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Abstract.--Hign _orizontal diversity of vegetation in mixed
hardwood-coniferous forests is identified as a key feature af-
fecting avlan 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 northerly or southerly forest
types. Bird oooulation 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 DESCRIPTIONOF MIXED HARDWOOD-CONIFEROUS
FORESTVEGETATION

In spite of their northerly distribution,
the various types of mixed hardwood-conifer- The following description of tne hard-
ous forests in north central and northeastern wood-coniferous forests of the north cen-
United States support remarked_y rich avi- tral and northeastern U.S. begins Dy con-
faunas. The bird species diversities in sidering the presettlement forest biome.
these mixed forest types are amongthe high- This historical approach seems worthwhile
est of any of the forests in North America because muchof the research on the oynam-
and the highest of any of the forest types ics of beth forest and bird communities
in the north central and northeastern re- has been conducted using historical records
gions (Table I). This conspicuously high or studying virgin relics and unmanaged
bi_d species diversity provides the basis forests. The same biological and pnysical
for our discussion of the bird communities erecesses illustrated in tnese studies
of the mixed forests. Weaddress ourselves continue to shape the composition of our
to the following questions: What character- modern, mixed forest biome, albeit altered
istics of the forest vegetation allow such by man's actions. A prerequisite to the
diverse bird communities to develop? Howdo managementof this modern forest biome for
the geographic distributions and habitat pre ................. an understanding of _ne
ferences of bird species that occur in the complete range of forest environments in
mixed forests relate to the high species di- which the bird community evolved, and this
versity? Howare these diverse bird communi- c6_es only from an historical perspective.
ties organized? What effects do modern for-
estry practices have on the diversity of bird
communities in mixed forests? What types of Distribution and Composition of Forest Types
managementpractices promote high bird
species diversity in mixed forests? The mixed forest biome of the north-

central and northeastern United States is
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Table l.--Comparisons of bird species diversity in various forest _gmmunities in the north-
eastern and north central United States±'

Average No. Average species3z
Forest of bird species diversity index±'

Community Typ_ / 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 54.9 3.135
Closed Boreal Forest coniferous 51.5 3.262

1--/Datafrom an analysis of Breeding Bird Surveys (1968-1973) by Petersor (1975).

_/See mad in Peterson (1975).

3--/Calculationsbased on Shannon-Weaver function (Tramer 1969).

boreal forest and to the south by southerr
deciduous forest, savanna ana mixed forest
of the southern Appalachians. Various as-
sociations of hardwood-coniferous forest

occur througnout this biome.

Curtis (1959) has given a most com-
plete regional description of the preset-
tlement hardwood-coniferous forest co_mun-

ity. The major dominant tree species of
the upland mixed Forests of Wisconsin are,
in order of increasing shade tolerance:
jack 3ine, (P1nus banksiana); hill's oak,
(Quercus elipsoldales); quaking aspen,

(Populus tremuloides); red pine, (P.

resinos_), white plne, (P. strobus); paper
birch, (Betula papgrifera); red oak, (Q.
borealis); red maple, (Acer rubrum); yellow

birch, (B. lutea); basswood, (Tilia amerl-
cana); hemlock [Tsuga canadensis); beech,
(Eagus grandifolia); and sugar maple, (A.

__ saccharum). Table 2 summarizes the compo-

sition and structure of typical stands of
mixed forest in Wisconsin.

There are several geographic trends in
the biome. I_ the extreme western oortion

of the biome, beech, hemlock and yellow

Figure l.--The geographic distribution of birch successively disappear and white pine
mixed hardwood-coniferous forests in the and basswood increase in importance. East
north central and northeastern United of Wisconsin, red spruce (Picea rubens),
States (adapted from Braun's (1950) map sweet birch (Betula lenta) and gray birc_
of the hemlock-white pine-northern hard- (B. gopulifolia) join the forest and in-
woods region). Forests within this re- crease in importance along with hemlock and
gion differ in their species composition, beech; jack pine, red nine and yellow birch
but all are mixed forests, decline. These compositional changes of-

ten involve the replacement of one specles
by an ecological equivalent with a similar
life-form so that the _hysiognomy of the
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Table 2.--Structure and Composition of typical stands of hardwood-coniferous forest.I-/

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

More than l" d.b.h.
Locality Less More

and than than

Species l"tall l"tall 1-4" 4-10" 10-20" 20-30" 30+"

a. Wet-mesic swamp of cedar and fir in Vilas County, Wisconsin
Abies balsamea 3800 I000 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 0
Picea mariana 0 0 0 3 0 0 0

Populus tremuloides 0 0 0 0 4 0 0

Sorbus _mericana I000 0 9 6 0 0 0

Thuja occidentalis 10,400 0 76 31 14 0 0
Ouercus borealis 400 0 0 0 0 0 0

b Mesic forest in Vilas County, Wisconsin
Abies balsamea 40 15 23 1 0 0 0

ncer saccharum 20,160 5680 72 36 16 2 0
Betula Zutea 7100 7 6 3 20 3 0
Ostrya vlrginlana 80 I00 18 6 0 0 0
Picea qlauca 0 0 0 0 0 1 0

Pinus strobus 0 0 0 0 2 2 1
Tilia amerlcana 130 65 15 6 7 0 0

Tsuga canadensis 260 2 17 18 18 4 0
Ulmus amerlcana 65 90 5 8 4 3 0

c Mesic forest in Door County, Wisconsin
Acer saccharum 17,280 960 ii 17 4] 0 0
Betula papyrifera 0 0 1 12 0 0 0
Fagus grandifolia 0 0 1 12 0 0 0
Fraxznus americana 2560 480 0 0 0 0 0
Ostrya virginiana 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 canadensis 0 0 6 0 a [ 0

d. Dry-mesic red Dine forest in Oneida County, Wisconsin
Acer rubrum 3400 i000 80 25 0 0 0
Betula papyrifera 0 0 35 31 2 0 0
Pinus resinosa 0 0 5 7 67 0 0
Po strobus 2800 I400 27 5 3 4 0

Populus grandidentata 0 0 3 5 ] 0 0
P. tremuloides 0 0 1 3 ] 0 0
Quercus borealis 400 0 23 24 1 0 0

e. Dry jack pine forest in Burnett County, Wisconsin
Acer rubrum 312 62 14 6 2 0 0

Betula papyrifera 0 0 0 9 0 0 D
Pinus banksiana 0 144 71 59 33 0 0
P. strobus 164 20 0 0 2 0 0

POpulus tremuloides 0 0 O 7 0 0 0

euercus ellip$oidalis 1568 865 68 43 II 0 0

!/After Curtis (1959).



forest, which is so important to the bird com- established as a seedling. Catastrophic e-
munity, changes less than a list of tree vents often create conditions favorable for
species might indicate, shade-intolerant pioneer species such as the

pines, 9uaking aspen, paper birch and pin
Topography also varies from west to east cherry _Prunus pensylvanica), However, cat-

as the gentle, glacial landscape of the lake astrophic disturbances, when not associated
states gives way to the montane landscape of with fire, and small scale disturbances of
Pennsylvania, New York and New England. In mesic forest do not necessarily lead to the
the lake states, variation in forest composi- establishment and growth of pioneer or gap
tion is often associated with changes in the phase species, but may be followed instead
underlying giacial deposits and in the depth by the immediate reestablishment of mesic
of the water table which varies with slight species from sprouts, and existing seedlings
changes in topography. The eastern region and saplings. This interplay of succession
was also glaciated, but montane topography and disturbance tends to favor mixed forests
has a dominant influence upon the vegetation over homogeneous forests of coniferous or
which varies with changes in altitude, ex- hardwood species. Studies throughout the
posure and bedrock(Braun 1950). hardwood biome indicate that the dominant,

presettlement forests were mixed hardwood-
Within the mixed hardwood-coniferous coniferous forests at various successional

forest, boreal elements such as black and stages (Lutz 1930; Bromley 1935: Nichols

white spruce (Picea mariana and p. glauca) 1935; Hough 1936; Graham 1941; Curtis 1959;
increase toward the north while deciduous Marsh 1965; Carroll 1973).
species such as the maples and oaks increase
towards the south. In a sense, the biome
may be considered a broad zone of transition Successional Patterns in Mixed Hardwood-
or an ecotone between the boreal forest and Coniferous Forests
southern deciduous forests; however, it is
largely composed of unique tree and shrub Figure 2 outlines the basic pathways
communities which include important tree that succession follows, the effects of
species that are essentially limited to the disturbances, and the relationship of mixed
mixed forest biome (Braun 1950). hardwood-coniferous forests to the other

forest corr#nunities of the north central and

The composition of the upland, mixed northeastern regions. Table 2 shows the
Forest on any particular site is determined tree composition of typical stands of mixed
Dy a complex interplay of edaphic factors, forest. The structure and composition of
climate, successlon, gap phase (sensu Watt stands is determined by a complex of en-
1947) disturbances (such as windthrows, vironmental factors that results in varla-
disease and insect damage), and catastroobic tions in comoosition that follow major en-
disturDances (such as blowdowns, fire and vironmental gradients.
insect or disease eeidemics). The inter-
action of these biotic and physical factors Rather than disrupting the mixed for-
constantly alters the forest environment, est biome, fire. windthrow and other dis-
shifting the competitive advantage in a turbances have contributedto a rich plant
given locale from one tree species co a- community by maintaining a dynamic balance
nother and creating a mosaic of forest between tree species (Graham 1941; Stearns
types. 1949; Loucks 1970). In the Dresettlement

hardwood-coniferous forests, this interulay

In the absence of disturbance, the re- of succession and disturbance created a
placement of shade intolerant trees by tol- complex mosaic of forest types in which all
erant species and changes in the soil would successional stages of forest Nere repre-
theoretically result in a homogeneous climax sented by stands of varylng age and species
Forest over much of the hardwood-coniferous composition (Watt 1947; Braun 1950; Bray

forest biome. Throughout much of the lake 1956; Curtis 1959; Carroll 1973). This
states region, sugar maDle would become the complex physiognomy has been an important
single dominant tree. Largely because of factor in the evolution and persistence of
disturbance, the nixed forest has never been the diverse community of birds in the biome.
dominated oy one or a few shade tolerant The diverse life-forms, vertical Da_erns
species. Relatively small gaps in the can- of vegetation, and successional types pre-
opy create favorable conditions for the sent in the hardwood-coniferous forest pro-
growth of yellow birch, basswood, elms vide a rich variety of habitats and resour-
(Ulmus americana; u. rubra), white ash ces for birds, allowing many species to CO-
(Fraxinus americana), red maple and, if exist. Furthermore, localized changes in
the gap is sufficiently large, white pine. the composition of the forest vegetation
Nindthrown trees orovide ideal seed beds through succession and disturbance continu-
for hemlock which is shade tolerant once ally alter the co,]petitiveenvironment for
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pine was removed from forests where it grew
at a densityof only 3 or 4 trees per acre

TIMESINCEDISTURBANCE_ (Curtis,1959). Followingthis high grading,
the forestwas clear-cutfor timber and/or
to clear the land for agriculture. Clear-

n_de_spxue_ cutting increased soil erosion, disrupted
r_Ae_ the water cycleand driedout the remalning

• forests (Marsh 1973; Curtis 1959). Fueled
•LOE._ CtP_ by slash,the incidenceof forest firesand

m_es_mp_ intensecrownfires increased,further limi-
BL*_K_H _,_ B_*CK̂_H ting the distributionand reproductivepo-

% '_L_w ..... tentialof these speciessensitiveto fire,
8L^c_̂ _B _ such as hemlock and white pine (Curtis 1959).REO MAPLE

YELLOW BI_CH _ _ WHITE _tRCH

.Eo.^pL_ _ Land in many areas proved uneconomi-
,t_toc_ l _ cal for faming and was abandoned(Curtisz

_ _ 1959; Marsh 1973). This land succeeded to
o _*. _B second growth forest of shade intolerant
_ #_M_oc__ _u_._^_ trees or was reforestedwith selectedspecies.
_ BEECH

^_" f In areas where agricultural land-use contin-
_ w.,_B,,C._ _ _ ued,the forestpersistedas isolatedwood-

_o_ lots fn a rurallandscape(Curtis1956).
PIN ¢_ERRy

YELLOW BIRCH

Chestnutblightand dutch elm disease vir-
_ _,_ _B,_̂ _. tuallyeliminatedthe chestnut(cast_e_

W#I(_ _lN_ _ YELLOW BIRCH _ent_ta) ana American elm from the biome,
._oo,K _ _ _o _^,_E and increasedpopulationsof herbivores

•- _# _.,_B,,_. such as white-tailedoeer and porcupinealso
bad some impact,especiallyor hemlock,white

R_@ PI#_

cedar an_ white pine.

/_ _:_ These historicalchangesreducedthe
.,_._ o^K amount of mixed hardwood-coniferous forest by

eliminating hemlock and Dine from many areas

Figure 2.-- a generalized scheme of forest of deciduous forest; favored early success-
successionin the mixed hardwood-conifer- iona]species;and createda younger, less
ous forestsof northernWisconsin. Success- diverse,second-growthforestwith a simple
ion followsthe arrowsfrom left to right, verticalerofile.
Coniferoustreesare italicized.

Modernforestry _racticesare leading
to manageosuccessionthroughoutmucn of the

the residentbirds species,oreveetinga single biome. The two principlemanagemenmstrate-
speciesor group of speciesfromdominating 9ies are even-agedmanagementby clear-cut-
the entireforestbirdcommunity, ring or shelterwoodant uneven-agedmanage-

ment by selectivecutting. The former nas
mosm frequentlybeen used_o perpetuateshade

Alterationsof the Mixed Forestsin Historical intolerantspecieswhile the lattercan only
Times De used to manage shade tolerantspecies.

The physiognomyof the forestwhich results

Beginningwith Europeansettlement,his- fromeithermanagementpracticedepends upon
toricalchangeshavealteredthe species the lengthof rotationin even-agedmanage-
compositionand physiognomyof the hardwood- ment. the minimummerchantablesize-class

in uneven-agedmanagement,and the area and
coniferousforests. Some of thesechanges configurationof timberstands. I_ the past.are oemanent. Althoughlocal economic
conditions,technologyand the motivation these _anagementdecisionshave been made
of the early settlersand those who followed withoutregardto the birdcommunitiesof the
variedfrom New Englandto the Midwest, biome. Whereasuneven-agedmanagementand
the variousaccountsof settlementreveal selectivecuttingcould closelysimulategap
a commonchronologyof change _nroughout ohasedisturbance,it Is generallyused to
the biome, encouragethe most valuablespecies and _o

elfminatepoorlysbape_ fpdividua]sand up-

Beginningwith the arrivalof the first economicalspecies(Curtis1959). Clear-
settlers,selectivecuttingof the most cuttingand shelterwoodmanagementcould
economicallyvaluabletrees eliminatedwhite also simulatedisturbancessuch as blow-
pine from large tracts of mixed forest downs and fire, but have been used most
(Marsh 1965; Carroll 1973). In Wisconsin, frequently to favor single, homogeneous
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forest types on short rotations. The manage- BIRD COMMUNITIES OF HARDWOOD-CONIFEROUS FORESTS
ment practices continue the post-settlement
pattern of: maintaining a forest of simple Species Diversity
physiognomy by favoring conifer or hardwood
forests over mixed forests; favoring early The high bird species diversity of the
successional stages; and maintaining a young mixed hardwood-coniferous forests is one of
forest with a simple vertical profile, the most important community characteristics

that needs to be understood. Table l shows

The modern hardwood-coniferous forest is that the diversity of mixed forests exceeds the

less complex and heterogeneous than the for- diversity of both the boreal coniferous for-
est in which the birds of this biome evolved, ests, which are located to the north, and the

In light of our current understanding of the deciduous forests to the south. There are two
effect that the spatial complexity of an en- possible explanations for the biome's elevated
vironment has upon the distribution of birds species diversity. One possibility is that

species and the density and diversity of the there are a large number of bird species re-
bird communities, one would conclude that stricted in geographic distribution to the
these differences have probably affected mixed forests. Together these mixed-forest
the bird community of the biome. The con- specialists might elevate the species diver-
trast between the presettlement and modern sity above that found to the north or south of
plant communities is a logical source of the biome. Udvardy (1963) analyzed the dis-
hypotheses related to the management of the tribution patterns of forest birds in North
biome for non-game birds America. Ne Found chat mixed narawooQ-conif-

erous fcrests contained only 5 species that
had both the centers of their ranges and the

SOURCESOF INFORMATIONON BIRD COMMUNITIES majority of their ranges located in areas of
mixed forest: tne nashville warbler, black-

The following discusslon of bird com- tnroateo blue warbler, blackburnian warbler,
munities of the mixed hardwood-coniferous for- chestnut-sided warbler, and canada warbler.
ests is based on a combination of our owr The overlap of tnese species' ranges with the
field work in the mixed forests of _iscon- distribution of mixed forests is not precise,
s1_ from 1976 to present and on the publish- and even within the mixed hardwood-coniferous
ed accounts of other researchers. In Wis- forest biome, the specific habitat perferences
consln, we have studied the bird communi- )f these species dO not sugges_ that they are
ties of mixed forests primarily in two _o- mixed forest seecialists. Therefore, it does
calities: the Apostle Islands in Lake Su- not seem likely that the high bird species

perior and the Baraboo Hills in central diversity is the result of soecies being re-
Wisconsin. The vegetation and general stricted to the mixed forests.

ecology of the Apostle Islands nave been
described by Beals and Cottam (1960) ano An alternative explanation is that

the vegetation of the hardwooa-coniferous there are a large numper of bird species whose
forests in northern Wisconsin has been de- ranges lie primarily to the north or south of
scribed Dy Brown and Curtis (1952). Lange the mixed forests but overlae in the inter-

(1976) describes the vegetation of the vening areas. Thus, the bird communities of
Baraboo Hills, a unique region slightly the aardwood-coniferous Forests contain a mlx-
south of the normal range of mixed forests, _ure of bird species _hat are most typical of
which because of its topography supports forest types to the north or south. In this

typical hardwood-coniferous Forest types, respect, the avifauna of the mixed forests
Less intensive field work has taken place in would be reacting to the mixed forests as an
several other localities in northern Wis- ecotone, it is well Known that species diver-
consin, SUCh as the Chequamegon National sity is often elevated in ecotones; this occurs
Forest and the Red Cliff Indian Reservation. apparently because species from each of the two

adjoining )iomes :ind suitable areas or patches

Within these study a_eas we have used of habitat, thus _ermitting coexistence within

a variety of techniques to stuey bird com- the ecotone and enriching its species diversity.
munities. We used the census procedures Apparently this type of species enrichment
developed by Emlen (1971, 1977) to deter- occurs in the mixed forests; boreal forest and
mlne the specles composition of the bird deciduous forest )irds occur together in the
communities and the population densities mixed forests. Table 3 shows the north-south

of each species. We described the habitats extent of the ranges of various mixed forest
occuoied oy breeding birds using the pro- birds within Wisconsin, a state which has de-
cedures described by James (1971) and James ciduous forests in its southern tier, mixed

and Shugart (1970). In the Baraboo Hills forests over the central regions, and conifer-
we also used IPA mapping procedures (:err) ous forest in the far north. It is clear that
and Frochot 1970) to determine population the avifauna of these mixed forests is com-
densities, prised of species that have extended their
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Table 3.--Distributions of breeding forest birds of Wisconsin with respect to the distributionsof deciduous, mixed hardwood-coniferous, and boreal coniferous forests! /

(Extent of Species' Range)
S, Wisconsin < #N. Wisconsin

Deciduous Mixed ] Boreal
Breeding bird species forest forest i forest

Sharp-shinned Hawk XXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX)

Coooer's Hawk XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX)
GoshawK ! XXXXXXXXX_XXXXXXXXX)
Red-shouldered Hawk XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX)

3road-winged Hawk XXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXX×XX)
Spruce Grouse XXX_XXXXXXXX)
Ruffed Grouse XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXX)
Mourning Dove RXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX)
Yellow-billed Cuckoo KXXXXXXXXXXXXXXXXXXXXXX_×XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXX×XX>
Black-billed Cuckoo KXXXX×XXXXXXXXXXXXXXXXX_×XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXX×XX)
Long-eared owl XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX)
Great Gray Owl XXX_XXXXXXXXX_
Barred Owl <XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXX_
Great Horned 0wl (XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_(XXXXXXXX_
Ruby-throated Hummingbird (XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXX_

Red-heaaeu wooopecker _XXXXXXXXXXXXXX×XXXXXXXXIXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_,XXXXXXXX_
Red-bellied WooaoecKer (XXXXXXXXXXXXXXXXXXXXXX)_XXXXXXXXXXXXXXXXXXXXXXXXX I

Flicker (XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX
Pileated WoodpecKer (XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_KXXXXXXXX×
Downy Woodpecker (XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_(XXXXXXXXX
Hairy WoocDecKer (XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX

Yellow-bellled Saosucker (XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_<XXXXXXXX;
Northern 3-toed Woodpecker I XXX_XXXXXXXX_
Black-backed Woodpecker , XXXXXXXXXXXXX_XXX×XXXX)

Crested Flycatcher XXXXXXX×XXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXX)
Olive-sided Flycatcher , XXXXXXXXXXXXXXXXX_XXXXXXXXX)
Least Flycatcher XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXX)
Alder Flycatcher XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX)

Acadian Flycatcher XXXXXXXXXXXXXX×XX×XXXXX_XXXXXX
Yellow-bellied Flycatcher , XXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXX)
Eastern Phoebe XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:XXXXXXXXX)
Wood Pewee XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXX>
Gray Jay _ XXXXXXXXXX_XXXXXXXXX>
BIue Jay XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXXX>

Crow XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXXX)

Raven XXXXXXX×XXXXXXXXXXXXXXX_XXXXXXXX
Tufted Titmouse XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXX I

9lack-cagped Chickadee XXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXX
3oreal Chickadee XXXXXXXXXX_XXXXXXXXX

Brown Creeper XXXXXXX:XXXXXXXXX
White-breasted Nuthatch KXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXX×XXXXXXXXXXXXXXXX:XXXXXXXXX
Red-breasted Nuthatch XXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXX
Bewick's Wren _XXXXXXXXXXXXXXXXXXXXX
House Wren KXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:XXXXXXXX>
Winter Wren _ XXXXXXXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXX>
Carolina Wren (XXXXXXXXXXXXXXXXXXXXXX_XXXXX I
Brown Thrasher (XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXX>

Mockingeird (XXXXXXXXXXXXXXXXXXXXXX_XXXXX
Gray Catbird (XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXI
American Robin (XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX

Easterm Bluebird (XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXI
Olive-backed Thrush , XXXXXXXXXXXXX_XXXXXXXXXI

Gray-cheeked Thrush : XX_XXXXXXXXXI

Wood Thrus_ (XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXX×I
Hermit Thrus_ I XXXXXXXXXXXXXXXXXXXXX_XXXXXXXX×I
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Table 3.--Continued

(Extent of Species' Range)
S. Wisconsin 4- >N. Wisconsin

Deciduous : Mixed _ Boreal
Breeding bird species forest i forest i forest

f I
i I

Veery XXXXXXXXXXXXXXXXXXXXXXXT_XXXXXXXXXXXXXXXXXXXXXXKXXXXXXXX_XXX×XXXXXX
Ruby-crowned Kingl et : XXXXXXXXXXX_XXKXXXXXXX
Golden-crowned Kinglet _ XXXXXXXXXXXXXXXX_KXX×XXXXXX
Blue-grayGnatcatcher XXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXX
Cedar Waxwing XXXXXXXXXXXXXXXXXXXXXXXX_(XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)qXXXXXXXXXX
Be11'sVireo XXXXXXXXXXXXXXXXXXXXXXX_XXX :
Red-eyedVireo XXX_XXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX
WarblingVireo XXXXXXXXXXXX×XXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX
Yellow-throatedVireo XXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXX,
SolitaryVireo XXXXXXXXXXXXXXXXXXXX_XXX×XXXXXX
Black-and-WhiteWarbler XXXXXXXXXXXXXXXXXXXXXXX_KXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XX×XXXXXX
ProthonotaryWarbler XXXXXXXXXXXXXXXXXXXXXXX_XXXNX I
Golden-wingedWarbler XXXXXXXXXXXXXXXXXXXXXXX_KXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX
Blue-wingedWarbler :XXXXXXXXXXXXXXXXXXXXXX_KXXXXXXXXXXXX I
NashvilleWarbler :XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXX×
ParulaWarbler XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX
YellowWarbler CXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX
14agnoliaWarbler XXXXXXXXXXXXXXKXXXX×XXXXXX_XXXXXXXXX
Black-throatedBIueWarbler XXXXXXXKXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX
Yellow-rumpedWarbler XXXXXXXXXXXXXX_XXXXXXXXX
Black-throatedGreenWarbler XXXXXXXXXXXXXXXXXXXX_XXXXXXXXX

CeruleanWarbler CXXXXXXXXXXXXXXXXXXXXXX)_XXXXX
BlackburnianWarbler XXXXXXXXXXXXXXXXXXXX_XXXXXXXXX

Chestnut-sidedWarbler {XXXXXXXXXXXXXXXXXXXXXX_,XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXX
Pine Warbler {XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXX ,
PalmWarbler I XXXXXXXXXX_XXXXXXXXX
Ovenbird <XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXX×XXXX

NorthernWaterthrush {XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXX×X
LouisianaWaterthrush (XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXX
ConnecticutWarbler ,' XXXXXXXXXXXXXXXXXXXX_XXXXXXXXXX
MourningWarbler XXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)_XXXXXXXXXX
CommonYellowthroat (XXXXXXXXXXXXXXXXXXXXXX_XXXKXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXX
Yellow-breastedChat (XXXXXXXXXXXXXXXXXXXXXX_XXXX
CanadaWarbler XXRXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXRXXXXXXXXX_

AmericanRedstart (XXXXXXXXXXXXXXXXXXXXXXRXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXX
OrchardOriole (XXXXXXXXXXXXXXXXXXXXXXRXXXXXXXX
NorthernOriole <XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX_
Brown-headedCo_bird KXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXp(XXXXXXXX_
Brewer'sBlackbird _XXXXXXXXXXXXXXXXXXXXXX)_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX_
CommonGrackle KXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXX
ScarletTanager XXXXXXXXXXXXXXXXXXXXXXRXXXKXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXX
Cardinal XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXX
Rose-breastedGrosbeak XXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XX×XXXXXX_
PurpleFinch XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_XX×XXXXXX)
PineSiskin _ XXX)XXXXXXXXXX
Red Crossb111 I XXXXXXXXXXXXXXX)XXXXXXXXX)
White-wingedCrossbill ×XXXXXXXXXXXXXXIXXXXXXXXX_
Rufous-sidedTowhee IXXXXXXXXXXXXXXXXXXXXXXRXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)XXXXXXXXX_

XXXXXXXXXXXXXXXXXX)XXXXXXXXX)
Dark-eyedJunco
White-throatedSparrow XXXXX_XXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXX:XXXXXXXXXXXXX:XXXXXXXXX
Fox Sparrow , ,
SongSparrow IXXXXXXXXXXXXXXXXXXXXXXRXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX.XX×XXXXXX

I

--i/Distributionsof foresttypestaken fromCurtis(1959);distributionsof birds taken from
Grom_e (1963).
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rangesintomixed forestfrom the north or
south.

The key to the maintenanceof this high
bird speciesdiversityis the spatialcom-
plexityof the forest. Both the verticaland
horizontalcomplexityof the vegetationare _ cAI
knownto affectbird speciesdiversity _.2o _o
(MacArthurand MacArthur1961),and it seems
likelythat horizontalcomplexityis rela- _ ,o •
tivelymore importantthan verticalcomplex- _ Lw _w A, B_

ity in promotingdiversityin the mixed for- _ Bt
ests. As we mentionedin our discussionof _ •
the physiognomyof the forest,one important _ •Ov
characteristicof the forest is its patchi-
ness. Hardwoodsand conifersrarelyform a ecE

truelyhomogeneousmixture. Rather,the dis- _o
persionof tree-typesis contagiousor clum- _ " _ " 4_ ' 6o ' _o ' _o
ped: both coniferousand deciduoustrees
tendto be found in discretepatchesor _OFRANGENORTHOFBARABOO
groves. This dispersionpatternallows Figure3.--Therelationshipbetweenthe gee-
birdsthatare primarilyadaptedfor conif- graphicdistributionof a speciesand the
erous vegetationto selectpatchesof coni- typeof vegetationwithinits territory
fers in which to establishbreedingterri- in the BarabooHills of centralWisconsin.
tories,whereasthose birds thatare pri- The percentof range northof Baraboowas
marilyadaptedfor livingon deciduousvege- measuredalong the 9Othmeridean. Habi-
tationcan selectpatchescontainingpredom- tat affinitywas calculatedas N-S/N+S,
inantlydeciduoustrees in whichto estab- whereN is habitatsimilaritywith Curtis'
lishterritories. (1959)-northernWisconsinforesttypesand

S is the similaritywith southernWiscon-
To demonstratethisselectionby birds _in foresttypes. Similaritieswere col-

of oatchesof vegetationthat are eithermore culatedas 'coefficientsof community"
northerlyor southernlyin theiraffinities, (Gleason1920)using imoorzancevalues
we analyzedthe vegetationwithinthe terri- for treespecies. LW=LouisianaWater-
toriesof severalwarblerspeciesbreeding thrush,WE-Worm-eatingWarbler,BL:Blue-
in the mixed forestsof the BarabooHills of wingedWarbler,CE=CeruleanWarbler,BW=
Wisconsin. Figure3 shows the strongcor- Black-and-WhiteWarbler,0V=0venbird,BB=
relationbetweenthe northernaffinityof the BlackburnianWarbler,MG=MagnoliaWarbler,
vegetationwithina bird'sterritoryand the CA=CanadaWarbler,AH=availablehabitat.
percenzageof that particularspeciesrange
(ona north-southbasis)that liesto the

northof the site. Clearly,the bird specles speciesdiversities,theyare not very unusual
thathave the mostnortherlygeographicdis- in terms of the densitiesof birds thatthey
tributionsare selectingfor theirterritor- support. Fromour own WOrK ariaoublishedac-
ies those patchesof forest that includethe counts,we have assembledsomerepresentative
most northerlytypesof vegetation. The breedingbirdpopulationdensitiesfor various
converseis truefor southermbirdspecies, types of mixed forestin the north centraland

northeasternU.S. (Table4). These data sug-
It seems thatmost birds of the mixed gest thatmost mixed-foreststandscan be

forestsare not respondingto the mixed for- expectedto supportbird densitieson _ne or-
estsas a singletypeof vegetation. Rather der of 150-300territbrialbirds _er 100 acres
theyare respondingto the mixed forestas (4Oha)duringthe breedingseason. These fig-
a mosaicof vegetationpatcheswitheither ures are not very differentfrom bird popula-
northerlyor southerlyaffinities. This tiom densitiesreportedfor either boreal
may be one of the mostimportantecological coniferousforestsor northernhardwoo_for-
characteristicsof the birds that breed in ests.
mixed forests,and as we sha|lmentionlater,
it is perhapsthemost importantcharacter- Bird populationdensitiesare knownto
isticwith relevanceto forestmanagement, be affectedby the Productivityof the habi-

tat that the birdsare occupying. It seems
reasonable,therefore,to expectthat some, if

Bird PopulationDensitiesIn Hardwood- not most, of the inter-standvariabilityin
ConiferousForests birdpopulationdensitiesin mixed forestscan

be accountedfor by differencesin productiv-
Althoughmixed hardwood-coniferousfor- ity. In particular,for the majorityof for-

ests are somewhatuniquefor their _igh bird est birds,which are primarilyinsectivorous
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Table 4.--Population densities of breeding birds in various stands of mixed hardwood-coniferous
forest in north central or northeastern United States.

Sources of Data_/

Species I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A. Percent composition of vegetation in study area_/

White cedar + 0 0 0 + 0 O 0 O 0 0
Hemlock 4 0 0 + 0 O 20 + 20 6 + 74 +
Pine 69 0 0 O 0 20 60 + 7 0 O

Spruce-fir 0 + 73 90 ++ 34 53 0 0 0 0 0
Total coniferous 73 73 90 41 53 20 80 27 6 74

Maple-beech 0 I _ 24 20 _ 20 56 ++ 23
Yellow )irch 0 9 - 23 7 + 10
Aspen-white birch 22 + 27 0 0 0 5 0
Total deciduous 27 27 i0 + 59 47 80 20 73 94 26

B. Bird population densities (pairs/40ha) _/

Mourning move 3 T 0 0 0 0 0 0 I 0 0 0 0 0 0 0
Yellow-billed Cuckoo 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Black-billed Cuckoo 0 0 0 0 0 0 0 0 0 0 l 0 0 0 0
Turkey Vulture 0 0 0 0 0 0 0 0 + 0 0 + 0 0 O 0
Goshawk 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0
Coopers Hawk 0 0 0 0 0 0 0 0 + 0 _ 0 0 0 0 0
Sharp-shinned Hawk 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Red-tailed Hawk 0 0 0 0 0 0 0 0 0 0 T 0 0 0 0
Red-shoul dered Hawk 0 0 0 0 • 0 0 + T 0 0 + 0 0 0 0
Broad-winged Hawk 0 0 0 O 0 0 0 0 0 0 0 0 0 0 1
Peregrine Falcon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Merlin 0 0 0 + 0 0 0 0 0 0 0 0 0 0 O 0
Ruffed Grouse 0 1 0 0 0 6 0 + I 3 2 0
Great-horned Owl 0 0 0 0 0 0 0 0 0 + 0 0 _ 0 _ 0
Long-eared 0wl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Barred 0w! 0 0 0 0 0 0 0 0 2 0 ] 2 0 i 0 ]
Saw-whet Owl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0
Common Nighthawk 0 + 0 0 0 0 0 0 0 0 0 0 0 0 O 0
Whip-poor-will 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0
Chimney Swift 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ruby-throated Hummingbird 0 3 0 0 0 0 0 I 0 + 4 0 0 0 0
Common Flicker 3 2 0 O 0 0 0 3 0 0 + 0 0 2

Pileated Woodpecker 0 0 0 0 0 + 2 + + • • + 1
Red-bellied Woodpecker 0 0 0 0 O 0 O 0 4 0 0 O 1 0 0
Red-headed Woodpecker 0 0 0 0 0 0 O 0 1 0 0 0 0 O
Yellow-bellied Sapsucker 3 0 6 O O 3 3 0 0 2 0 0 0 0 0 O
Hairy Woodpecker 3 ] 0 O + I 3 2 3 1 4 2 _ 3 3
Downy Woodpecker 1 + 0 0 0 O 0 0 6 2 0 2 O 5 0 2
Eastern Kingbird 0 0 0 O 0 0 O 0 O 0 0 O O 0 0 0

Great-crested Flycatcher 3 2 0 0 0 0 O 0 6 I 1 + 3 3 1 0
Eastern Phoebe 0 0 O 0 0 0 0 0 3 0 0 6 0 2 0 O
Yellow-bellied Flycatcher 0 0 0 12 0 0 O 0 0 0 0 O 0 0 0 0
Acadian Flycatcher 0 0 0 0 0 0 O 0 8 0 0 36 O 5 0 0
Least Flycatcher 0 0 O 4 0 0 0 0 0 0 6 36 0 0 0 0
Eastern Pewee 3 16 0 0 0 0 6 0 14 6 14 16 1 10 0 0
Olive-sided Flycatcher 0 0 0 + O 0 0 0 0 2 0 O O 0 0 0
Tree Swallow 0 0 O O O O 0 0 O 0 0 0 0 O 0 0

BlueJay 3 2 3 O • + 3 3 11 2 I 4 2 1 2 0

141



Table 4.--Contiaued,

Sourcesof Data_/

Species I 2 3 4 5 6 7 8 g 10 11 12 13 14 15 16

Gray Jay O 0 O 0 0 0 0 O O O D 0 0 0 0 +
CommonRaven O 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0
CommonCrow 0 + 0 + 0 0 O C) + 0 I O 0 0 0 0
Black-CappedChickadee 5 8 6 2 4 6 9 2 6 6 3 8 3 5 9 14
Carolina C_ickadee O 0 O 0 O 0 0 O 0 0 O 0 0 0 0
BorealChickadee O O 0 5 0 0 + 0 0 0 0 O 0 0 0 O
TuftedTitmouse 0 0 O O 0 0 0 0 0 0 0 + 0 9 O O
White-breastedNuthatch 0 0 O 0 O O 0 0 6 1 2 6 2 5 5 O
Red-breastedNuthatch I I 0 4 13 3 0 7 O I O O 0 O O 10
Brown Creeper O 0 O O O 0 0 7 0 I 0 0 O O D 7
_ouse Wren 0 0 0 0 0 0 0 0 O O 0 C) 0 0 C) 0
WinterWren 13 0 0 4 O 0 0 3 1 I 1 O 0 0 0 5
CarolinaWren 0 0 O 0 O 0 0 0 0 O 0 O 0 + C_ 0
GrayCatbird 0 0 g 0 0 0 0 0 4 0 0 0 O 0 (_
Brown Thrasher 0 2 O 0 0 0 0 0 0 0 0 O 0 0 O O
American Robin 7 12 3 16 8 3 1 3 6 0 i 2 0 1 0 O
WoodThrush 0 I) 0 0 O 3 7 O 2 10 0 22 1 O
Hermit Thrush 0 8 6 + 8 0 I 3 0 10 0 0 5 0 6 5
Swainson's Thrush 0 0 O 21 4 i 14 13 O 0 0 0 0 0 0 3
Veery 0 + 9 0 + 18 0 7 8 5 B 6 4 0 5 0
Blue-gray Gnatcatcher 0 0 0 0 0 0 0 0 8 0 C} 16 0 0 0 0
Golden-crownedKinglet O 0 7 Q 33 0 0 32 0 0 I 0 0 0 0 2
Ruby-crowned_<inglet O 0 0 3 0 0 0 O 0 0 ] O 0 g 0 +
Cedar Waxwing 0 4 0 0 0 0 O 0 I 0 1 0 O 0 0
Starling O 0 O 0 0 0 0 O 0 0 0 0 I) 0 0 0
SolitaryVireo 3 0 0 2 [7 0 3 26 0 _ 0 0 0 O i 2
White-eyedVireo C_ 0 0 0 0 0 0 O 0 0 0 0 0 O 0 0
Yellow-throatedVireo C] 0 0 O 0 0 0 0 2 0 [ 6 0 3 0 0
Red-eyedVireo 3 1 17 14 O 20 54 10 14 10 32 36 25 14 1 17
PhiladelphiaVireo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WarblingVireo 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0
Black& White Warbler 13 0 8 + D 17 0 0 2 B 1 0 3 0 2 5
Worm-eatingWarble_ 0 0 0 0 0 0 0 0 1 0 0 ._ 0 0 O O
Golden-wingeoWarbler 0 0 0 0 0 0 0 O 0 B 0 0 0 O O 0
B1ue-wingedWarbler O (} O 0 0 0 0 0 2 0 0 0 O 0 0 0
TennesseeWarbler 0 0 O 0 0 O 0 0 0 0 C] 0 0 (] 0
NashvilleWarbler 10 0 6 19 {] 9 O O 0 C] 0 0 0 0 O 3
Northern P,arulaWarbler 7 O 0 4 + 0 26 3 0 C] 0 0 0 0 O 5
Yellowwarbler 0 0 O 0 O 0 O 0 O 0 O O 0 O 0 0
Magnolia Warbler 0 0 17 32 42 31 10 45 0 4 0 8 2 0 25 B
CoDe May Warbler 0 0 O a 0 0 0 0 0 0 0 0 0 0 O 0
Vellow-rumDedWarbler 3 �626 0 6 + 0 0 2 0 0 0 0 0 17
Black-throatedGreenWarbler 3 16 0 0 21 6 23 31 O 13 8 0 .9 _ 32 28
Black-throatedBlue Warbler 5 0 0 0 21 3 29 16 O 6 2 O 6 O 9 0
CeruleanWarbler 0 0 0 0 0 0 O 0 0 _ 0 3 0 0
BlackburnianWarbler 0 (] 8 2 67 15 30 55 4 18 6 2 6 0 14 102
Chestnut-sidedWarbler O O + 0 0 {'4 + .0 O O O O 0 O 0 0
Bay-breastedLVarbler O 0 0 g5 O O 0 0 0 0 0 O 0 O 0 1
BlackpellWarbler {3 0 0 O 0 0 0 0 0 O 0 0 0 0 g 0
PineWarbler O 4 0 0 0 0 0 O O O 0 O 0 C] 0 0
PrairieWarbler 0 0 0 0 0 0 0 0 0 0 (] O 0 O 0 0
PalmWarbler O 0 0 0 0 0 O D 0 O 0 O 0 D 0 0
Ovenbird 10 20 25 2 0 33 23 3 I 9 19 14 28 28 32 2
NorthernWaterthrush O 0 0 12 0 0 0 O 0 0 0 0 D 0 0 0
LoulsianaWaterthrush O 0 0 0 0 O O 0 8 O O 6 0 4 0 0
Co.on Yel1owthroat O 0 0 0 0 6 0 _) 0 0 0 0 0 0 O 0
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Table 4.--Continued.

Sources of Data_/

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Yellow-breasted Chat 0 0 0 0 0 0 0 O 0 0 0 0 0 O 0 0

Mourning Warbler 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Connecticut Warbler 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hooded Warbler 0 0 0 0 0 0 0 0 0 0 0 0 O 20 0 0
Wilson's Warbler 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Canada Warbler 3 0 14 0 0 23 0 16 6 7 0 8 4 0 10 0
American Redstart 0 0 + 4 0 18 3 O 0 6 37 0 0 17 0 0
Com_1onGrackle 0 0 + 0 0 0 0 0 + 0 0 0 0 0 0 0
Brown-headed Cowbird + + 0 0 0 0 0 0 9 0 + 16 0 2 0 0
Northern Oriole 2 0 0 0 0 0 0 0 5 0 0 + 0 0 0 0

Scarlet Tanager 10 0 0 0 4 3 3 7 15 3 3 20 3 9 5 0
Cardinal 0 0 0 0 0 0 0 0 3 0 0 8 0 5 0 0
Rose-breasted Grosbeak 0 0 8 + 0 3 17 0 O 18 0 3 0 0

Evening Grosbeak 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0
Indigo _nting 0 0 0 0 0 0 0 0 3 0 0 0 0 O 0 0
Purple Finch 3 + + 7 8 3 + 3 0 0 i 0 0 0 0 3
Pine Grosbeak 0 0 0 4 0 0 0 0 0 0 O 0 0 0 0 0

Common RedpolI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pine Siskin 0 0 0 0 0 O. 0 0 0 0 0 0 0 0 0 0
American Goldfinch 0 0 0 0 + 0 0 0 2 0 0 6 0 0 0 0
Red Crossbill 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

White-winged Crossbill 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0
Vesper Sparrow 0 + 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rufous-sided Towhee 0 4 0 0 4 0 0 0 0 0 0 0 0 I 0 O

Dark-eyed Junco 3 4 + 9 33 0 0 21 0 10 0 0 0 0 0 13
Tree Sparrow 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Chipping Sparrow 0 4 O 0 0 0 O 0 i 0 0 0 0 0 0 2
Field Sparrow O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
White-throated Sparrow 10 0 15 14 0 8 0 0 0 8 0 0 0 0 0 9
Song Sparrow 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O

Total 139 112 159 318 295 258 241 325 207 158 155 310 111 215 165 274

1-/Sourcesof Data: Kendeigh, 1948 (1, 2, ll); Kendeigh, 1946 (13, 15); Martin, 1960 (3, 6, 16);
Stewart and Aldrich, 1952 (4); Stewart and Aldrich, 1949 (5, 8); Mossman, unpubl. (9, 12);
Smith, 1944 (10); Williams, 1947 (14); Cope and Hensley; 1951 (7).

2/Tree composition is recorded,wher available, as eercent of total number of trees. �indicates
presence, ++ dominance and 0 absence.

_/+ indicates presence, 0 absence, _nd numbers density of males or eairs.
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during the breeding season, the abundance of
forest insects can he an important factor in

30

determining local bird population densities. %
It is well known for example, that bird pop-
ulations show dramatic numerical responses

to localized outbreaks of forest insects _ _ _o
that temporarily increase the productivity
of a stand IBuckner and Turnock lg65). Can- _ _ '
versely, stands with low productivity of for- _ _

est insects can be expected to have reduced _ _ _ •
bird population densities. _ ,

to

Relative Abundance of Bird Species p _ i , , , I I I I _ _ T I
I 2 _ 4 5 6 T 8 _ I0 1J 12 13 14 I_

The internal compositian of the bird _A_KI_ABUNDANCE
communities of mixed hardwood-coniferous

forests can be analyzed in terms of the re-

lative abundances of the various species Figure 4.--The relative abundances of the fif-
that are members of the communtiy. In Table teen most abundant bird species in various
4, we have presented for various types of stands of mixed hardwood-coniferous forest.
mixed forests the pepulation densities of Data are taken from the same sources cited
each bird species 9resent. Comparision in Table 4.
of these figures reveals that there is de-
finitely a consistent group of species
which can be considered dominant in most interpreted our ordination results in terms of
mixed forests. These include: the even- several characteristics of the vegetation with-
bird, red-eyed vireo, black-throated green in bird territories that are relevent to ques-
warbler, _lackburnian warbler, black- tiers of forest management. These include:
throa_ed blue warbler, veery_ and white- relative abundance of pines, relative abun-
threated sparrow. Each species is present dance of hemlocks, relative abundance of spruce-
at densities that are conspicuously higher fir, relative abundance of sugar maple, rela-
than those of other species, and together rive abundance of aspen, average basal area of
these species usually comprise 20-40 per- trees, density of trees, relative density of
cent of the total number of individuals in _nderstory. In Table 5, I_ have summarized
[ne community, some of our ordination results _ _erms of _hese

vegetation characteristics.
If _e rank seeuentially the relative

abundances of the 15 most abundant bird
specles in earn of several _ypes of mixed Seasomality _n Mixed Forest Bird Communities
forests, a general pattern emerges (Figure
4). Basica11)_ t_ere are very few really So far we have restrictmd our discussion
co_ou species, a relatively small number to the breeding bird communities of zne mixed
of moderately abundant species, and a large hardwood-coniferous forests. It is lmuorcanc
number of fairly uneo_on s_ecies withi_ to recognize, however, that _ne high bird
the mixe_ hardwood-coniferous _orests, a species diversity and relatively high density
_a_sern which _s commom _o many, if not mos_, of birds that characterize toe mixed forests
forest bird communities, during the summe_ months do no_ prevai" through-

out the year, The contrast between toe s_m_r
_ird communities a,d the winter bird com_uni-

Habitat Affinities of Mixe_ Forest Birds _es is striking. A comparison of the diversity
a_d density of birds _n t_o similar stands of

Several researchers have attempted to mixed forests in n0r_hern Wisconsin, one T"
describe the snecific habitat preferences of summer an_ the other in winter illustrates this.
birds in mixed forests (Kendeigh 1946, 1948; In June we detected an average of 39 species of
_artin, 1960; Stewart and Aldrich. 1949, birds per nour of censusin_ and an average
19521. Baals (1960) _sed an oroination densit_ of 252 _n_ividuals per 100 acres <40
technique to reveal toe vegetation cnarac- ha). in contrast, during our December cen-
teristics to w_ich birds are responding. We suses we detected an average of 5 soecies her
have also _sed ordinaz_ons but have followed hour of censusing anC aF average density of I6
the technique described by _ames (1971) individuals per lad acres (40 ha).
which is based on the vegetation surrounding
the singing aerches used by _erritoria] From selected Christmas Bird Coumt records
•ales and presumably, is a reflection of the ane our own experience, we can list the soecies
vegetation in the bird's territory. We have of forest birds that regularly occur i_ the
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Table 5.--An interpretationof habitatordinationresultsfrombreedingbird communitiesof
mixed forestson the ApostleIslands,Wisconsin.

Alterationsof Vegetation Birdspeciesthat are likely
withina stand to becomemore abundant

I. Increasingabundanceof pine Sharp-shinnedhawk, red-breastednuthatch,her-
mit thrush,redstart,blackburnianwarbler,
Nashvillewarbler,pinewarbler

2. Increasingabundanceof hemlock pileatedwoodpecker,yellow-belliedsapsucker,
yellow-belliedflycatcher

3. Increasingabundanceof spruceor fir cedar waxwing,yellow-belliedflycatcher,
swainson'sthrush,redstart,parulawarbler,
blackburnianwarbler

4. Increasingabundanceof yellowbirchand black-billedcuckoo,downywoodpecker,wood-
sugarmaple pewee,leastflycatcher,crow, browncreeper,

veery,robin,warblingvireo,red-eyedvireo,
Connecticutwarbler,chestnut-sidedwarbler,
black-throatedgreen warbler,blackand white
warbler,Tennesseewarbler,indigobunting,
rufous-sidedtowhee,rose-breastedgrosbeak

5. Increasingabundanceof aspen yellow-shaftedflicker,hairywoodpecker,house
wren, veery,yellowth_oat,mourningwarbler,
chestnut-sidedwarbler,song sparrow,white-
throatedsparrow

6. Increasingaveragebasal areaof trees pileatedwoodpecker,solitaryvireo

7. Increasingdensityof treesper unitarea scarlettanager,ovenbird

8. Increasingdensityof understory veery_ black-throatedbluewarbler,Canada
warbler

mixedforestsof Wisconsinduringwinter; importantto summarizebrieflythe changesin
these include: goshawk,great_ornedowl, the compositionof the bird communityas a
barredowl, ruffedgrouse,downywoodpecker, stand progressesthroughsuccessionalstages
hairywoodpecker,pileatedwoodpecker,blue- of vegetation. Table 6 summarizesthe bird
jay, grayjay, commonraven,black-capped communitiesassociatedwithearly,middle,
chickadee,red-breastednuthatch,white- and late seralstagesleadingto a beech-
breastednuthatch,brown creeper,evening maple-hemlockforest in New York State. Bird
grosbeak,cardinal,and purplefinch. All speciesdiversityincreasesprogressively
thesespeciesare severelylimitedby the throughthesesuccessionalstageswhereas
restrictedsupplyof foodavailablein the bird densitiestend to decreaseslightly. In
mixed forestduringthe winter. Many of the his analysisof BreedingBird Surveysconduc-
species,particularlythe woodpeckers,chick- ted by the U.S. Fish and WildlifeService_
adees,nuthatches,and creepers,are insec- Peterson(1975)foundthat in the ecological
tivoreusand forageby probingin bark or regionsdominatedby mi×ed hardwood-conifer-
dead wood. For these species,the presence ous forestsobserversdetectedmore species
in the forestof snags,deadlimbs,and old of birds in total than in any other ecologi-
mature trees is essential, caI regionof the U.S. Withinthe region

characterizedby "Spruce-hardwoodforest"
observerssaw an averageof I_.2 speciesper

SuccessionalChangesin BirdCommunities year for the period1968-1973. The next
highestsoecieslist was recordedin the

Althoughour ma_n concernis with the "uppercoastalplain"where an averageof
bird communitiesof relativelymature stands 169.8 specieswas observedeach year. AI-
of mixed hardwood-coniferousforests, it is thoughthe maturemixed Forestssupporta

high speciesdiversity,many of the birds
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Table 6.--Bird species associated with seral stages leadin 9 to a mature beech-maple-hemlock
forest on the ilelderberg Plateau of central New York state (after Kendeigh 1946).

Seral Stage _/

Bird Species Early > Middle ) Late-- ---> Mature

CommonYellowthroat +
Song Sparrow +
Field Sparrow +
Chestnut-sided Warbler +
Rufous-sided Towhee +

Gray Catbird +
Alder Flycatcher +
Swamp SparrowRed-winged Blackbird +

Indigo Bunting +
Brown Thrasher +
Yellow-breasted Chat +
Golden-winged Warbler +
American Robin +
American Redstart +
Nashville Warbler +
American Goldfinch +
Cedar Waxwing +
House Wren +
Woodcock +
Northern Oriole +
Common Flicker +

Eastern Kingbird +
Chipping Sparrow +
Ruby-throated Hummingbird +
Black-billed CUCKOO +
Purole Finch +
Mourning Dove +
Eastern Phoebe +
Eastern Bluebird
Rose-breasted Grosbeak +
Downy Woodpecker
Red-eyed Vireo
Veery
Canada WarblerOvenbird * *

Magnolia WarblerBlack-and-White Warbler + t

Black-capped Chickadee +
Black-throated Green Warbler
Blackburnian Warbler +
Black-throated Blue Warbler
Hermit ThrushWhite-breasted Nuthatch .

Scarlet TanagerHairy Woodoecker

Ruffed Grouse
Wood Thrush +

Solitary Vireo
Pileated Woodpecker
Crested Flycatcher
Great Horned Owl +
Sharp-shinned Hawk

_/Early:scattered briars, herbs, and low shrubs; middle-mature shrubs and small trees; late =
scattered stands of tall trees and shrubs; mature:well-develc_ed forest dominated by
beech, maple, and hemlock.
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that account for the extremely high total
species ]ist are birds of early successional of birds within the regions that are
stages. These early serif stages are, there- dominated by mixed forests.
fore, important in contributing to the overall
bird species diversity in the regions domin-
ated by mixed Forests. These ecological characteristics of the

mixed forest bird communities must be recon-
ciled with potential silviculture options in

FORESTNANAGEHENTAND BIRD COMMUNITIES order to develop a set of management proced-
ures that will sustain the entire complement

We have already sunmlarized briefly the of bird species in the biume and favor high
impact that man has had on the mixed hardwood- bird species diversity.
coniferous forests of the north central and
northeastern U.S. Our intent now is to outline
in a general way the types of forestry Potential Silviculture Options For Mixed Forests
practices that wou_d promote what we feel is
the single most significant ecological trait There are few specific management guide-
of the mixed forests bird communities: their lines available for mixed forests because in
high species diversity. First, we will list almost all cases the silviculturalist is in-
the important characteristics of the bird terested in either hardwoods or conifers, not
communities that relate to high species di- a mixture of types. Tubbs (1977) provides a
versity: recent set of recommendations for the manage-

ment of northern hardwoods and he includes
(i) most forest birds respond to brief descriptions of mixed stands in his dis-

the mixed Forest as a mosaic cussion. Nonetheless, it seems most useful
of patches which are either to discuss management options from the view-
dominated by conifers or hard- point of northern hardwood silviculture.
woods. Few birds are actually
selecting habitats that are a We will consider the following options for
homogeneous blend of conifers _naging northern hardwoods: even-age manage-
and deciduous trees, ment, uneven-age management and preservation.

(2) most of the breeding birds Although the effects that each of these man-
are insectivorous and depend agement options would have on bird communities
on a well-stratified forest in mixed forests are as yet undemonstrated, we
with good vertical diversity can make reasonable predictions on the basis
in order to segregate their of our knowledge of what these practices wil_
feeding niches, do to the vegetation and our knowledge of what

(3) most breeding birds are in- bird communities require. Although only a few
sectivorous and depend on specific studies of the impact of silviculture
rich and varied insect popu- have been carried out, the recent results of
lations in order to maintain _ebb eta]. (1977) should serve to emphasize
high population densities, the potential that silviculture has for alter-

ing bird communities.
(4) there are a few co_mom or

moderately common bird species

that are dominant in the Even-Aged Management
mixed forests, but the high

species diversity is, in Even-aged management can be used to re-
large part, the result of the generate shade tolerant or intolerant species,
many relatively uncommon species and has the advantage over uneven-aged manage-
occurring in the mixed forests, ment of increased efficiency (Tubbs, 1977).

(5) from habitat ordinations, we can Shelterwood and clear-cutting, the two methods
predict which bird species will of even-aged management most widely used,
be favored or adversely affected allow succession to proceed in some modified
by specific habitat alterations, way with infrequent interventions into the

(6) bird species diversity in mixed forest for thinning or harvesting. Clear-
forests is high only during the cutting is generally used where the ultimate
sunmler;during the winter the goal is reproduction of intolerant trees for
species diversity is extremely pulpwood on a 50-70 year rotation, while the
low, and the species present ultimate goal of shelterwood managemenz is
have readily identifiable and the reproduction of more valuable, shade tel-
fairly similar requirements of erant hardwoods on a cycle of 100-120 years
the mixed forest. (Tubbs 1977).

(7) maintaining a mosaic of seral

stages promotes an overall diversity We can identify some of the general effects
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thateven-agedmanagementhas on mixed forest stagesand favor the bird species
vegetation,and from theseinferhow bird thatpreferthis typeof habitat.
communitiesare likelyto respond. Shelter- Even-agedmanagementwill probably
woodmanagementencourageshorizontaldiver- favorthe more commonmembers of
sityof vegetationwithina standand will the birdcommunity,but may elim-
tendto favora patchydistributionof tree inatesomeof the lesscommon species
species. This is particularlytrue if in- thatcontributeto high diversity.
termediatecuts favormoderatelyintolerant,

as well as tolerantspecies,and a patchy Withinthe acceptedguidelinesfor even-
distributionof conifersand hardwoods, agedmanagementof mixed foreststhere are sev-
Clear-cuttingfor pulpwoodgenerallyfavors eralpossibilitiesfor minormodificationsthat
monotypicstandswitha low horizontaldi- would be beneficialto the mixedforest bird
versityof vegetation,and the prescribed communities.We offer theseas suggestions,
rotationsof 50-70years do not allowmuch but it shouldbe realizedthat these are mostly
diversityto developdue to naturaldis- unproventechniques:
turbances. Bothmethodsof even-agedmanage-

ment reducethe verticaldiversityof vege- (1) afterclear-cuttingor a shelterwood
tationwithina standby favoringsingle cut,an area is usuallyallowedto
age-classesof trees,reducingthe diversity regeneratenaturallythroughsuccess-
of tree species,and openingthe canopy, ionalstages. The plantingof small
The openingof the canopy,in turn, tends to (3 ha) patchesof conifers,narticu-
increasethe develoDmentof the understory, larlyhemlocksand red or white Dines,
Traditionally,the intermediatecuts reduce withirthe stand soonafter cutting
the densityof deadand diseasedtrees, sould insurethat coniferpatches

willdevelop. Thiswould increase

In termsof the importantecological the horizontaldiversityof vegetation
characteristicsof the mixed forestbird in the stand,and wouldalso increase
communities,_e can say thateven-aged verticaldiversityof vegetationsince
managementnas one followingbenefitsand conifersnavea differentvertical
disadvantagesfor pro1_otinghigh bird profilethan hardwoods.
spelcesdiversity. (2) when intermediatecuts are made to

improvethe qualityof harvestable
(I) Dy promotinghorizontaldiversity trees,severalotherobjectives

in the forestvegetationshelter- couIc simultaneouslybe achieved.
woodmanagementcan enhancebird These includeallowingpatchesof
sneciesdiversity,particularly conifersto persistwithinthe nard-
if intermediatecutscan be made woods,preservingall snagsor diseased
in SUCh a way as to encouragea treesthat are not directlythreatening
patchydistributuionof tree valuablespecies,and creatingsnags
species, by girdlingspeciesthatare to De

(2)by reducingverticaldiversity eliminatedanywayanm leavingtnem
in the forestvegetation,even- standing.
agedmanagementwill tend _o re- (3) withinthe constraintsof silvicultural
duce the Foragingopportunities practicesand economics,rotations
available_o birdsand, hence, shouldDe as long as possiblein clear-
_illreduceboth the diversity cut management,and cuttingcycles
and densityof birdswithin shouldbe as long as possiblein shelter-
specificpatchesof vegetation, woodmanagement.

(3) by reducingthe densityof deador
diseasedtreeswithina stand,

even-agedmanagementcan reduce Uneven-AgedManagement
the productivityof insectsin

one forestand the availability Uneven-agedmanagementresultsin a dill-
of nestingcavities. Thishas erentset of modificationsof the mixed forest
a particularlyimportantimpact vegetation.Althoughcurrenttrendslean to-
on the winterbird community wardseven-agedmanagement,most of the manage-
which includesmostly birdspecies ment that has takenplace in the past -n mixed
which mrobe in bark or _modto forestshas beenuneven-agedsilviculture(Tubbs.
extractinsects. 1977).

(4) from our understandingof the
habitatrequirementsof individ- Under an uneven-agedmanagement_rogram,
ual bird species,we can predict individualtreeswithinthe standare selected
someof the specificeffecL of for harvestor cullingon the basisQf
even-agedmanagement. Clear- species,age, diameter,and form. Maximum
cuttingwillcreateearly seral treesize in a standdependsuponwhether



management is for pole lumber or saw logs. tions for modifying current uneven-age manage-
The periodic removal of highly desirable trees ment procedures in such a way that bird com-
from the forest results in several changes in munities will benefit; these include:

forest vegetation that can have an impact
upon bird communities. Uneven-aged management (1) increasing horizontal diversity

favors shade tolerant species which can re- within a stand by either planting
produce under the canopy. The development small patches (about 3ha) of con-
of shade tolerant seedlings and saplings a- ifers or allowing patches of con-
long with the growth of shrubs in canopy ifers to develop and persist.
openings created by selective cuts, creates (2) simulating gap phase replacement
a forest which is vertically diverse. This by periodically opening up small
vertical diversity is enhanced where the patches and allowing them to pass
maximum tree size is large, and is reduced through normal succession
where it is small. The elimination of intol- (3) allowing snags to persist, as was
erant trees reduces the horizontal diversity suggested under even-aged manage-
of the forest. As in uneven-aged management, mont.
diseased, poorly formed and uneconomical (4) cutting trees only of the largest
trees are culled. Conifers cannot be main- size class that is economically
tained in a stand by uneven-aged management, feasible, thus maximizing vertical

diversity of the stand.
We can make some predictions about the

impact that uneven-aged management would
have on bird communities in the mixed hard- Preservation
wood-coniferous forests, but again there has
been almost no research that would clearly Preservation as a management practice is
prove these predictions valid. The follow- less well defined than the two options pre-
ing, however, seem to be the likely outcomes: viously discussed. It may range from a com-

pletely "hands-off" policy, to active manage-
(1) by enhancing vertical diversity ment for maximum esthetic and recreational

in the forest vegetation, uneven- benefits. For this discussion we take pre-
aged management will favor high servation to mean minimal intervention with
densities of a few species of management for esthetics, scientific research
birds, and/or wilderness recreation. If enough land

(2) by reducing horizontal diversity, were managed by preservation (i,e., thousands
uneven-aged management will tend of hectares), this would result in mixed
to depress the overall species di- forest vegetation similar to the presettlement
versity within the stand, forests in which succession and disturbance

(3) by reducing the density of snags created a mosaic of vegetation types with
and overmature trees, uneven-aged high horizontal and vertical diversity. On
management reduces the availabil- smaller management units the results of
ity of insects for certain birds, preservaiton will be less predictable, Small
particularly those that overwinter areas are likely to be maintained as a single
in the forest, seral stage by succession or catastrophic

(4) by maintaining the forest in a disturbances, such as ice and wind storms
serai stage close to the climax, or fire.
uneven-aged management reduces

the overall bird species diversity Management by preservation nas the fol-
of a region by eliminating the lowing benefits and disadvantages for promo-
early seral-stage habitats that ting high bird species diversity:
some birds require. However, this

may provide habitat for bird species (1) tracts of land which are sufficiently
of the forest interior which may not large can offer horizontal and
find suitable habitat in younger vertical diversity of vegetation
stands, gnat supports a diverse avlan com-

(5) when compared with even-aged manage- munity.
memt, uneven-aged management re- (2) smaller areas of land will have a
sults in more frequent disturbance more uniform vegetation type which
of the forest for harvesting, but may be suddenly changed by catastro-
the disturbance is not as severe ohic disturbances, Their contribu-

as in even-aged management, Vari- tien to an area's bird diversity will
ous bird species may respond in depend entirely upon whether they
different ways to the frequency supply a unieue habitat
and severity of disturbance.

Recommendations for managing these areas
We can again offer some unproven sugges- for birds follow directly from these and in-

clude:
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(1) large tracts of wildlands should Ordination of Plant Communities. Univ-
be managed so as to allew natural ersity of Wisconsin Press. Madison.
succession and disturbance to 657pp.
occur and, thus, create diverse
habitats for birds. 195_. The modification of mid-latitude grass-

(2) if managing for the diversity of lands and forests by man. in W. L. Thomas
bird species is the principle (ed.) Man's Role in Changing the Face of the
goal, it is inappropriate to man- Earth. Univ. of Chicago Press. 1193pp.
age small areas of mixed forest Emlen, J. T.
by preservation. If small tracts 1971, Population densities of birds derived
of land are not to be economically from transect counts. Auk 88(2):323-341.
exploited, they would best be man-
aged for a forest type which is 1977. Estimating breeding bird population
unavailable in the area. densities from transect counts. Auk 94

(3):455-468.
Our management recommendations are specif- Perry, C. and B. Frochot.

ically aimed at increasing the vertical and 1970. L'avifaune nidificatrice d'une foret
horizontal diversity of forests which are man- de chenes pedoncules en borrirgogne etude
aged for lumber, pulpwood and other uses, de duex successions ecologiques. La Terre
thereby simulating the mosaic pattern of vege- et la Vie 24:153-250.
bation characteristic of the primeval forest. Gleason, H.
As we currently understand the dynamics of 1920. Some applications of the quadrat method.
bird communities, this strategy will held sus- Bull. Torrey Bob. Club 47:21-33.
taim the full comalement of the bird species Graham, S.
of the hardwood-coniferous forest ana maintain 1941. Climax forests of the UDDer Peninsula
the region's high specles diveristy, of Michiaan. Ecology 22:355-362.

Gromme, O.
1973. Birds of Wisconsin. Univ. Wisconsin
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APPENDIX I

Common and scientific names of bird species mentioned in the text

Turkey Vulture (Cathartes aura) Wood Thrush (Hylocichla mustelina)

Goshawk (Accipiter gentilis) Hermit Thrush (Catharus guttata)

Cooper's Hawk (A. cooperii) Swainson's Thrush (c. ustulata)

Sharp-shinned Hawk (m. striatus) Gray-cheeked Thrush <c, minima)
Red-tailed Hawk (Buteo jamaicensis ) Veery (c. fuscescens)

Red-shouldered Hawk (B. lineatus) Eastern Bluebird (Sialia sialis)
Broad-winged Hawk (B. platypterus ) Blue-gray Gnatcatcher (Polioptila caerulea )

Peregrine Falcon (Falco peregrinus) Golden -crowned Kinglet (Regulus satrapa)

Merlin (E. columbarius) Ruby-crowned Kinglet (a. calendula)

Spruce Grouse (Canachites canadensis) Cedar Waxwing (Bombycilla cedorum)

Ruffed Grouse (Bonasa umbellus) Starling (Sturnus vulgaris)

American Woodcock (Philohelaminor) Solitary Vireo (Vireo solitarius)

Mourning Dove (Zenaida macroura) White-eyed Vireo (v. griseus)

Yellow-billed Cuckoo (Coccgzus americanus) Bell's Vireo (v. belii)
Black-billed Cuckoo (c. erythropthalmus) Yellow-throated Vireo (V. flavifrons)

Great Horned Owl (Bubo virginianus) , Red-eyed Vireo (V. olivaceus)

Long-eared Owl (Asio otus) Philadelphia Vireo (V. philadelphicus)

Barred Owl (Strix varia) Warbling Vireo (v. gilrus)

Saw-whet Owl (negolius acadicus) Black-and-white Warbler (Mniotilta varia)

Common Nighthawk (Chordeilesminor) Prothonotary Warbler (Protonotaria citrea)

Whip-poor-will (Caprimulgus vociferus) Worm-eating Warbler (Selmitheros vermivorus)

Chimney Swift (Chaetura pelagica) Golden-winged Warbler (Vermivora chrysoptera)

Ruby-throated Hummingbird (archilochus colubris) Blue-winged Warbler (v. pinus)

Belted Kingfisher (Megaceryle alcgon ) Tennessee Warbler (v. peregrina)
Common Flicker (Colaptes auratus) Nashville Warbler (v, ruficapilla)

Pileated Woodpecker (Dryocopus pileatus) Northern Parula Warbler (Parula americana)

Red-bellied Woodpecker (Melanerpes carolinus) Yellow Warbler (Dendroica petechia)

Red-headed Woodpecker (M. erythrocephalus) Magnolia Warbler (m. magnolia)

Yellow-bellied Sapsucker (Sphyrapicus varius) Cape May Warbler (D, tigrina)

Hairy Woodpecker (P. pubescens) Vellow-rumped Warbler (D. coronata )
Downy Woodpecker (p. villosus) Black-throated Green Warbler (D. virens)

Black-backed 3-toed Woodpecker (P. arcticus) Black-throated Blue Warbler (D, caerulescens)

Northern 3-toed Woodpecker (P. tridactglus) Cerulean Warbler (D. cerulea)
Eastern Kingbird (Tyrannus _yrannus) Blackburnian Warbler (D. fusca)

Great Crested Flycatcher (Mgiarchus crinitus) Chestnut-sided Warbler (D. pensylvanica)

Eastern Phoebe (Sagornis phoebe) Bay-Dreasted Warbler (D. castanea)
Acadian Flycatcher (Empidonax virescens) Blackooll Warbler (D. striata)

Yellow_bellied Flycatcher (E. flaviventris) Pine Warbler (m. pinus)

Alder Flycatcher rE. trailli) Prairie Warbler (D. discolor)

Least Flycatcher (E. mlnimus) Palm Warbler (D. palmorum)

Eastern Pewee (Contopus virens) Ovenbird (Seiurus aurocapillus)

Olive-sided Flycatcher (Nuttalornis borealis) Northern Waterthrush (s. noveboracensis)

Tree Swallow (Iridoprocne bicolor) Louisiana Waterthrush (s. motacilla)

Blue Jay (Cyanocitta cristata) Common Yellowthroat (Geothlypis trichas)

Gray Jay (Perisoreus canadensis) Yel]ow-breasted Chat (Icterla virens)

Common Raven (Corvus corax) Mourning Warbler (Oporornis philadelphia)

Common Crow (c. brachyrhynchus) Connecticut Warbler (o. agilis)

Black-capped Chickadee (Parus atricapillus) Hooded Warbler (Wilsonia citina)

Carolina Chickadee (P. carolinensis) WiIson's Warbler (Wilsonia pusilla)

Boreal Chickadee (p. hudsonicus) Canada Warbler (w. canadensis)

Tufted Titmouse (P. bicolor) American Redstart (Setophaga ruticilla)

White-breasted Nuthatch (Sitta carolinensis) Red-winoed Blackbird (Agelaius phoeniceus)
Red-breasted Nuthatch (s. canadensis) Bre_r's Blackbird (Euphagus cyanocephalus)
Brown Creeoer (Certhia familiaris) Common Grackle (Quiscalus quiscala)

House Wren (Troglodytes aedon) Brown-headed Cowbird (Molothrus ater)

Winter Wren (f. troglodytes) Orchard Oriole (Icterus spurius)
Bewick's Wren (Thryomanes bewickii ) Northern Oriole (I. galbula)

Carolina Wren (Thryothorus ludovicianus) Searlet Tanager (Piranga olivacea)

Mockingbird (Mimus polyglottus) Northern Cardinal (Cardinalis cardinalis)

Gray Catbird (Dumetella carolinensis) Rose-breasted Grosbeak (Pheuticus ludovicianus)

Brown Thrasher (Toxostoma rufum) Evening Grosbeak [Hesperiphona vespertina)

Americam Robin (Turdus migratorius) Indigo Bunting (Passerina cyanea)

Purple Finch (Carpodacus purpureus)



APPENDIX I (continued)

Pine Grosbeak (Pinicola enucleator) Dark-eyed Junco (Junco hyemalis)

Common Redpoll (Carduelis flammea) Tree Sparrow (spizella arborea)
Pine Sisk_D (c. pinus) Chipping Sparrow (s. passerina)
American Goldfinch (c. tristis) Field Sparrow (s. pusilla)

Red Crossbill (coxia curvirostra) White-throated Sparrow (zonotrichia albicollis)
White-winged Crossbill (L. leucoptera) FOX Sparrow (Passerella _l._aca)
Vesper Sparrow (Pooecetes gramineus) Swamp Sparrow (Melospiza georgiana)
Rufous-sided Towhee (pipilo erythropthalmus) Son_ Sparrow (M. melodia)


