative 
importance of vegetation aspects, forest isolation, 
and patch area on forest bird composition in 67 
forest islands in the mid-Atlantic region; canopy 
height and forest isolation were the most consistently 
important predictors of the abundances of 51 bird 
species; patch area alone was significantly correlated 
with only 6 species’ abundances, although, as noted 
by Lynch and Whigham (1984), patch area and 
vegetation characteristics were possibly intercorre- 
lated. In their own large-scale study, Lynch and 
Whigham (19841 found that vegetation character- 
istics, rather than patch geometry, were the most 
important factors in determining bird community 
composition and local abundance of individual bird 
species. 

Studies of the relationship between habitat hetero- 
geneity and bird species diversity (MacArthur and 
MacArthur, 1961; MacArthur et al., 1962, 1966; 
Recher, 1969; Karr and Roth, 19711 and between 
forest habitat structure and bird species composition 
(Cody, 1974, 1978; James, 1971; Shugart and James, 
1973; Anderson and Shugart, 1974; Whitmore, 1975, 
1977; DeGraaf, 1992) have established a strong cor- 
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relation between habitat physiognomy and bird com- 
munity composition for temperate forests in North 
America, Europe, and elsewhere, Furthermore, in an 
exhaustive study of habitat associations of forest 
birds at 8 study sites in eastern North America 
(Maryland, Ohio, Tennessee, Maine, Michigan, and 
Vermont), habitat preferences, although quite spe- 
cific for each species, were shown to be remarkably 
consistent among widely different parts of species’ 
ranges (Noon et al., 1980). 

The spatial distribution of habitat patches is com- 
monly estimated by remote sensing, from either aerial 
photographs or satellite imagery. The nature of vege- 
tation character or structure can be assessed using 
aerial photography at various scales: the larger the 
scale, the more the structure can be detailed. For 
example, at scales of 1:25,000-l: 100,000, broad 
vegetative types can be recognized, largely by infer- 
ential processes; at scales of l:lO,OOO-1:25,000, di- 
rect identification of major cover-types and species 
occurring in pure stands can be identified; at scales 
of 1:2500- 1: 10,000 individual trees and shrubs can 
be identified and their heights estimated (Avery and 
Berlin, 1985, p. 269). Classification and mapping of 
forest cover, especially using satellite imagery, is 
problematical. Boundaries between classification 
units generally constitute transition zones (Heng- 
velde, 1990) rather than sharp edges represented by 
polygon peripheries (Miller, 1996). Therefore, on 
most depictions of forested areas a somewhat contin- 
uous gradation among units is represented as a dis- 
creet boundary (Lowell, 1994). Furthermore, forest 
landcover classifications built upon satellite imagery 
usually do not include species composition or struc- 
tural configuration of the forest (Miller, 1996). 

Large-scale (landscape, regional) efforts to iden- 
tify important habitats, assess degree of habitat pro- 
tection from development, or monitor species/habi- 
tat trends are important to conservation; for forest 
bird species, such efforts must include estimates of 
the factors to which the species of concern are 
associated. In the case of New England forest birds, 
it appears that forest structure plays a more impor- 
tant role in predicting species’ abundance than do 
stand size-class or cover-type. Given the consistency 
of bird species’ habitat relationships, such is likely 
the case elsewhere in these species’ ranges. Forest 
management that includes forest bird habitat en- 

hancement should consider the details of stand struc- 
ture and not rely solely upon cover-type composition 
or a distribution of timber size-classes to meet bird 
habitat needs. Such efforts will require inventory of 
key structural features (e.g.. DeGraaf et al., 1992) 
and not rely on remote sensing to monitor forest 
conditions. 
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Appendix A. Common and scientific names of 
birds observed in the White IMwntai~s, N&v 
Hampshire and Maine, 1979-1wH) 

Broad-winged hawk Buteo plut?lyteru.s 
Ruffed grouse Bonasa untbellus 
American woodcock Scolopflx minor 
Black-billed cuckoo Coccy:us ~tythropthai - 

mus 
Ruby-throated Archilochus coluhris 
hummingbird 
Yellow-bellied sapsucker Sphyrupicw rarius 
Downy woodpecker Picoides pubescens 
Hairy woodpecker Picoides LGx~~ 
Three-toed woodpecker Picoides tridktylus 
Black-backed woodpecker Picoides arcticus 
Northern flicker Coluptes atrrutus 
Pileated woodpecker LItycopus pileatus 
Olive-sided flycatcher Contopus Dorealis 
Eastern wood-pewee Cantopus Lyiret7.s 
Yellow-bellied flycatcher Empi&nax .fZauir:entris 
Alder flycatcher Empidonux ainorunt 
Willow flycatcher Empidonax traillii 
Least flycatcher Ernpidonax tiinimus 
Eastern Phoebe Suyornis phoebe 
Great crested flycatcher Myiarchus crinitus 
Blue jay Cyanocittu cristutir 
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Appendix A (continued) 

American crow 
Common raven 
Black-capped chickadee 
Boreal chickadee 
Red-breasted nuthatch 
White-breasted nuthatch 
Brown creeper 
Winter wren 
Golden-crowned kinglet 
Ruby-crowned kinglet 
Blue-gray gnatcatcher 
Veery 
Swainson’s thrush 
Hermit thrush 
Wood thrush 
American robin 
Gray catbird 
Cedar waxwing 
Solitary vireo 
Philadelphia vireo 
Red-eyed vireo 
Golden-winged 
warbler 
Tennessee warbler 
Nashville warbler 
Northern panda 
Yellow warbler 
Chestnut-sided warbler 
Magnolia warbler 
Cape May warbler 
Black-throated 
blue warbler 
Yellow-rumped warbler 
Black-throated 
green warbler 
Blackbumian warbler 
Pine warbler 
Bay-breasted warbler 
Blackpoll warbler 
Black-and-white warbler 
American redstart 
Ovenbird 
Northern waterthrush 
Mourning warbler 
Common yellowthroat 

Corvus brachyrhynchos 
Corvus cot-ax 
Parus atricapillus 
Parus hudsonicus 
Sitta canadensis 
Sitta carolinensis 
Certhia americana 

Troglodytes troglodytes 
Regulus satrapa 
Regulus calendula 
Polioptila caerulea 
Catharus fuscescens 
Catharus ustulatus 
Catharus guttatus 

Hylocichla mustelina 
Turdus migratorius 
Dumetella carolinensis 
Bombycilla cedrorum 
Vireo solitarius 
Vireo philadelphicus 
Vireo oliuaceus 
Vermiuora chrysoptera 

Vermkora peregrina 
Vermiuora rujkapilla 

Parula americana 
Dendroica petechia 
Dendroica penscluanica 
Dendroica magnolia 
Dendroica tigrina 
Dendroica caerulescens 

Dendroica coronata 
Dendroica sirens 

Dendroica fusca 
Dendroica pinus 
Dendroica castanea 
Dendroica striata 
Mniotilta ilaria 
Setophaga ruticilla 
Seiurus aurocapillus 
Seiurus noueboracensis 
Oporornis Philadelphia 
Geothlypis trichas 

Canada warbler 
Scarlet tanager 
Rose-breasted grosbeak 
Indigo bunting 
Rufous-sided towhee 
Swamp sparrow 
White-throated sparrow 
Dark-eyed junco 
Rusty blackbird 
Brown-headed cowbird 
Purple finch 
White-winged crossbill 
American goldfinch 

Wilsonia canadensis 
Piranga olivacea 

Pheucticus ludovicianus 
Passerina cyanea 
Pipilo erythrophthalmus 
Melospiza georgiana 
Zonotrichia albicollis 
Junco hyemalis 
Euphagus carolinus 
Molothrus ater 
Carpodacus purpureus 
Loxia leucoptera 

Carduelis tristis 
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