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Abstract.-QHigh horizontal diversity of vegetation in mixed
hardwood-coniferous forests is identified as a key feature af-

fecting avian communities.

The extremely high bird species di-

versity of mixed forests is explained by patchiness of forest
vegetation and selection of discrete habitat patches. by birds
that are typical of either more nertherly or southerly forest

" types. .. Bird population densities, seasonality of avian communi-
ties, and impacts of succession on avian communities are inter-

preted -in relation to forest ecology.

Impacts of silviculture

on avian communities are predicted, and modifications that favor
“diverse avian communities are suggested.

INTRODUCTION

~In sp1te of the1r norther1y d1str1but1on,
the various types of mixed hardwood-conifer-
. -ous forests in north central and northeastern
Ynited States support remarkedly rich avi-
-faunas. -The bird species diversities in
these mixed forest types are ‘among the high-
- gst of any of the forests in North America
" .and the highest of any: of . the forest types
- oin the north ‘central and northeastern re-
~gions- (Table’ 1), This cohspicuously high
“bird species diversity provides the basis
“forour-discussion of ‘the bird communities .
S ‘of-the mixed forests. . We address ourselves
“.to ‘the: following questions:
+*istics of the -forest vegetat1on allow such -

ferences- of :bird species. that occur in the

. ‘mixed forests. relate. to. the -high species di-.

-‘.ff-vers1ty? ‘How are these diverse bird communi-
. 4das organized? What effects do modern. for-

restry practices have on the diversity of bird '

- '_commun1ties.1n mixed forests?. What types of
- management practices promote high bird -
J-Species'diversity in'mixed forests?ﬁr' :
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DESCRIPTION OF MIXED HARDWOOD-CONIFEROUS
FOREST VEGETATION

The following description of the hard-
wood~-coniferous forests of the north cen-
tral and novtheastern U.S. begins by con-
sidering the presettiement forest biome.

~ This historical approach seems worthwhile

because-much of the research on the dynam-
ics of both forest and bird communities

.has been conducted using historical records
or studying virgin relics and unmanaged

forests. The same biological and physical

 processes illustrated in these studies
.- continue to shape the composition of our
- ‘modern, mixed forest biome, albeit altered

by man’s actions. A prerequisite to the
management of this modern forest biome for
non=game birds is an understanding of the
complete range of forest environments in
which the bird community evelved, and this
comes only “from dn. h1stor1ca1 perspect1ve

DistributidhIand'Composition of Forest Types

. The mixed forest biome of the north-
central and northeastern United States is -
roughly .synonymous. with the hemlock-white
pine-northern-hardwood ‘region of Braun

(1950). - It covers the northern Great Lakes
“region, southern Quebéc, Nova Scotia, New

Brunswick and New: England, dipping south

.~ ~along the Appalachian Mountains (Fig. 1).
o At theowestern boundary in northern Minne-

sota the biome-grades into.parkland and

o _prairie;. to the north, it is replaced by



Table 1.--Comparisons of bird species diversity in various forest E?mmun1t1es in. the north-
eastern and north central United States=

) 2/ " Forest
Community Type=

Average No.

Average species
of bird species 3/

diversity index~

composition per census route per census route
Spruce-Hardwood mixed 60.3 3.377
Adirondack Mountain mixed 61.3 3.457
Northern Hardwoods mixed 63.3 : 3.508
Wisconsin Driftless Area deciduous 58.1 3.123
Eastern Lake Section -deciduous 54.4 2.938
St. Lawrence Valley deciduous 55.9 3.063
Allegany Plateau deciduous T 3.135
Closed Boreal Forest coniferous 51.5 3.262

Ypata from an analysis of Breeding Bird Surveys {1968-1973) by Peterson (1975)

/See map in Peterson (1975).

§/Ca1cu1at1ons based on Shannon-Weaver function {Tramer 1969).
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Figure 1.--The geographic distribution of
mixed hardwood-coniferous forests in the
north central and northeastern United
States (adapted from Braun's (1950} map
of thée hemlock-white pine-northern hard-
woods region). Forests within this re-
gion differ in their species Comp051t10n,
but a]l are mixed forests

.saccharum).

boreal forest and to the south by southern
deciduous forest, savanna and mixed forest
of the southern Appalachians. Various as-
sociations of hardwocd-coniferous forest
occur throughout this biome.

Curtis (1959) has given a most com-
plete regional description of the preset-
tlement hardwood-coniferous forest commun~
ity. The major dominant tree species of
the upland wmixed forests of Wisconsin are,
in order of increasing shade tolerance:
jack pine, {Pinus banksiana); hill's oak,
{Quercus elipsoidales); quaking aspen,
{Populus tremu101des), red pine, (p. .
resinosa), white pine, (p. strobus); papéer
birch, (Betula papyrifera}; red oak, (o.
borealls), red maple, {Acer rubrum); yellow
birch, (B. iutea); basswood, (7ilia ameri-
cana), hemlock (Tsug& canadenszs) beech,
{Fagus grandifolia)} and sugar maple, {a.
Table 2 summarizes the compo-
sition and structure of typical stands.of
mixed forest in Wisconsin. L

There are severa1 geographic trends in
the biome. In the extreme western portion
of the biome, beech, hemlock and yellow
birch successive1y_disappear_and white pine.
and basswood increase in importance. East
of -Wisconsin, red spruce (Picea rubens),
sweet birch (Betula ienta)-and gray birch
(B. populifolla) join the forest and in-
crease -in importance along with. hemlock and

_beech; -jack pine, red pine and yellow birch
'dec11ne,

These compositional c¢hanges  of-
ten involve the replacement of one spacies

by an ecological equivalent with a similar

1ife-form so that the physiognomy of the
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Table 2.--Structure and composition of typical stands of hardwoqd—coniferous forest.™

Plants per acre
Less than 1" d.b.h.

Plants per acre
More than 1" d.b.h.

"ixggér¢u$;ellipsbidaiis s

68

Locality Less More
and than than :
Species 1"tall T"tall 1-4" 4-10" 10-20" 20-30" 30+
a. MWet-mesic swamp of cedar and fir in Vilas County, Wisconsin
Abies balsamea 3800 1000 56 200 0 0 0
Acer rubrum 3000 200 39 9 4 0 0
Betula lutea 1600 0 0 0 7 0 0
B. papyrifera 0 0 3 44 14 0 0
Fraxinus nigra 400 400 0 19 0 0 ¢
Picea mariana 0 0 0 3 0 0 0
Populus tremuloides 0 0 0 0 4 0 0
Sorbus americana 1000 0 9 6 0 0 0
Thuja occidentalis 10,400 0 76 31 14 0 0
Quercus borealis 400 0 0 0 0 0 0
b. Mesic forest in Vilas County, Wisconsin
Abies balsamea 40 15 23 1 0 0 0
Acer saccharum 20,160 5680 72 36 16 A 0
Betula lutea 7100 7 6 3 20 3 0
ostrya virginiana 80 100 18 6 0 0 0
Picea glauca 0 0 0 0 0 1 0
Pinus strobus 0 ] 0 0 2 Z 1
Tilia americana 130 65 15 6 7 0 0
Tsuga canadensis 260 2 17 18 18 4 0
- Ulmus americana 65 90 ) - 8 4 3 0
c. Mesic forest in Door County, Wisconsin )
. Acer saccharum © 17,280 - 960 11 17 41 0 0
- Betula papyrifera I ¢ 0 1 12 0 0 0
. Fagus grandifolia = 0 0 1 12 0 0 0
Fraxinus americana .. 2560 480 0 0 0 0 0
_ Ostrya virgindana. - 640 1440 3 0 0 0 0
. Pinus strobus 0 0 0 0 2 1 1
" Prunus serotina 160 0 0 1 0 0 0
(Quercus borealis 160 0 0 0 2 . 0 0
:Tsuga canaden315'”_ 0 g 6 0 4 1 0
d. . Dry mes1c red p1ne forest in 0ne1da County, W1scons1n
' Acer rubrum _ 3400 7 1000 80 25 0 0 G
.Betula papgrxfera 0 0 35 31 2 0 0
" Pinus resinosa S | 0 b 7 67 0 0
P. strobus 2800 - 1400 27 5 3 4 0
- Populus. grandidentata 0 0 3 5 1 0 0
P tremiloides’: - L0 ) 0 1 3 1 0 Y
Quercus borealls ® ) 460 0 23 24 1 0 0
el Dry Jack p1ne forest 1n Burnett County, H1scons1n _ ' - :
' Acer rubriam - 312 62 14 6 - 2 0: 0
Betiila papyrifera 0 -0 0 9 0 0 . - a
i pinus banksiand - 0 144 71 . B9 33 0 :- 0
. P/ strobus- _ 164 w20 0 =0 2 0 0
. Populus tremuloides _ R 0 7 0 0 0
1568\_ 865 43 1 0. - -0

o Yaser cartis asse).




forest, which is so impertant to the bird com-
munity, changes less than a Tist of tree
species might indicate,

Topography also varies from west to east
as the gentle, glacial landscape of the lake
states gives way to the montane landscape of
Pennsylvania, New York and New England. In
the lake states, variation in forest composi-
tion is often associated with changes in the
undertying glacial deposits and in the depth
of the water table which varies with slight
changes in topography. The sastern region
was also glaciated, but montane topography
has a dominant influence upon the vegetation
which varies with changes in altitude, ex-
posure and bedrock{Braun 1950).

Within the mixed hardwood~-coniferous
forest, boreal elements such as black and
white spruce (Picez mariana and P. glauca)
increase toward the north while deciduous
spacies such as the maples and oaks increase
towards the secuth. In a sense, the biome
may be considered a broad zone of transition
or an ecotone between the boreal forest and
southern deciduous forests; however, it is
largely composed of unique tree and shrub
communities which include important tree
species that are essentially Timited to the
mixed forest biome (Braun 1950).

The composition of the upland, mixed
forest on any particular site 15 determined
by a complex interplay of edaphic factors,
climate, succession, gap phase (sensu Watt
1947) disturbances (such as windthrows,
disease and insect damage), and catastrophic
disturbances (such as blowdowns, fire and
insect or disease epidemics). The inter-
action of these biotic and physical factors
constantly alters the forest enviranment,
shifting the competitive advantage in a
given locale from one tree species to a-
nother and creatlng a mosa1c of forest
types.

In the absence of disturbance, the re-
p]acement of shade intolerant trees by tol-
~erant species and changes 4n the sail would
theoretically result in a homogeneous ¢limax
forest over much of the hardwood-coniferous
forest biome. Throughout mich of the lake
:states region, sugar maple would become’ the
'single dominant ‘tree. Largely because of.
disturbance, the mixed forest has never been
dominated by one or & few shade tolerant _
species. Relatively small gaps in the can-
opy create favorable conditions for the
growth of yellow birch, basswood, elms
(Ulmus americana;. U. rubra), wh1te ash
(Fraxinus americans}, red maple and, if
the gap is sufficiently large, white pine.
. Mindthrown trees provide ideal seed beds
~ for hemiock which is shade tolerant once

established as a seedling., Catastrophic e-
vents often create conditions favorable for
shade-intolerant pioneer species such as the
pines, quaking aspen, paper birch and pin
cherry ?Prunus pensylvanica). However, cat-
astrophic disturbances, when not associated
with fire, and small scale disturbances of
mesic forest do not necessarily lead to the
establishment and growth of pioneer or gap
phase species, but may be followed instead
by the immediate reestablishment of mesic
species from sprouts, and existing seedlings
and saplings: This interplay of succession
and disturbance tends to favor mixed forests
over homogeneous forests of coniferous or
hardwood species. Studies throughout the
hardwood bicme indicate that the dominant,
presettiement forests were mixed hardwood-
coniferous forests at various successional
stages (Lutz 1930; Bromley 1935: Nichols
1935; Hough 1936; Graham 1941; Curtis 1959;
Marsh 1965; Carroll 1973).

Successional Patterns in Mixed Hardwood-
Coniferous Forests

Figure 2 outlines the basic pathways
that succession follows, the effects of
disturbances, and the relationship of mixed
hardwood-coniferous forests to the other
forest communities of the north central and
northeastern regions, Table 2 shows the
tree composition of typical stands of mixed
forest. The structure and composition of
stands is determined by a complex of en-
vironmental factors that results in varia-
tions in composition that fo11ow major en-
V1r0nmenta1 gradients.

Rather than disrupting the mixed for-

‘est biome, fire, windthrow and other dis-
“turbances have contributed to-a rich plant

community by maintaining a .dynami¢ balance
between tree species {Graham 1941; Stearns
1949; Loucks 1970). In the_presett1ement
hardwood coniferous forests, this interplay
of succession and disturbance created a
complex mosaic of forest types in which all
successional stages of forest wevre. repre-
sented by stands.of varying age and species
composition (Watt 1947; Braun 1950 Bray
1956 Curtis 1959; “Carrol 1973). :This

-comp]ex phy51ognomy has been an 1mportant

factor in the evolution and persistence of

. the diverse community of birds in. the biome.

The;diverse'life—fomﬂs,-vertica].patterns
of vegetat1on, and successional types. pre-
sent-in the’ hardwood-coniferous forest pro-
vide a ‘vich variety of habitats and resour-
ces for birds, allowing many species to co-

-exist. -Furthermore, localized changes in

the composition .of the- forest vegetatian

~through succession and disturbance continu-

ally alter the competitive environment for
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