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Abstract.--Composition and density of bird populations
in upland spruce-fir stands are influenced by the admixture

of hardwood with softwoods, the vertical and horizontal

structure of the stand, and the extent of spruce budworm
infestation of the stand. Silvicultural practices modify

all three factors and influence bird populations.

INTRODUCTION forests, and these practices will have a meas-

urable impact on bird populations.
Upland spruce-fir forest types in north-

eastern and north-central United States and This paper discusses the effects of sil-
Maritime and southern Canada are largely com- vicultural practices on nongame birds in up-

mercial forests, supporting major wood-using land spruce-fir forests.
industries. In the United States, most of

this forest land is privately owned; in Can- The major tree species of the upland
ada, there is more public ovrnership. How- spruce-fir type are balsam fir (Abi_8

ever, in both cases, forest cutting is a major baIscenea), white spruce (P_eea glauaa), and
factor that modifies bird habitat structure red spruce (P. _bens). Red spruce is limited

and influences bird populations, to eastern portions of the continent, hut white
spruce is found westward across the continent

These commercial woodlands provide the and balsam fir beyond midcontinent. The

economic base for several stanes and provinces, transcontinental belt of spruce and fir aver-
Yet the management of these fo_rests is not in- ages shout 300 miles wide (Westveld 1953).

tensive compared co that in other parts of Red spruce and balsam fir also grow southward
the continent. Woodland owners and harvesters in the higher elevations _f the Appalachian
had enough wood _o cue to meet yesterday's Mountains. In West Virginia, balsam fir

needs. However, the situation is beginning possibly intergrades with Fraser fir (A.

co change. I_aS_r_) (Straushaugh and Core 1964).

The demand for wood products continues Spruce and fir along the northern border
to increase. In the past. industry had the of their transcontinental belt are often found

western old-growth forests and the "wood in almost pure stands. Intolerant hardwoods

hasket" of the South to absorb this demand, such as the birches (Betula spp.) and aspens
Substantial inroads have been made on the old (Populus spp,) increase toward the central

growth snd the wood basket is non ss deep or latitudinal portion of this belt. Along the
productive as once thought. These factors southern border, midtolerant and tolerant

plus zompetltion among the major wood-pro- hardwoods such as beech (Fagu8 grandifolia)

ducing companies will bring intensive forest- and maples (Acer spp.) compete with spruce and
ry to the northern and northeastern coniferous fir for favorable sites.

Although hardwoods are naturally more
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are single-storied with sparse undergrowth.

More fertile soils permit more hardwood

growth and increased canopy layering. In the
morP continental c]imatP to the west, hard-

woods are better competitors for limited soil
moisture, and moisture stress increases the

mixture of hardwoods in spruce-fir stands

(Westveld 1953). (2)(1)BALSAMFIRSALSAMFiR ,/.aS_. /.54 /.50

BREEDING BIRD CO_IUNITIES (3) SPRUCEBuDWORMFIREpIDEMIC_7/_ / /
The composition and density of bird com- (4) SPRUCE-FIR #//BUOWORMEPIDEMIC

munities throughout the upland spruce-fit (5) MATURESPRUCE .61
forest are affected by three habitat features:

the degree of hardwood admixture with soft- {6) VIRGINSPRUCE
woods_ the vertical and horizontal stand (7)MA'rUR_SPRUCE
structure, and the degree of spruce budworm (9)FRASENFIR-
(6_toristonevra fu_niferana Clem.) infestation SPRUCE
in the stands. These features can vary con- (8) MATURESPRUCE

siderably from forest stand to forest stand. (10)YOUNGSPRUCE 77
We also recognize there can be fluctuations

in density of bird populations from year to (11)YOUNGSPRUCE

year caused by factors such as winter mor- (16)MIXEDGROWTH _'--'_"_'_'_'63

tality, migration losses, etc. (14)MIXEDGROWTH

The first two features depend on such (15)MIXEDGROWTH
factors as geographic iueation, microclimate, 12)SPRUCE-FIR
site characteristics, and forest management. BUDWORMENDEMIC ,62

Spruce hudworm infestations appear to be cy- (13)SPRUCEFIR
clic in nature and are affected by weather and BUOWORMENDEMiC

the amount, age, and distribution of balsam
fir in the stand.

Figure l.--Cluster diagram of forest plots
To describe thP relationship between bird based on bird species composition.

populations and _orest habitats we analyzed Similarity indices are shown at con-

census dmta from 16 forest stands representing necting points.
different conditions in upland conifers
(Table i). Cluster analysis was used Eo ex-

press the degree of association or similarity 1973) was charac[erized by dense, [_mna_ure

between the bird populations of the 16 s_ands growth of balsam _ir (9 [o 12 m tall) and
We _laced each of the 16 bird censuses into small numbers of mature fir, spruce, aspen,

one of six groups based on the similarity of and birch scattered throughout (up _o 25 m

their bird species composition (Fig. i, Table tall).
2):

Balsam fir stands (censuses i and 2) The balsam fir stands supported an im-

Mature spruce stands (censuses 5,6,7,8, and 9) poverished _vifauna with an average of only
Mixed growth stands (censuses 14,15, and 16) 128 pairs/40 ha and 20 bird species. The four
Spruce-fit sEands with budworm (censuses 3 dominane bird species were the Swainson's

and 4) thrush (Catharu8 _tulata) and magnolia

Spruce-fir stands without budworm (censuses (Dendroica magno_ia), black-throated green

12 and 13) (D. viren8), and bay-breasted (D. casvanea)
Young spruce stands (censuses i0 and ii) warblers. The Swainson's thrush and magnolia

warbler were associated with the immature
halsam fir.

Balsam Fir Stands

Qualitatively, the two balsam fir stands
In the two balsam fir stands, this spee- were similar in bird species composition to

ies dominated the overstory crees. The stand the budworm infested spruce-fir stands (Table

located near Lake Winnipegosls, Manitoba 2). The presence of Tennessee [Vermivora

(grskine 1972), was characterized by a two- peregrina) and bay-breasted warblers, species
tier overstory with a dominant canopy (ahou_ closely associated with spruce budworm, was

17 m tall) of fir and paper birch and a sub- probably a result of spruce budworm populations.
canopy (about 9.5 m tall) of fir, birch, and
quaking aspen (P. tren?ulo_8). The stand
located in west-central Saskatchewan (Erskine
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Table L--Summary of bird censuses used in analyses of bird communities in

upland conifers

Census No. of Pr/
Forest type Location Source

no. species 40 ha

i Balsam fir forest Manitoba 20 112 Erskine (1972)
2 Balsam fir forest Saskatchewan 19 145 Erskine (1973)

3 Spruce-fir forest Ontario 36 319 Kendeigh (1947)
budworm epidemic

4 Spruce-flr forest Maine 31 350 Stewart and
budworm epidemic Aldrich (1952)

5 Mature 2nd-growth New Hampshire 21 235 Titterington

spruce (Unpubl. data)
6 Virgin spruce West Virginia 28 325 Stewart and

forest Aldrich (1949)

7 Mature 2nd-growth West Virginia 23 295 Stewart and
spruce Aldrich (1949)

8 Mature red spruce Vermont 20 217 Nichols (1968)
forest

9 Mature Fraser West Virginia 23 247 Hutton ___ all.

fir-spruce (1968)

10 Young spruce West Virginia 19 278 Stewart and
Aldrich (1949)

ii Young spruce West Virginia 15 220 Sigel et al.
(1968)

12 Spruce-fir forest Ontario 24 249 Martin (1960)
budworm endemic

13 Spruce-fir forest Ontario 28 131 Sanders (1970)
budworm endemic

14 Spruce-fir-aspen- Ontario 22 159 Martin (1960)
birch, mixed growth

15 Spruce-fir-hardwood, Ontario 27 258 Martin (1960)
mixed growth

16 Balsam fir-birch Minnesota 23 276 Nlemi (1972)

forest, mixed growth

Mature Spruce-Fir with Epidemle Spruce-Fir with Endemic

Spruce Budworm Populations Spruce Budworm Populations

Dominant spruce and fir with overmature Balsam fir predominated in these stands

and dying Erees, a midstory of balsam fir, and and white and black (P. _ana) spruce also
an open shrub understory botanieally charae- were significant in the overstory. The over-

terized these stands (Kendeigh 1947, Stewart story had a clumped distribution with several

and Aldrich 1952). The characteristic blol- shrub species occupying the openings. Sanders
ogical features were an ongoing spruce budworm (1970) found intolerant hardwoods in the over-

infestation and high densities of breeding story but Martin [1960) did not. Average
birds (Morris _ al. 1958). The budworm areas heights of overstory trees were about l0 and

supported 1.75 times as many pairs/40 ha as 15 m in ganders' and Martin's areas, respee=-
similar stands with endemic budworm populations ively.
(334 palrs/40 ha compared to 190 {40 ha). Three

warbler species, the Tennessee, Cape May (D. The magnolia warbler was the dominant

tig_r_) and bay-breasted, were abundant in the species; yellow-rumped warblers (D. corolla)

budworm areas but absent from non-budworm areas and golden-crowned kinglets (Regulus 8atr_pa)
(Table 21. These three species show strong were abundant in the overscory canopy. White-
positive numerical responses to spruce budworm throated sparrows (Zonot_chia albicoZis) and

outbreaks (Morris et el. 1958). chestnut-sided warblers (D. pensbgvanica),

both common species, were found in the shrubby
openings.



Table 2.--Density of bird populations, by species and forest type (in pairs per 40 ha: o = absent;
+ = <5; * = 5 to 10; ** = ii to 25; *** = >25)

Species Balsam Mature Mixed Budworm Non-budworm Young spruce
fir spruce growth spruce-fir spruce-flr 15-30 ft tall

Yellow-bellied sapsucker o o * + + o

Black-capped chickadee o + * + + *
Boreal chickadee + + o * + +

Red-breasted nuthatch + * + * + *

Brown creeper o + o + o o
Winter wren * + + + + **

American robin o + + + + **

Wood thrush o + + o o o

Hermit thrush o * + + + +
Swainson's thrush ** * + ** + **

Veery o + * + o +
Golden-crowned kinglet o _ _ _ ** *

Solitary vireo + *_ o _ o o

Red-eyed vireo + + *** * - o
Black-and-whlte warbler o o ** o _ o

Tennessee warbler _ o o *_ o o

Nashville warbler o o o

M_gnolia warbler ** *** ** *_* _** ***
Black-throated blue warbler o ** + + o o

CspeMmy warbler o o o *** o o
Yellow-rumped warbler . , + _* ** o

Black-throated green warbler ** *_ * + o
Blackburnian warbler + *** ** **

Chestnut-sided warbler o o * o **

Bay-breasted warbler ** o o *_* o o

Ovenbird + _ .,. * * o
Canada warbler * ** t o o

Purple finch o * + _

Dark-eyed junco o *_ o e ***
White-throated sparrow . . . ** *** o

pairs/40 ha 128 264 231 334 190 249

species 20 23 Z4 34 26 17

Mature Spruce These stands supported almost as many
birds as the 5udworm-infested stands. The most

The ma_ure spruce stands were second growth abundant birds were the canopy gleaners--black-

e_cept for one virgin sta.d with s considerable hurnian warbler (D. fusca) and golden-crowned
tolerant hardwood component. The virgin stand klnglet in the uppez canopy; solitary vireo

(Stewart and Aldrich 1949) was essentially one- (Vireo soZi#_), magnolia, black-throated

storied with a sparse scattering of under- 51ue (D. cae_uZ_seens) and black-throated

story trees and shrubs. Second-growth stands green warblers in £he mid- to lower canopy;
were mature and contained large trees, dense and dark-eyed junco (Junco hyemali_) on the

closed canopies, and scattered openings with open forest floor. The mature spruce stands

shrubs and saplings. The canopy of one stand supported more than twice as many birds as the

(Hutton e_ el. 1968) was nearly 50 percent balsam fir stands, an average of 264 pairs/40
Fraser fir and 35 percent red spruce. Can- ha compared _o 128 for balssm fir. Several

orles in the other stands were 60 to 90 per- factors may account for this substantial dif-
cent red spruce (Stewart and Aldrich 1949, ference. Spruce are long lived, commonly grow

Nichols 1968, Titterington unpubl, data). The taller (USDA 1965), and develop grea_er canopy

Fraser fir stand grouped with mature spruce depth than balsam fir Spruce express domln-
because the fir were unusually large trees--up ance and provide more heterogeneous horizontal
to 48 cm dbh. Few balsam fir reach this size and vertical stand structure than is found in

and tree size seems to be a determinant in fir stands, We believe spruce stands with more

bird populations, foliage and llmb area than fir stands support
greater populations of endemic insects that are
valuable as food for foliage-gleaning birds.
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