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Abstract.--Birds select habitats by several different
mechanisms to supply the requisite needs of the species.
Several statistical tests can be used to correlate bird

species with habitat variables. Combining variables by

means of factor analysis can indicate how species relate to
forms of disturbance in forest habitats.

Natural changes in forest community structure that
occur in plant succession can be altered by many human

caused disturbances. These disturbances_ which include
fire, logging, increasing edge, retention of snags and

maintaining a diverse hahitat, are also effective tools for
the manager of nongame birds.

INTRODUCTION AVIAN HABITAT SELECTION

If you are a bird watcher you know that Why are birds where they are? Birds

different species of birds are found in e_r- adapt to areas where their requisite needs areacteristic habitats. To find Barred Owl , found. Their breeding habitat must supply all

for example, you go to hardwood forests in wet the needs 9 including nesting site, nesting

or swampy riverbottoms at night. The Black- material, food_ and protection for each spe-
backed Three-toed Woodpecker is found deep in ties. Within the evolutionary process, birds
coniferous forests where fire, logging or wind develop mechanisms enabling them to find these

have left some standing snags with heavy un- areas, l_nen they arrive in their habitat they

derstory. The Great Crested Flycatcher is of- apparently instinctively perceive signals from

ten found in large woodlands with small open- the environment indicating their requisite

ings and perch sites. The Red-breasted Nut- needs are present (Klopfer and Hailman 1965,
hatch is wide ranglng in mature evergreen For- Wiens 1969) and do not attempt to breed in
eses whereas the White-eyed Vireo can be seen other habitats (Lack 1933). Some species of

in the shrub and understory of southern for- birds are known to imprint on the place of

ests and forest edge. The Black-and-white their birth. For example, Klopfer (1963)
Warbler is found in mature forests and the shows how Chipping Sparrows return either to

Swamp Sparrow nests in bogs and marshes, the deciduous or coniferous forested areas
around North Carolina depending on the partic-

In North America there are 821 species of ular forest in which they are born. Hilden

birds of which at least 225 species occur in (1965) surmnarizes several studies on gulls to

the reglons _f concern to members of this show learning in habitat selection.

Workshop. How can we manage for that large a
number of species with their diverse needs? Since territorial animals seek their hab-

The key is to understand why species are found [tat rather than randomly disperse and settle
in a particular habitat, how habitat changes through the environment, ethologists feel that
affect them. and how to manage for assemblages structural features of the habitat provide

or communities of birds rather than individual "sign stimuli" (Lack 1933, 1937, Nilden 1965).

species. These stimuli serve as forms or guideposts toindicate which habitats can be expected to

supply the species' needs (Wiens 1969). It is
mosE important to recognize that minor habitat
alterations which destroy such "sign stimuli"

I/ Chief, Nongame Section, Migratory can result in changes in bird species compo-
Bird _nd Habitat Research Laboratory, U.S. sition. Although a species might be found in
Fish and Wildlife Service, Laurel, MD 20811. a number of habitat types, the population in

2/ See Appendix i for scientific names each habitat has characteristics that separate

of bi_d species discussed in paper, it Erom another. For example, when



morphological characteristics of Red-breasted gmlen (1970) shows that bird counts in Flor-
Nuthatches are examined in western Oregon, ida pine stands are essentially the same in

different bill a_ leg sizes are fou_ in the burned and unburned stands when fire burned

fir and pine populations (Fig. I) (_derson the area during the breeding period.
1976).

Habitat structure, however, is the basic

ORNL-OWG72-10276 reason for the presence of birds in an ar_a.

t7 -- J_ Management of nongame birds, therefore, re-

quires an understanding of the habitat struc-

ture and avian response mechanisms.

_BITAT CORRELATION

Information on the habitat of nongame

_ -- (25) (2Q) (10) (_8) birds can best be used by wildlife managers if

BILLLENGTH _RSUS LENGTH it is translated into measurable features.
Research biologist_ began to quantify habitat
variables and correlate them with bird species

G [-- in the late 1950s and 1960s. _ile more needs

L to be done on this subject, particularly in

terms of seasonal and latitudinal differences,

4 _-- there are results that can be used by

managers.

To describe avlan habitat in Arkansas,

James (1971) uses multivariate methods no in-

2 -- (23) (20) (23) (20) dicate differences zn vegetation variables

BILL WIOTH BILL DEPTH She points out that each species has a per-

ceptual world Eo which it responds as _n or-

ganized whole (niche-gestaIt). This technique
71 -- allows biologists Eo quantify the different

vegetation components necessary for the spe-
__ cies Warbling Vireos are found in deciduous

_7_ FIR forests 40-100 feet tall that are relativelyGG
_ PINE unifo_ in height and near the edge habitat.

_ite-eyed Vireos show a preference for for-
ests with mixed size class trees around 40

feet tall. Specific components can be listed6t (g_) (20}
for each bird species in the forest (Fig. 2).

WING LENGTH

Figure l.--Selected morphological character- 4o-_i_ ¢o
isties of Red-breasted Nuthatches in western

Oregon fir and pine forests. A two-tailed
t-test shows a significant difference betwee

the bill width, depth, and tarsus length.

Horizontal line is the mean, rectangle

represents the standard error, and vertical
line the range.  \[fl

_ereas most species seem to respond _o

the structure of the vegetation_ other visual Figure 2.--Outline drawings of the niche-

clues provide info_atlon about the habitat, gestalt for the Warbling Vireo (left) and
Svardson (1949) indicates that water, over- the _ite-eyed Vireo (right). Numbers give

looks, vegetation on the ground, and the shade vertical scale in feet (from James 1971).

of green influence the areas selected by some
species of English birds. [n _nother study using multivariate analysis,

_derson and Shugart (1974) show that Dory

Migratory birds do not begin tc establish Woodpeckers in an east Tennessee deciduous
their territories or select nest sites until _orest are correlated with the number of sap-

some weeks after they arrive in breeding habi- linBs. _ite-breasted _thatches are corre-

tat (Tinbergen 1961). Once birds have estab- lated with understory vegetation and the bio-
lished their territory, they remain fixed co mass of crees in the lowest woody vegetation

these sites despite frequent adverse conditions, layer (Fig. 3). _ite-breasted Nuthatches



Figure 3.--Trees associated with Downy Woodpecker and White-breasted Nuthatch
in east Tennessee deciduous forest (from Anderson and Shugart 1974).

and Downy Woodpeckers thus select their habi- principal componenu axis. He Eound an ordi-
tat using similar criteria. The distinction nation of birds along this axis with most

is that the woodpecker is found in areas with species concentrated toward the moist forest.
well developed understory whereas the nuthatch

is in areas of sparse understory. Factor analysis is another statistical
technique that is very similar to principal

Whitmore (1975) used discriminant fune- component analysis. Each tes_ reduces the

tion analysis Eo determine important habitat habiza[ variables in a multidimensional space
variables for bird communities in Utah. He Ko a linear component. Principal eomponenE

found that the percentage canopy cover was the analysis scales the variables so that the sum
most important individual habitat characteris- of the squares for the element in each vector

tie that could he used as a predictor of which equals one. When this is done the associated
51rd species occupy a particular environment, eigenvalue (characteristic root_ is inter-

The shrub density, number of trees 7.5 - 15 em preted as the variance along the principal
DBN and percentage ground cover followed in component axis. Vectors in factor analysis

order of priority, are scaled so that the coefficients are the

correlation coefficients with the original
Ordination by means of principal eompo- measurements.

nent analysis is also possible as demonstrated
by Smith (1977) in Arkansas. There he uses a Factor analysis was used to evaluate

combination of all habitat data to form the the habitat of breeding birds in the Upper
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Peninsula of Michigan. The purpose of this rotation was used to obtain a simple 8true-
study was to evaluate the effect of a wildfire ture that was easier to interpret. The

that burned over 260 square kilometers on the factor scores for the variables on Table 1

Seney National Wildlife Refuge in 1976. Seven allow the selection of the most significant

paired eight-hectare plots, one of each pair variables,
on burned and one on unburned habitat_ were
established to conduct the evaluation. Two An examination of the loading of the

major habitats, the northern mixed forest and first factor shows that it represents the

the bog/fen, were burned on the Refuge. The mature forest, with a strong positive corre-

mixed forest consisted of a few pure stands of lation to the number of trees, the percent-
blaek spruce (P_dea mariana), paper birch age canopy closure, and the mean canopy depth

(Be_ula papymifera) and quaking aspen (Pepulus (high values for this variable indicate the
tremuZoides). There were many areas where the presence of conifers). The second factor

forest was quite open and trees sparse, allow- represents the effect of the burn and has a

ins dense coneentratlons of alder to grow. high positive correlation with the number of
Most of the region consisted of a mixture of snags and the number of seedlings. The most
aspen, cherry, spruce, maple, pine, fir and marked change on burned plots between the

birch, first and second growing seasons after the

fire is the high number of seedlings, mainly

The fire burned in a very erratic manner, aspen (Populus tremulolde8 and grandidenta%a),
In some places it destroyed virtually all of that become established on the charred soil.

the standing timber. In other places the fire High numbers of seedlings on unburned plots

simply burned in and around the bottom of are due to advanced reproduction. The third
trees, destroying some of them. In the spring factor represents the shrub component of the

following the fire, seedlings of quaking aspen vegetation. The factor scores for variables
and jack pine (P_nu8 banksian_) as well as on each plot can be examined (Table 2) and

lowbush blueberry (Vaeelniumau_justlfol_z_n) compared with the composite scores (Table i)
and bracken fern (Pteridium aquiline) grew on to determine the variation of the plot from

the burned ground. By the spring of 1978, two the mean.
years after the fire, the ground had a rich

cover of aspen seedlings and blueberry. Figure 4 shows the two dimensional ordi-
• nation of plots in the space of the habitat

On the Seney Wildlife Refuge, the bog factors. The burned and unburned plots are

habitat was covered by a thick layer of peat best separated on the basis of factors one
.resting on sandy soil. The area had long (up and twD. All unburned plots except 6 and 7,

to 2 kilometers) dense bog forests that were which are located in the relatively open
less than 0.25 kilometers wide. Tamarack bog/fen, have positive scores for Factor i.

(L_ix Zaz_cin_) and red maple (Acer r_brum) Burned plots 6 and ] likewise have negative
were the con_on tree species. Between the values for Factor 2. The dead trees of plot

forests were flat bogs containing typical bog 6 are not standing as snags because the sup-

plant species as well as short tamarack and porting root systems are burned away. The

hog birch (B_tuZa pumiZa). Fire burned rapid- burn on plot 7 is not severe and has little
ly through some of these areas, destroying the effect on the bog shrubs and the few small

trees, grasses, sedges, and the upper layers trees. When Factor 3 is added (Fig. 57,

of peat. Interspersed in the open bog areas burned and unburned plots 6 are clearly sop-
were small sand islands less than 0.04 hec- crated. There are high numbers of bog and

tares with populations of red and white pine lowland shrubs on the unburned plot of the

or aspen and birch. Most of the sand islands pair; however, recovery cannoK occur quickly
were no larger than a hectare, because the shrubs and top layers of peat are

burned away. TwO years after the fire, only

Each plot was eensused for breeding birds sedges (Carex sp.) and cotton grass (Erio-

eight tlme_ each spring in 1977 and 1978. All phor_xm sp.) are established.
birds heard and seen were recorded. The vege-

tation data were collected on ten 0.04-hectare Burned plot 4 stands out as having
points randomly selected %rlthln the plots by scores close to zero for all factors. A

means of s modified James and ghugart (1970) smaller (72_) portion of this plot burned

method, with a less intense fire. Consequently fewer

trees are dead. The living trees give this
An ordination of the plots (Figs. 4, 5) plot a higher percentage of canopy closure

was constructed by a principal axis factor than several of the unburned plots.
analysis of the habitat variables with a vari-

max rotation (Overall and Klett 1972, Grog- The factor score for each bird species

Smith 1964, and Barret el. 1976). Unrotated is determined on the basls of weighted varla-
principal axis factors only differed for prin- bles of the plots where the species is found

¢ipal components by a scaling factor. Varimax (Table 3). Selected bird species are added




