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ABSTRACT
7 -
3

Avian community structure, habitat occupancy levels, and species
habitat use patterns were examined in thejwoody habitats of interior
Alaska taiga. Forest habitats, especial]y coniferous forests, wereﬁ
depauperate during the breeding season compared to temperate forests of
more southern gortions of the boreal forest of North America, but té]] .
shrub thickets were comparatively rich; relative densities were reversed
for permanent resident species. Avian differences among habitats were
correlated with differences in primary productivity and structural
complexity of the vegetation. The;amount of annual variation in numbers
of individuals of a species during the bregding season was inversely
correlated with its overall abuﬁaance.

Most bird species exhibited distinct habitat préferences during the
breeding séason, and a simple bivariate ordination, using canopy thickness
and distance between trees (or density of stems in the medium and tall
shrub layers), served to separate the habitats of species groups and of
species within groups. Some birds §g]ected habitats different from
those used elsewhere in Ndrth Ameriéa, e.g., Hammond‘s_F1ycatcher,
Hermit Thrush, and Yellow-rumped Warbler were‘primari]y birds of the

deciduous forests in interior Alaska.

Key Words: Alaska, taiga, avian community, habitat selection, avian

populations.
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INTRODUCTION
¢
Avian community structure, habitat occupancy levels, and species

habitat usé patterns were studied in taiga habitats of the upper Tanana

* River Valley, east-central Alaska, during the summers of 1975 and 1977.
Few quantitative data have been available onrthe use by birds of taiga
habitats in northwestern North America. Populations and energetics in
two up]énd taiga communities of mixed vegetation types heaf ﬁairbanks
‘were examined by West and Deloife (1974); population density and diversity
and avian habitat selection in fiv? Towland taiga mosaic vegetation
types near Fairbanks were studied by Spindler (1976); and spécies compo-
sition, abundanée, and some structural componénts of bird populations in
eight vegetation communiiies in the Kluane National Park, southwest
Yukon Territory, were studied by Theberge (1976). In a more comprehensive
vork, Erskine (1977) summarized available data and discussed the density,
diversity, and distribution of avian populations throughout much of the
boreal forest region of Canada, but his study sites came north only to
the Fort Nelson lowlands in northeastern British Columbia (58°49'N,

-4

122°39'W), over 1000 km southeast of ourastudy area.
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STUDY AREA

-The upber Tanana FEiver Valley region jnc]udes the lTowlands of the

—wide valley floors of the Chisana, Nabesna, and upper Tanana rivers

(elev. 485-525 m) and the adjacent uplands of the Tanana-Yukon Highlands
(elev. > 525 m). The region is within the northern zone of the taiga
(Viereck 1975) and supports a*varietx of widely distributed vegetation
types. The uplands contain all stadges of forest succession, from sapling

stands to mature forests of Quaking Aspen (Populus tremuloides)*, Balsam

*plant nomenclature follows Hultén (1968), with the exception of the
genus Salix, which follows Viereck and Little (1972). English names of

birds follow the American Ornithologists' Union's Check-Tist of North

American Birds and supplements (1957, 1973, 1976).

Poplar (P. balsamifera), Paper Birch (Betula papyrifera), White Spruce

(Picea glauca), and B ack Spruce (Picea mariana). Extensive pure stands

of Quaking Aspen and Black Spruce are common; the other trees also occur

in pure stands, but forests of mixed composition are more frequent. -
Poorly drained upland valley bottoms often contain extensive bogs and

shrub thickets (mostly willow and alder) in addition to forests, woodlands,
and dwarf forests. The lowlands are a mosaic of wetlands (rivers,

lakes, ponds, and marshes), meadows, and bogs in addition to shrub
thickets, woodlands, and forests in various stages of succession. The

complex patterns of vegetation types in the taiga arise from such inter-




.Spindler and Kessel - 3

related factors as fire, permafrost, alluviation, soil type, slope,
aspect, and water relations (Viereck 1970, 1973, 1975).

?Approximate1y 42% cf the total area of the upper Tanana River

Valley region is coverec by Coniferous and Mixed Deciduous-Coniferous

forests, 35% by shrublands, 15% by Scattered Woodlands and Dwarf Forests,
and 6% by Deciduous Forests (percentages, according to avian habitats
[see below], derived from-data, in Hutchinson 1967 and Hegg and Dippold
1973). : »v

The main research olots for this study were between Tetlin Junction
(63°19'N, 142°36'W) and the airport at Northway (62°58'N, 141°56'W).

Supplemental data have been added from several lowland taiga plots near

Fairbanks, 360 km down the Tanana River Valley.
METHODS

Census plots were selected in each of the six major woody habitats
present in the upper Tanana River Valley. Habitats were classified
according to Kessel (1379), except that the three lower Height shrub '
layers (< 2.4 m), whicn rarely occurred in homogeneous stands large
enough to census quantitatively, were combined into a single habitat of
Low and Medium Shrub Thickets. | -

Within each of the major habitats, we censused birds and sampled
vegetation and physical features in several plots in prevalent vegetétion
typeé typical and representative of that major habitat. Large homogeneous

stands able to encompzss a 10-hectare census plot were difficult %o
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locate, but at least one such plot was established in each major habitat.
In addition, a number of smaller "miniplots" (1.6-5.8 ha) were established
to fncrease sample size and the variet§ of vegetation types that could

be sampled, even though we recognized that small census plotéigre generally

—

undesirable because of edge effect and high variability (Oé1ke 1966,
Erskine 1977).

Four 10-ha plots and 15 miniplots were studied in the Tetlin
Junction—Northway area in 1977, and,gata from three 10-ha plots and two
miniplots near Fairbanks, obtained in 1975 by Spindler (1976), have been

incorporated where applicable.

Bird Censusing

vwe used a modificatipn of fhe territory mapping censws method
(Internaticnal Bird Census Committee 1970). Each 10-ha census plot was
subdivided by a 7x7 grid, resulting in forty-nine 0.2-ha subplots;
miniplots consisted of seven to ten 0.2-ha subplots. 1In all, 331 subplots
were censused in 1977, and some data have been used from 196 subplots
censused in 1975.

During a cénsus, the observer étopped at the center of each subplot
for 2-7 minutes, depending upon avian activity, and recorded all birds
seen or heard. For birds seen, activity, height of bird, and plant
species used were also recorded. Each census of a 10-ha plot took
approximately 4 hours, usually between 0300-0800 (Alaska Standard Time),
which is generally within the time of greatest singing activity. Eight

censuses were completed on each 10-ha plot between 29 May and 9 July
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including more detailed sampling of ground cover, understory, and shrub
vegetation. Fifty-one variables were measured at each sample point.

“In using-the point-centered quarter method, all measurements were

based on selection of the nearest stem 325.4 mm in diameter. TRhis stem

——_———

sample was used to calculate species relative importance values and for
values of height, diameter, basal area, and height distribution of
foliage volume and stem density. Percent ground cover for each of six
categories--grass, forb, moss and 11§Een, dwarf shrub, forest litter,
and water--was estimated visually inside a 1 m radius circle around the
sample point, and ground cover species were recorded and analyzed for
frequency of occurrence. Evidence of fire and edge were quantified as a
0-1 index; aspect was measured with a compass. Slope and stem height
were measured with an Abney level. Canopy thicknesélwas the distance
between the top of the stem and its lowest 1ive branch. Brush density
was measured as the number of stems intercepted by a 1 m radius circle 1
m above ground. Percent canopy cover was estimated as the amount of sky
obscured by foliage as viewed from 1 m above ground through a 100 mm
diameter circle. Stand ages were determined by increment borer sémp]és
from at least seven of the largest stems on each plot. _

On the Northway plots measured stems of varying heights were clas-
sified into three height intervals, corresponding to layers characteristic
of interior Alaska habitats--1.2-2.4 m (medium shrub), 2.5-4.9 m (tall
shrub), and > 5.0 m (tree). Foliage volume vas quantified with a 5.0 m-
tall stick marked according to the three height classes; an imaginary

cylinder 1 m in radius was circumscribed around the stick, and the
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percent of total volume occupied by foliage within each of the three
height classes comprising the cylinder was visually estimated. -
— Relative importance values were calculated as the-sum of relative

frequency, relative density, and reJative'dominance of the sﬁeEies in

=’fthe stand (Curtis and McIntosh 1951) divided by three.

Analytical Techniques B

The avian communities in the mpﬁor habitats were compared relative
to species composition, species richness, breeding density, breeding
biomass, . existence energy, ————- > dominance index, and species
abundance distribution (density-dominance structure). For comparability
with other studies, we ca]culated a species diversity index, H' (Shahnon
and Weaver 1949, Pielou 1975). Since breeding species diversity was
highly correlated with the number of species (R2 = 0.61, n =23, p <
0.001), a phenomenon also reported by Tramer (1969) and Austin and
Tomoff (1978), we chose to base our diversity analyses solely on the
number of species (SQEEiEE_EiEbE?§§)’ a less complex measure. Dominance
index was defined as the percent of total density comprised py the two
most abundant species {McNaughton 1967, Wiens and Dyer 1975).

Breeding biomass for each species was calculated as the product of
breeding density and me=an weight. Species weights used were the mean
weight for all adult specimens in the University of Alaska Museum that
had been collected in Alaska during the breeding season. When the

museum sample was too small, or variability too high, we consulted

published literature (Carbyn 1971, West and DeWolfe 1974) for valdes
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- F determined from northern populations. On plots with large-bodied breeding
h birds (e.g., cranes, waterfowl, grouse, or raptors), we.apportioned thé
biomass according to estimated territory or "home rangeV sizes obtained
from local field observations and the 1itefature, to prevent artificially
-7hgh biomass extrapolations arising from small plot data. In several
instances, the territory of a pair of heavy-bodied birds centered on a
plot (Spruce Grouse in plot CF3 and Great Horned Owl on plot DF5) and
even with apportionment skewed the gp%a] biomass disproportionately;
these birds were eliminated entirely from the biomass calculations.
Breeding biomass for each species, expressed as grams of bregding birds
per 10 ha, was used to calculate existence energy. Existence energy
(sometimes referred to as metabolic density or consuming biomass) is an
approximation of daily energy réquirements. For each species in each
major habitat, we calculated existence energy (M) as M =D - w°'75,
where "D" was density in breeding birds per 10 ha and where "W" was the
average weight, determined as explained above. This method of estimating
the daily energy expenditure in kilocalories (kcal) for the maintenance
of bird biomass admittedly is rough, but it is adequate for comparisons
of general community patterns (Karr 1968). Calculations made by raising
bird weight to a fractional exponent produce a better index of energy
flow than breeding biomass alone by accounting for the lower metabodic
-rates of large-bodied birds (Sait 1957, Karr 1968, Kendeigh 1970).
Similarities of species composition among the 23 plots were compared
with-a cluster analysis (Biomedical Computer Program BMDPIM [Dfxon and
Brown 1979]), using a matrix of similarity coefficients which reflected

i

the proportion of species shared by pairs of plots (Sgrenson 1948).
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Bird species that occurred on ten or more subplots were examined
for patterns of habitat use. In statistical analyses of avian habitat

use,—we emphésized the description of the habitats used'by a species,

=rather than the ranking of the predictive va]ﬁe of particular variables.

Univariate one-way analysis of variance (Steel and Torrie 1960) was used
to determiﬁe which habitat variables‘differed significantly between
groupé of subplots where a species ocsurred (species-present habitats)
and where it did not occur (speciesabsent habitats) (Anderson and
Shugart 1974). For the purposes of habitat description, univariate
analysis of variance (ANOVA) provided more descriptivebinformation than
did multivariate stepwise regressi;n (REGRN) and stepwise discriminant
analysis (DFA). ANOVA independently evaluates all variables, usually
identifying several significant habitat characteristics which may or may
not be intercorrelated. The mu]tivarfate techniques select sequentially
the single best predictive variable, but discard other descriptive
variables that are highly correlated with any already selected in the
mode]. The univariate F-ratio from ANOVA is by definition proportioned
to the corre]atipﬁ of a variable and its discriminant fuﬁction in a
multivariate ANOVA if two groups are involved (Anderson and Shugart
1974). Hence, the size of the univariate F-ratio may be used as a
general indicator of the relative importance of a variable in distin-
guishing between species-present and species-absent groups.

Of the original 51 habitat variables measured, 15 were not used’in
stat%stica] analyses because they (1) were redundant, (2) could be

X
consolidated into fewer categories, (3) were not continuous or ordinal,




AN

/
-

i

J |

~Spind1er and Kessel - 10

or (4) showed'excessive]y skewed or kurtotic distributions. The remaining
36 variables were included in a one-way ANOVA to compare the species-

L d

preéznt and species-absent habitats for each of 26 bird species. A
=.;_:cotal of 936 separafe analyses of variance were performed u;iﬁé-Biomedical
Computer Program BMDP7C (Dixon and Brown 1979). f‘ée-J.?

Stepwise multiple regressibn (Draper and Smith 1?66) was used to.
order habitat variables (independent variables) according to effectiveness
in predicting bird density on subp]eé; and predicting biomass and existence
energy on entire census plots (Statistical Analysis System [Service
1972] and Biomedical Computer Program BMDP2R [Dixon and Brown 1979]).
Stepwise discriminant function ané]ysis (Morrison 1976) in the form of a
multivariate ana]ysié of variance was used to identify the two or théee
significant variables that cou]é best separate the species=absent and
species-present groups and groups of bird species common to a habitat
type (Biomadical Computer Program BMDP7M [Dixon and Brown 1979]).

Principal components analysis (Morrfson 1976) was used to determine
the relative position of each species along environmental gradients.

Thié analysis is capable of reducing multivariate data fb a few dimen;ions
which "... are fhe linear combinations of the original variables that
successively account for the major independent patterns of variation in
the sample" (Bryant and Atchley 1975:3). Each of the dimensions, or
principal components, accounts for a unique and successively smaller
portion of the total variance within the data set. A data set of Zf
habitat variables, which were continuous and primarily structural habitat

characteristics of each subplot, was weighted according to the sd%p]ot's
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apparent favorability as a habitat for each species_(ife., the data set.
for each subplot was duplicated for each time an individual of the
species was seen on that subplot). THhis weighting fesu]ted in the
creation of a 4786-case data array for the 26 bird species. “This array
was subjected to a principal components analysis based on é correlation
matrix using the SPSS Factor program (without rotation) (Nie et al.
1975). The weighted array fgr each bird species was then scored against
(i.e., projected onto) the resu]tigg"first three principal componeﬁts to

determine the relative position of each species in the habitat space

defined by the three components.

HABITAT DESCRIPTIONS

Several bird census plots were established in vegetation types
representative of each of the six woody habitats present in the upper
Tanana River Va11ey. Values of the most diagnostic variéb]es_for theée
plots are given in.Table I. A déscr%ption of each habitat follows: .
Low and Medium Shrub Thickets (LMS) ' , -

Open or closed shrub stands of willow, alder, or dwarf birch (§g§glg
sp.) < 2.4 m in height comprise the Low and Medium Shrub Thickets habitat
(Fig. 1 and Table I). Usually extensive dwarf shrub, grass, sedge, or

wet-sedge ground cover are associated with these habitats. Most stich
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shrub habitats are relatively permanent habitats in whi;h the vegetation

is stunted by rigorous growing conditions (Drury 1956, Viereck 1975,

Calmes 1976). g |

Three of these shrub thickets were sahp]ed, two in lowland river

=’¥1ats and one (LMS2) in an upland valley bottom. A1l plots were flat
and poorly drained. Shrub growth consisted of 1-2 m-tall willows (Salix

planifelia, S. arbusculoides, S. glauca, S. novae-angliae, and S.

candida). Ground cover in two of thg plots (LMS2 and LMS3) was primarily

Eriophorum vaginatum tussocks, with dwarf shrubs growing between and on

top of the tussocks; dwarf shrub species included Betula nana, Vaccinium

vitis-idaea, V. uliginosum, Ledum palustre, Chamaedaphne calyculata, and

Salix myrtillifolia. Ground cover on plot LMS1 was wet-sedge meadow

(mostly Carex sp.), with some areas of dry site forbs, Equisetum sp.,

and Calamagrostis canadensis. All three plots had occasional stunted

tree or tall shrub species--white spruce, black spruce, paper birch,

thinleaf alder (Alnus incana)--up to 6 m tall.

Tall Shrub Thicket (TS) ‘ )

Open or closed shrub stands 2.5-4.9 m in height comprise the Tall
Shrub Thicket habitat (Fig. 2 and Table I). Most tall shrub habitats
are composed of willow and alder and occur in valley bottoms; however,
moist hillsides and timberline areas also have extensive tall shrub
stands.

" Sampled Tall Shrub Thickets included two types: Tlowland riparian

thickets (TS1 and TS4), probably maintained by frequent flooding and
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_angliae. The upland thickets had a,predomﬁnance of S. alaxensis, S.

: " Spindler and Kessel - 13

(e e
permafrost, and upland successional stages of the/W%ite,S%ruce fire sere

(1TS2 and Ts3). Dominant components of the lowland stands were thin]eaf

alder, Salix arbusculoides, S. planifoTia, S. bebbiana,. and S. novae-

L and

monticola, and balsam poplar, with interspersed S. bebbiana, S. arbusculoides,

and S. planifolia. Major ground cover species common to both types were

Calamagrostis canadensis .and }edum palustre. Comparatively, the lowland

. . . v . .
plots had more Equisetum silvaticum, Rubus arcticus, and Vaccinium

uliginosum, whereas the upland plots had more V. vitis-idaea, Epilobium

angustifolium, and Arctostaphylos uva-ursi.

e

Deciduous Forests (DF)

Deciduous Forests are closed stands of trees >5.0 m_high composed
of quaking aspen, balsam poplar, or paper birch (Fig. 3 and 4, Table I).
Most deciduous forests occur as successional stages on upland slopes
following fire or in well-drained floodplains. Aspen stands generally
occur on steep, south-facing xeric slopes, while paper birch stands
occur on more mesic slopes. Both may occur on adequately draineé sites
in the lowlands, such as on terraces or eskers. Balsam pop]gr occurs in
pure stands on well-drained floodplains and in mixed stands with aspen
in the uplands. _

Three aspen-dominated and two birch-dominated stands were sampled,
all seral stages following fire 60-100 years ago. Two of the éspen’

plots (DF1 and DF2) w=re in nearly mature, open, park-1ike stands, with

some poplar intermixed. The third plot (DF3) consisted of a much denser,
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younger, and smaller diameter pure aspen stand, with occasional Salix

bebbiana and S. scouleriana. A1l aspen plots had a characteristic

»

undeéStory of the fleshy fruit-producing shrubs Shepherdia canadensis,

=Viburnum edule, Vaccinium vitis-idaea, Rosa acicularis, and Afc%ostaphy]os

uva-ursi. Many of the fruits remained overwinter and were utilized by

birds the following summer.

The birch-dominated stands (DF4 and DF5) were both mature and had

mountain alder, Salix bebbiana, and-S. scouleriana as understory and
occasionally co-dominanz species. Ground cover was more luxuriant than

in aspen stands, including dense low shrub cover of Rosa acicularis,

Viburnum edule, and Ribes sp., and rank growth of Calamagrostis canadensis,

Equisetum silvaticum, and Mertensia paniculata. Birch stands lacked the

more prolific berry-prcducing species. —_—

Mixed Deciduous-Coniferous Forest (MF)

Mixed Deciduous-Coniferous Forest habitat is comprised of closed
stands of deciduous and coniferous trees >5.0 m tall, generally containing
mixtures of one or two deciduous tree species and eithef white sprucé or
black spruce (Fig. 5 and Table I). Generally, such mixtures represent
stages of succession in which spruce is replacing the deciduous tree
species (Viereck 1975). | -

A1l five mixed plots showed evidence of fires within the last 50-

130 years, but were each quite different in stand composition and structure.

Four of the plots were in upland habitats (MF1, MF2, MF3, and MF5), and
3
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one was in a lowland river basin (MF4). Plot MF1 was dominated by
quaking aspen and white spruce, with some balsam poplar. Plot MF3 was a

diverse mixtdre of white spruce, quakifg aspen, and paper birch, with a

thick understory of Salix bebbiana and mountain alder. P}ot MF2 was
dominated by paper birch and white spruce, with the understory of mountain:
alder characteristic of moist birch sites. Plot MF5 was a dense sapling
stand of paper birch with a fgw large white spruce. The lowland mixed
Plot MF4 was dominated by white spnyEe and black spruce, with scattered

paper birch, and supported a dense understory of willow (S. arbusculoides,

S. planifolia, and S. bebbiana) on the drier portions. A small creek
1ined with thinleaf alder flowed across the plot. Ground cover species

consistently present in all mixed habitats were Rosa acicularis, Mertensia

paniculata, Geocaulon lividum, Calamagrostis canadensis,_Linnaea borealis,

and Equisetum scirpoides. Other ground cover and understory character-

istics varied along a moisture gradient from the more xeric S-facing
steep plots (MF1 and MF3), to mesic E- or W-facing gentle hillsides (MF2

and MF5) and wet, valley-bottom sites (MF4). The drier sites had Shepherdia

canadensis and Zygadenus elegans, while more mesic sites included Viburnum

edule, Vaccinium vitis-idaea, V. uliginosum, and Ribes sp. Abundant_

moss cover with Ledum palustre and Rubus chamaemorus was specific to the

dampest sites.

Coniferous Forest (CF)
" Closed stands of conifers >5.0 m high, mostly white spruce and

black spruce (Fig. 6 and 7, Table I) but with occasional stands é&f
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Figure 6. Coniferous Forest, White Spruce-dominant
stand. Plot CF1, Upland White Spruce #1, Milepost
1299, Alaska Highway, September 1977. -

I i g, 051
R

Figure‘ 7. Coniferous Forest, Black Spruce-dominant
stand. Plot CF3, Upland Black Spruce, Milepost 1299
Alaska Highway, September 1977. ’

v
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tamarack (Larix laricina), comprise the Coniferous Forest habitat.

Understory shrubs are usually sparse, and moss frequently dominates the

»

ground cover. Yhite spruce occurs in pure stands on well-drained sites,

such as steep south-facing slopes and on sand and gravel in river flood-

o

plains. Black spruce may form relatively tall (to 12 m), dense stands
on moderately-drained sites in the lowlands and on N, NE, NW-facing
slopes in the uplands. Black spruce gradually rep]aces.white spruce in
river valleys through a bog-forming (paludification) process lasting
200-250 years (Drury 1956, Viereck 1970). Tamarack occurs in the lowlands,
most frequently on wet sites. White spruce forests occasionally form
majestic stands of 40 m tall, 1T m dbh trees, which, along with the b}ack
spruce bog-forests on poorer sites, are considered to be climax stages
of forest succession in interior Alaska. -

We sampled Coniferous Forests at.three upland sites (CF1, CF2, and
CF3) and one lowland site (CF4). Plot CF1 was an extensive, mature
white spruce stand growing on a steep south-facing slope. Occasional
black spruce trees occurred on the lower side, and scattered aspen trees
blended in on one upper corner. Plot CF2 was similar, é*cept the white
spruce were denSer and smaller, with occasional paper birch and mountain
alder in the understory. Plot CF3 was dominated by black spruce; with
widely scattered white spruce. Plot CF4 was similar to CF3, but with
the addition of tamarack in wetter portions. As with the Mixed Deciduous-
Coniferous Forests, ground cover and understory varied with moisture:

Linnaea borealis, Geocaulon lividum, Calamagrostis canadensis, and Rosa

, 3
acicularis were characteristic of the drier, white spruce habitats,
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while Rubus chamae-orus, Vaccinium uliginosum, Ledum palustre, Petasites
hyperboreus, and Szhagnum moss were prominent on the moister black

. >

spruce sites.
=Pgcattered tloodland and Dwarf Forest (WD) ‘

Open stands of stunted trees spaced so that most tree crowns do not
touch each other are the_maindcharacteristics of the Scattered Woodland
and Dwarf Forest habitat. Such habiﬁhts are termed "Dwarf Forest" if
the height of trees is <5.0 m and "Woodland" if >5.0m (Fig. 8 and 9,
Table I). This habitat is a "hybrid" habitat with both shrub thicket
and forest habitat characteristics, and as such, it is more variable and
generally more spatially heterogeneous than the'other forest habitats.

A sizable proportion of interjor Alaska woody hébitats fall into this
category, mainly because of extensive forest-tundra ecotone areas and
stunted tree bogs.

Three stands were sampled, a White Spruce-Birch Woodland and two
Black Spruce Bogs. The woodland (WD1) was dominated by widely-spaced
stunted white spruce and had occasional widely-spaced paper birches.
Both dwarf forests were stunted Black Spruce Bogs, one in the uplands_
(WD2) and one, which included occasional tamarack trees, in an alluvial
Towland (¥D3). Permafrost was evidently the primary factor involved in
the stuntedness of these stands. Ground cover was composed of either

extensive Sphagnum moss and/or Eriophorum vaginatum tussocks. Other’

species consistently present were Vaccinium vitis-idaea, V. uliginosum,

Ledum palustre, Eriophorum vaginatum, Chamaedaphne calyculata, and Rubus

e
T

chamaemorus.
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Figure 8. Scattered Woodland . and Dwarf Forest,
Plot WD1, Lowland White Spruce-Birch Woodland,

Northway Airport, August 1977.

Figure 9. Scattered Woodland and Dwarf Forest
Plot WD2, Upland Black Spruce Bog, ililepost 1285,
Alaska Highway, August 1977.
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COMMUNITY STRUCTURE AND HABITAT OCCUPANCY LEVELS

Ry
N2

B Species composition and habitat occupancy* levels differed marked]y
A .

N
-—

*H&bitat oécupancy is a general term referring to the level of population

- being supported by a habitat, 1nc1ﬁding number of individuals, density,

biomass)and/or existence energy.

among the major habitats, buE were generally similar among plots within
the same habitat (see Tables II and T11 and Fig. 10). The greatest
within habitat differences were between upland and Towland plots.
Lowland plots generally had higher densities and more specigs than
upland plots in the same habitat and often had relatively more large-
bodied birds, e.g., waterfowl, cranes, and some shorebird species.

A cluster analysis based oh.simi1arity indices of species composition
among all plots in all of the major habitats is illustrated in Figure
10. Generally, the major compositional divisfon came between shrub
thicket and forest habitats, and this division was closely paralleled by
a division between upland and lowland habitats. The mixture of plots of
different major habitats at the center of the dendrograﬁh, at the baée
of the two main branches, illustrates the complex interrelationship of
these two sets of forces (forest vs. shrub, upland vs. lowland) on avian
distribution. Two additional factors were involved in this mixture on
the dendrograph. First, as indicated elsewhere, Scattered Woodland
and Dwarf Forest (WD) is essentially a "hybrid" habitat between
shrub thickets and forests. Second, Lowland Black Spruce (CF4) and

Lowland Black Spruce Bog (4D3) were originally a single plot, which we
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TABLE 11

>

Summary of valug; of habitat variables from each Deciduous Forest bird census plot, Tanana River Valley, Alaska,

August 1975 and 1977 . : .
— '
Upland Upland Upland Upland Qp1and
Aspen-Poplar Aspen #1 Aspen #2  Birch #1 Birch #2
Variable (DF1) (pr2) {DF3) (OF4) (DF5)
Water, standing (% of ground cover) . - 0.0 0.0 0.0 0.0 _ 0.9
-
Stem Diameter (mm dbh)* 131 - 121 N 123 112

Distance between Stems
>25.4 mm dbh (m)* 2.9 2.8 1.7 2.9 2.4

Distance between Trees

>5.0 m height (m) 2.9 2.9 1.7 3.2 2.6
Stem Height (m) 12.0 11.7 10.4 10.4 10.1
Canopy Thickness (m) 6.4 5.4 4.6 7.7 6.3
Total Canopy Coverage (%) 74.3 7.2 - 75.7 78.6 81.4
Pistribution of Foliage Volume -
in each class) '
>5.0m 65.2 65.2 66.2 56.2 60.6
2.5-4.9m 9.1 9.7 9.1 21.2 17.0
1.2-2.4m 7.6 8.6 7.8 8.6 8.5
0-1.1m 18.2 16.5 16.9 14.0 13.8
Brush Density, @ 1.0 m (stemsx]OB/ha) 6.00 5.69 7.41 7.51 6.00
Height Distribution of Density of Stems
>25.4 mm dbh (% in each class)
25.0 m (tree layer) 83.9 94.1 87.5 81.1 - 89.3
2.5-4.9 m (tall shrub layer) 16.1 5.4 12.5 - 17.6 8.9
1.2-2.4 m (medium shrub layer) 0.0 0.5 0.0 1.3 1.8
Basal Area of Stems > 25.4 mm (mz/ha)* 20.638 16.868 27.986 18.379 18.752
Tree and Shrub Species Relative Impsriance (2)*
White Spruce 0.0 14.3 7.0 2.5 3.9 .
Black Spruce 0.0 0.0 0.0 0.0 0.0
Paper Birch 0.0 1.1 0.0 53.8 55.9
Quaking Aspen 58.5 72.7 76.6 1.1 - 0.0
Willow 16.3 9.1 6.3 16.9 24.9
Balsam Poplar 25.2 1.9 10.1 0.7 0.0 R
| Thinleaf Alder 0.0 0.0 0.0 0.0 0.0
: Mountain Alder 0.0 0.9 0.0 24.9 15.3 i
f e
© Stand Age (years)
Mean Age 100 96 59 84 58
Maximum Age 105 107 72 125 76
\ Index of Stem Heterogeneity** 13.2 22.0 44 1 32.1 3 32.4
\ Index of Tree Heterogeneity** 13.2 20.8 44 1 28,4 20.8

-

e Cottam and Curtis (1956) :
**See Roth (1976)
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Commu%?’“acharacteristics of avian habitats in the Tanana River Vailey, Aiaskg. breeding seasons 1975 and 1977 .,
ih.f} '} f{fvl\
DAILY , DIVERSITY )
DENSfTY EXTSTENCE DOMINANCE ﬁ? of
PLOT SIZE (territories/ BIOMASS ENERGY - INDEX reeding
(ha) 10 ha) (9/10 ha) (kcal/10 ha) (%) species) (H") ()
LOW AND MEDIUM SHRUB THICKETS (LMS)
1. Lowland Low & Medium Willow 4.25 447 4050 1518 39.9 15 , 2.0M 0.765
2. Upland Low & Medium Willow 1.61 27.7 1452 635 71.0 8 " 1.587 0.763
3. Tussock-Low & Medium Shrub Bog 10.00 23.6 1198 516 57.2 7 1.610 0.828
MEAN + SD 31.8411.4 223311578 890547 56.0+15.6 10.0:4.4 1.756 0.785
TALL SHRUB THICKET (TS)
1. Llowland Tall Alder-Willow 3.35 64.3 3544 1464 ' 41.8 18 2.364 0.818
2. Lowland Tall Willow-Poplar 1.61 67.7 2176 147 i 40.6 " 2.036  0.849
3. Upland Tall Willow 1.61 i1.8 1896 847 45.9 -8 1.781 0.856
4. Lowland Tall Alder-Willow ]0.00 58.1 5808 1968 4 30.1 18 2.584 0.894
HEAN = 5O 58.0+11.5 335641786 13552080 ©  39.6:6.7 13.8:5.1 | 2.191  0.85
DECIDUOUS FOREST (DF)
1. Upland Aspen-Poplar 1.61 28.7 1498 642 35.5 10‘ 2.092 0.908
2. Upland Aspen M 10.00 27.7 2058 | 792 45.1 13 1.782 0.695
3. Upland Aspen #2 1.61 26.9 1690 700 42.4 8 1.7GT 0.847
MEAN aspen-dominant + SD 27.8+0.9 1749+285 71176 41.0+5.0 10.3#2.5 . 1.878 0.817
4. Upland Birch #1 10.00 26.9 1386 592 40.9 15 ' 2.104 0.777
5. Up]and Birch #2 1.61 25.7 1212 546 43.2 7 1.736 0.892
MEAN birch-dominant + SD ‘ 26.3+0.8 1299+123 569+33 42.1+1.6 11.0t5i7 . 1.920 0.835
MEAN all degiduous combined + SD 27.2+1.3 1569+324 654496 41.4x3.6 10.6+3.4 1.895 0.824

!
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Figure 11. Logarithmic relationship between breeding
density and species ricnness for the major woady
avian habitats and suoty¥pes of the upper Tanana
2iver Vailey, Alaska.
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SCATTERED WOODLAND AND DWARF FOREST

Bird species existence energy-dominance

structure for the major woody avian habitats of

the Tanana River Valley, Alaska.
~ for species are given in TablerIr.
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Figure 14.

Existence energy-dominance curves for foraging

guilds within the major woody avian habitats of the

Tanana River Valley, Alaska.
abbreviations. Key: 4 =
© = Foliage searchers, e

gleaners,

* = Raptors, A = Multiple

S — Trrrte o e

gui]g (Gray Jav)., ..

See TableIl for species

Ground-brush foragers,

: = Aquatic foragers, x = Timber
O = Timber drillers,

® = Flycatchers,
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comprised 45% of total breeding density. Less abundant breeding species
foqu in bo@hwtypes were, in decreasing order of abundance, Ruby-crowned
Kingiet, Gray-cheeked Thrush, American Robin{ and Orange—crowhed Warbler.

5;Ruby~crowned Kinglet and Gray-cheekéd Thrush reached their greatest
abundance in this habitat.

The White Spruce-Birch Woodland had a much greater species richness,
breeding density, and ex%steh&e energy than Black Spruce Bog. The
relatively high number of species Q;s made possible by the combination
of coniferous and deciduous 1ife forms with that of shrub thickets.
White-crowned Sparrow was the most abundant species, comprising 21% of
the breeding density. The presence of one dominant species and several
equally-abundant species of intermediate density (Fig. 12) resulted in a
density-dominance structure similar to that of black sprJZé stands.
Ground-brush foragers reached their maximum dominance in the White
Spruce-Birch Woodland, using 89% of total existence energy. The existence
energy dominance curve for the ground-brush foraging guild was a horizontal,
sigmoid curve, typical of diverse communities.

Black Spruce Bogs, paralleling black spruce stands, had a low
number of species and low occupancy 1évels (Table I1I). Dark-eyed Junco
and Yhite-crowned Sparrow were the most abundant species, comprising 60%
of total breeding density. No birds achieved their greatest abund;nce
in this Dwarf Forest. The density-dominance structure showad a deminance
of two species and a gradual decline in abundance of species of inter-
mediate density. Ground-brush fbragers dcminated total existencgﬁenergy;

their existence energy-dominance curve .was sigmoid.
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Continued
' . . ‘ CONIFEROUS FOREST ‘ ~ SCATTERED WOODLAND AND %NARF FOREST
. White spruce- Black spruce- A1l coniferous White Spruce- !
SPECIES dominant »  dominant combined Birch Woodland , Black Spruce Bog
Spru;e Grouse ! . } 2.0 (1) 1.0 (1)
Ruffed Grouse 0.2 (1) . 0.4 (1) 0.3 (2)
J Great Horned Owl 2.2 (2) . 1.1 (2)
Hawk Owl |
Hairy Woodpecker 0.3 (1) 0.1 (1)
N. Three-toed Woodpecker 0.4 (1) ' 0.8 (1) 0.6 (2) ‘
: Gray Jay 3.8 (2) 4.6 (2) a2 (4) 0.4 (1) 3.0 (2)
I Boreal Chickadee 10.0 (2) S 2.0 {1) 6.0 (3) 7 . 4
; Bohemiam, Waxwing 0.3 (1) () 0.9 (2) 0:9 (1) C0.2 (1),
; Pine Grosbeak + (1) + (1) ,
‘Common Redpol 1.3 (1) 1.2 (1) 1.2 (2) 0.4 (1)
; White-winged Crossbill | 5.3 (2) 0.8 (1) 3.0 (3) ‘
TOTAL INDIVIDUALS 23.8 12.8 18.4 1.3 3.6
TOTAL NUMBER OF SPECIES 10 i 7 1" 2 3
|
, | ;
e

I B S
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SPECIES HABITAT USAGE

= Analysas of the measured habitat Variables, combined with field
observations on the height and actiyity of birds seen and the vegetation
E?Lsed, provided quantitative data with which to describe habitat use by
the different bird species.

Vegetation and structurq} habitat variables are by nature interrelated
(James 1971). Such correlations mq§% be examined to adequately understand
the patterns of habitat use. A correlation matrix of habitat variables
iﬁ our study showed that 60% of the correlation coefficients were highly
significant (r > 0.321, n = 331, p'< 0.001). Most of the higher correla-
tions illustrated the interdependence between forest growth and unde}story,
topography and vegetation stature, and spatial arrangement of stems and
canopy characteristics. Distance between trees, stem diameter, height,
and canopy thickness indicated dominance of forest growth. Dominance of
forest growth influenced Tight levels reaching the ground and hence
influenced the type and vigor of ground and shrub cover. Some sgecific
correlatiors prevalent throughout the species habitat ahé]ysgs were
litter ground cover and deciduous tree growth, moss ground cover and _ o
coniferous tree growth, thinleaf alder and water or openness, and inversely,
forest growth variables with shrub or open habitat variables. -

When enalyzing for bird habitat selection through comparison of
statistically selected habitat variables, one must éssume that predictable

relationships exist between the occurrence of a bird and its characteristic

vegetational requirenents (James 1971). The correlation of the p?esence
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or absence of a variable (or a certain value of that vériab]e) with a
species presence or absence, however, does not necessarily indicate a
causal relationship. Also, habitat §e1ecti0n by a species is uﬁdoubted1y
é%;fluenced by a number of interrejated variables combining to form the
"niche-gestalit" of James (1971). |

Some habitat variab]gs in this study were not distributed in a
normal pattern over all habita;s, reswrlting in some sampling artifacts;
this problem was particularly true o; woody plant species composition.
As a result, for example, statistical analyses frequently selected
thinleaf alder as important for any of the shrub birds that occurred in
any numbers on TS1, which had a relative importance value for this a1dgr
of 36.6%--the only plot in which its importance value was othezatgan

zero. Similar aberrations occurred relative to balsam poplar_and shrub

. 7
N7

thicket birds, and black spruce‘and’some Coniferous Forest birds. With
tall shrub birds, analysis of variance (ANOVA) indicated a selection for
openness as measured by distance between trees, whereas multiple regression
(REGRN) often indicated a negative correlation with that .variable--an
ambivalence caused by the fact that most tall shrub thickets have some
stems greater than 5 m high. Also, because mean values of measured ‘
variables for Deciduous Forests nearly coincided with the means of the
range of all habitats, ANOVA, which was based on a comparison of means

of species-present and species-absent subplots, often failed to show.

significant differences for Deciduous Forest birds.

\de







TABLE VII i
Medn values of variables which best distinguished the habitats of birds of the shrub thickets, upper Tanana River Valley, Alaska, 1977,
Values are from species-present subplots and are followed by standard deviations. 3
E
=~ &
b a
2 G 5 = >
v c\-_‘ [ ;’ﬂ: '5
e o i g 2 8% = 2
L o — own 0 <= O N — [
S —_ o~ Q. <4 c [
L 3L 1 v (] '5 8 8, g x 4(]—;
Loy o QoA (9] 4 =
Species - 9 @ e © & 3% §3 ?}E
2 2 8 &% 5 5 25 &2 S
Tree Sparrow 21 1+2 0.3820.12 14.1411.1 51.9+27.8 3.4+0.7 7%14 25.47+25.50 78.5
Savannah Sparrow 15 214 0.67+0. 25* 19.9+16.3 48.4+38.6 3.8+0.9* 10411 26.10£19.41 81.5
4 ]
Lincoln's Sparrow 49 5+9 0.55£0.19 14.6+13.6 42.0£33.2 3.720.8 14£22 27.09+24.05 93.0
White-crowned Sparrow 52 2+5 0.67+0.24 13.2£13.0 38.3+31.9 3.7:0.8 11x18 24.48+23.06 98.7
Rusty Blackbird 30 6+13 0.5310.18 8.8:10.6 25.8+25.3 4.041.1 17+28 22.39+19.66 121.1
Yellow Warbler 34 37 0.50+0,17 5.649.1 14.5£19.0 4.6+2.1 34131 32.96£27.89 162.7
Fox Sparrow 22 37 0.55+0.19 6.0+£10.5 12.6+20.5 4.3:0.8 3630 36.61+26.74 56.5
27 1+2 0.67:0.24 3.7:2.7 12.8£17.1 5.6+3.3 44129 39.38+30.66 72.5

Alder Flycatcher

*Height and edge biased by high density of Savannah Sparrows at edge of Tall Shrub

S 1

Thicket (TS2)
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The Tree Sparrow showed a clear preference for open habitats; 23%.

of variation in abundance was explained by distance between trees (p <
B

—

0.0dé, REGRN). Species-present subplots had less canoﬁy coverage than

=-for any other bird species; and, conversely, the distance between trees

was greater than for any other species (Table VII). In spite of the
openness, there was no evidence of any ground cover preference. Ninety-
three percent of the birds observed were in shrubs <2.5 m high--67% in
the medium shrub layer, including nmfany on song perches; 80% of observed
activity was in willow.

White-crowned Sparrow habitat statistics emphasized avoidance of

forest and tall shrub habitats and selection of open, low-medium-height

shrubbery (p < 0.001, ANOVA). Forty percent of variation in abundance
was explaired by low canopy coverage (p < 0.005, REGRN); ©only Tree and

Savannah sparrow habitats had lower canopy coverage or greater distance

between trees (Table VII). Direct observations showed 39% of activity

below 1.2 m and 38% in the medium shrub layer; 43% of White-crowned
Sparrows observed were in willow, 26% in white spruce, qnd 26% eithet on
the ground or on dead branches.

Fox Sparrow fTavored tall shrub thickets with growth particularly
dense in tne layer below 1.2 m (proportion of foliage volume in.1ow
shrub layer, p < 0.003, REGRN, and brush, p <‘0.001, REGRN and DFA}.
Brush density was second only to the Alder Flycatcher (Table VII), and
the greategt foliage volume (43%) was in the low shrub layer. There was
a prédominance of stems in the tall shrub layer (60%). Paralleling this

3
habitat structure was a dichotomy in use by the Fox Sparrow; 62% of







Mean values of variables which best distinguished the habitats of birds of Deciduous Forest and of Mixed Deciduous-Coniferous Forest, hpper

TABLE VIII

Tanana River Valley, Alaska, 1977. Values are from species-present subplots and are followed by standard deviations.
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Hammond's Flycatcher 13 0.54:0.19 11030 5.248.1 10.6+3.3 68+22 22434+ 6 154.3
Black-capped Chickadee 17 0.29+0.08 120+40 2.8+0.7 10.4+2.8 79+ 7 38.21. 6 25.8
Hermit Thrush 35 0.5120.17 130+40 2.9¢1.0 11.03.3 75411 24.29.14 34.1
Yellow-rumped Warbler 147 0.19:0.04 120+50 3.11?.7 11.0£3.3 74+14 29.22.22 53.1

"Varied Thrush 47 0.00 130+£40 3.3£1.2 10.2+3.7 73+20 34. 5.30 341
Swainson's Thrush 212 0.18:0.04 120450 3.9:5.5 10.7+4.0 68+20 23414433 142.5
Dark-eyed Junc&" 198 120+£50 4.0:£5.4 10.4+4.0 67122 25+16+29 134.6
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Hammond's Flycatcher territories occurred only on Deciduous Forest -

plots. Only 8% of the variation in abundance was explained by the

»

meagared habitat variables, largely Because only four territories or

- -

oparts of territories were on the study p]ots; Nonethe]ess, statistics

indicated a prefereﬁce for poplar-aspen forests, and mean habitat values
for spec{es-present subplots showed a preference for tall, well-developed
deciduous forests {Table VIII). Compared to the other predominantly
mature deciduous forest species--Black-capped Chickadee, Hermit Thrush,
and Yellow-rumped Warbler--the habitat of the Hammond's Flycatcher was
more heterogeneous and a bit more open (Table VIII). Although this
species nests in both paper birch ;nd quaking aspen forests in interjor
A]aska, this study revealed a possible preference for aspen,'a habitat
that Swarth (1922, 1924) found them favoring in the Skeermd and Stikine
river valleys of British Columbia. Observations showed 62% of activity
in aspen (even though mean aspen relative importance value was only
34%), 15% in birch (relative importance value, 22%), but none in épruce;
72% of activity was in the tree stratum (mean height, 6.5 + 3.0 m).
B]ack-capped Chickadee showed as Strong a se]ectioﬁlfor-Deciduous

Forests (combined deciduous tree importance, 61%) as the Boreal Chickadee .

~ did for Coniferous Forests (Fig. 16) and, 1ike its congener, it favored

spatially homogeneous forests (Towest index of-tree heterogeneity Bf any
bird Species in this study). Statistical treatments of the habitat
variables showed little, except avoidance of white spruce (p < 0.00{,
REGR&), undoubtedly in part because only four territories or parts of

territories were on the study plots. An examination of mean habi%at
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Figure ﬁs. Ordination of 26 taiga birds on a gradient from pure
coniferous to pure deciduous habitat in the upper Tanana River
Valley, Alaska, based on mean habitat variables of importance
values of coniferous trees vs deciduous trees.and shrubs. See
TableII for bird species abbreviations.
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values for species-present subplots (Table VIII), however, showed a
preference for relatively dense deciduous forests with large trees;
totaffcanopy‘coverage was greater than %or any other bird species.

_Within Deciduous Forests, the Black-capped Chickadee showed some preference

am——

for paper birch; habitats had mean relative importance values of 38% for
birch and 21% for aspen. Sixty percent of the birds were observed in
birch, with 20% each in aspen_and poplar; 92% were observed in the tree
stratum (mean heignt, 7.1 = 2.9 m)...'

Hermit Thrush habitat measurements, as those of most other deciduous
forest birds, failed to show any useful variables with multiple regression.
Mean habitat values of species-present subplots, however, showed a clear
preference for mature, re]ativé]y dense deciduous forests (Table VIIf).

We found that territories almost invariably occurred at the edge of
internal forest openings, such as b]oﬁdowns, powerlines, etc., a phenomenoh
“described also by Dilger (1956), although the index of tree heterogeneity
was low. Territories were present on all of the Deciduous Forest plots
and on one mixed (1F1) and one coniferous (CF2) pTot. There were some
indications of a preference for quaking aspen stands: AﬁOVA showed a.
positive se]ectibn for aspen (p < 0.005); highest density of territories
occurred on an aspen-dominant p1qt (DF3); and 29% of the birds observed
were in aspen (46% were on the ground and 11% were in paper birch)= In
view of the apparent preference of Hermit Thrush farther east in North
America for habitats with conifers (Dilger 1956, Godfrey 1966), it is

noteworthy that our study showed avoidance of white spruce (p < 0.001,

DFA). Hermit Thrush is primarily a ground nester and forager, and 52%
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of the activity we observed was below 1.2 m; 29%, primarily singing

males, was in the tree stratum.

>

:ﬁellow—¥umped Yarbler favored forest habitats; 21% of variation in

-abundance was explained by a high proportion of foliage in the tree

- layer (p < 0.001, RPEGRN). It occurred on almost all of the forest

plots, whether deciduous, mixed, or coniferous, but its densities were
greatest in the deciduous and-nixed forests. Mean habitat values (Table
VIII) showed that it favored mature~deciduous forests of either paper
birch or quaking aspen. Species-present subplots had a combined deciduous
tree importance value of 53%--29% birch, 22% aspen, and 2% poplar--and a
white spruce importance of 22%. B;th ANOVA and DFA indicated a possib]e
avoidance of white spruce (p < 0.005). Observations showed 42% use of
birch, 33% aspen, and 8% white spruce; 83% of activity wa$™in the tree

layer and 16% in the medium and tall shrub layers, where this warbler

normally nests {(mean height, 6.5 + 2.8 m).

Mixed Deciduous-Coniferous Forests

Three speéiés of birds appeared to prefer Mixed Deciduous- -
Coniferous Forests (Table VIII), although all used other habitaté as
well. The Varied Thrush appeared to select th{s habitatﬁprimarily“
because of the kind of dense understory it provided, whereas the wide-
spread Swainson's Thrush and Dark-eyed Junco appeared to be abundant‘

because of the juxtaposition of the two tree life forms.

A
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Varied Thrush prefer shaded, relatively moist habitats of dense
foliage (Gabrielson and Lincoln 1959, Godfrey 1966), characteristics
thaé:were not measured well by our habitat variables. fhese character-

—listics, hoﬁever, were best met on our study area where the big-leaved,
shade-tolerant mountain alder grew under a forest canopy and where

spruce were present. Both ANOVA and DFA indicated selection for mountain

/\alder and paper birch (p < 0.801) and ANOVA showed avoidance of edge (p
/N ¢

f < 0.001). Only seven territories of parts of territories occurred on

| the study plots, one in a birch deciduous forest, two partial territories
in a white spruce forest, and the rest in Mixed Deciduous-Coniferous
Forests. A forest canopy, however, is not a habitat requirement, per

{ se, as Varied Thrush breed in Tall Shrub Thickets, primarily mountain

TN alder, beyond treeline in western Alaska (Kessel, pers. dE;.). Observa-
: \ .

\\(Tions showed 42% of birds in birch, 25% on the ground, and 21% in white

spruce, bEE~Qgﬂgﬁin,§lQ§r. Sfxfy—four percent were in the tree layer
and 27% were below 1.2 m (mean height, 5.4 = 4.7 m).

Swainson's Thrush shoved a preference for forest habitats (Table |
VIII), a]though it occurred on almost all of the study p1ots,'except the
most open ones (Low and Medium Shrub Thickets and Scattered Hood}ands);
it was second only to Dark-eyed Junco in overall abundance (84.3 ter-
ritories on study area). Relatively high densities (>5 territorieé}]O
ha) occurred on mature torest plots in which either white spruce or .
paper birch had nigh importance values, a species composition that,

among other things, mitigated against a high ground cover of dwarf

&
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shrubs, which Swainson's Thrush tended to avoid (p < 0.005, DFA); deciduous

forests with high importance values of aspen had higher percentages of

»

dwa;? shrub ground cover and lower numbers of Swainson's Thrush. Highest

- -

- densities occurred on Mixed Deciduots-Coniferous Forest plots with low

(<20%) dwarf shrub ground cover (10.8 and 11.0 territories/10 ha on MF1
and MF2, respectively). Multiple regression selected ]fttér as an
important variable (p < 0.001), which would seem logical on the basis of
ffme spent foraging on the ground, but intercorrelations suggest that
litter may have been first included in the regression equation based on
its high value in all plots with high deciduous tree importance, i.e.,
all deciduous and mixed forest p]o%s. About half of the foliage vo]gme
in Swainson's Thrush habitat was in the understory (49%) and the habitat
had a fairly high spatial heterdgeneity (Tab]e VIII); coupTed with these
habitat characteristics, this bird, except when singing, carried out
most of its nesting and maintenance activities in the understory.
Observations showed 41% of activity in the tree layer, 36% below 1.2 m,
and 17% in the tall shrub layer (mean height, 3.9 * 3.8 m); 26% of bifds
obsérved were on the ground, 21% in aspen, 20% in birch,h12%-in mountain
alder, and 10% in white spruce. .

Dark-eyed Junco showed a preference for forest and wood]and.habitats
(Table VIII)--whether deciduous, mixed, or confferous—-a]though it also
occurred in shrub thickets, especially tall shrubs. Junco was the most

widespread and abundant breeder on the study area; it occurred on more

of the plots than any other species (19 of 23 plots, excluding MF5) and
. 3
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T rence on subplots of 7 to 100 and from totally white spruce to totally

black spruce. Gray Jay habitats had a mean importance value for spruce
of 46%--40% for white spruce and 6% for black spruce.' The spruce relative
importance value and general sizg staturé of the forest were léss than
ij 7=err most other coniferous species--White-winged Crossbill, Townsend's
= Warbler, and Boreal Chickadee--and the tree heterogeneity was much
higher (Table IX). Sixty-seven percent of observations were in the tree
layer and 15% below 1.2 m (mean heigﬁ%, 4.9 + 2.7 m); 33% were in white
spruce, 16% in black spruce, and 24% in aspen.

Boreal Chickadee favored habitats with forest characterjstics and
showed a strong preference for white spruce (Table IX). These habitat
values were exceeded only by those for the White-winged Crossbiil and
Townsend's Warbler. Unlike these latter species, however,._this chickadee

" had territories in Mixed-Deciduous Coniferous Forests as well as in
Coniferous Forests and in black spruce as well as white spruce stands.
Observations showed 80% use of White Spruce, 9% of aspen, 5% of willow,
and 4% of black spruce. Ninety percent of birds observed were in the
tree layer and 9% in the medium and tall shrub layers (mean height, 8.3
+ 3.4 m). Moss, which is used as a nest material, appeared to be a
selected ground cover variable (p < 0.001, REGRN and DFA) independent of
its high correlation with spruce forests. ' | -

Brown Creeper territories were too few to allow adequate definition
of this species' habitat. Statistically, canopy thickness at 7.8 m--
i.e., forest--was the only habitat variable significant at the p < 0.001

3
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TABLE IX .
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Mean values of variables which best distinguished the habitats of birds of Coniferous Forest, upper Tanana River Valley, Alaska, 1977, Values
1 )
are from species-present subplots and are followed by standard deviations. '
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White-winged Crossbill 25 0.12:0.02 15060 3.4 1.1 14.4:5.1. © 0 11.5¢4.8 65216 .67.2 31.5
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Townsend's Warbler 89 0.03+0.00 150+50 3.4x 0.9 13.1+4.4 10.6+4.1 69+15 60.0 27.4
Boreal Chickadee 65 0.06+0.01 140450 3.4x 1.0 12.4£4.6 9.7+4.4 6315 54.4 29.5
Brown Creeper 25 0.00 130£40 3.6t 1.3 12.3t4.0 .- 7.8+3.8 66119 54,0 35.9
Gray Jay 93 0.23+0.05 12060 4,2+ 6.1 10.3:4.7 . 7.6:4.2 61+23 40.6 142.9
Ruby-crowned Kinglet 27 0.26+0.07 110£60 7.1£13.9 9.5¢5.1 - 7.4:4.4 48+32 51.11 ©194.3
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Tevel (REGRN). Only 2.5 territories were delineated; two were on
Upland White Spruce #1 plot (CF1) and one was on Upland Birch-White
Spruce plot (MF2). Fifty-three percén? of birds observed were in white

spruce and 40% in paper birch.

p——

Ruby-crowned Kinglet showed a strong selection for spruce habitats,
either black or white spruce; species-present subplots had a combined
spruce relative importance value of 62%, second only to White-winged
Crossbill (Fig. 16). 1In general, hD;ever, kinglets favored more open
forests of lesser stature than any of the other coniferous forest birds,
including Gray Jay (Table IX), and it favored forests with a high tree
heterogeneity. Ruby-crowned KingTet territories occurred on almost all.
of the Mixed Deciduous—Conifefous Forest and Scattered Woodland and.
Dwarf Forest plots and on all Coniferous Forest plots, e*eept’the two
densest white spruce plots. Sixty—tﬁo percent of kinglets observed were
in spruce (48% in white spruce) and 38% were in deciduous trees (33% in
paper birch) (ANOVA showed a slight tendency toward avoidance of aspen;
p < 0.C5). Ninety percent of observed activity was in the tree layer.

Townsend's Warbler clearly selected white spruce; éO% of the vafiation .
in its abundancé was explained by this single factor (p < 0.001, REGRN). =
Its presence was restricted to mature coniferous or mixed-coniferous
forests with large white spruce trees (CF1, CF2, MF2); the habitat
describad by measured variables was second only to that of the White-
winged Crossbill in the relative importance value and size of the white
spruce (Table IX). While statistics did not indicate paper birch as a

significant variable, this tree had a relative importance value 6f 17%
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on the species-present subplots and was used by foraging and singing
birds; 60% of birds observed were in white spruce, 31% in paper birch.
Ninéty-five percent of Townsend's warbiers were observed in the tree

- -

layer, 4% in tall shrubs (mean height, 10.1 + 3.7 m).

ot

White-winged Crossbill appeared to be only a visitor 6n the study
plots, where it showed a clear preference for mature forests of white
spruce. Species-present-subplots had the highest mean values for white
spruce relative importance, tfee hejaht, and canopy thickness of any
coniferous forest bird species. Observations showed 73% of activity in
white spruce, 18% in willow, and 9% in black spruce. Distribution of
height observations was 82% in the tree layer and 18% in the tall shrub

layer (mean height, 11.8 x 5.8 m).

Open Forests and Scattered Woodlands

The similar mean habitat values of five bird species placed them 1in
an artificial grouping whose mean values describe an open forest or
scattered woodland situation (Table X and Fig. 17), although this
described situation itself is not a_discrete habitat. The actual
habitats of somé.of these species réngéd from shrub thickets to forests.
The Common Redpoll and Orange-crowned Warbler, for instance, utiiized
both shrub thickets and forest habitats, and the resultant arithmetic
means of species-present subplots are similar to those of Scattered
Woodland habitats--which both of these species also use. The situation
is similar also for the American Robin; while it obviously favored aspen

forests on the study area, the wide range of habitats utilized ré%u1ted

o gt e o T
3 A Ll oSl




;/‘“ TABLE X

Multiple regression equations relating habitat variables to breeding density of 26 bird species in the upper
Tanana River Valley, Alaska. The order in which the variablesswere entered into the equation is left to right. -
ﬂumerals preceding the habitat variables are standardized slope values. A1l variables in the 'equations were

statistically significant (p<0.05); greater significance {p<0.001) is indicated by boldface type. Equations
___*"'

are based on 331 observations, with the number of species-present subplots indicated by n;

SPECIES EQUAT ION . RZ n

Shrub Thicket Birds
Alder Flycatcher = -0.123 + 0.033 grusﬁ density % 0.088 willow + 0.224 water 0.262 27
- + 0.111 Balsam Poplar - 0.029stem distance + 0.087 Thinleaf
Bt I N
Alder + 0.079 grass
Yellow Warbler = 1.088 + 0.309 Balsam Poplar - 0.054 tres distance + 0.520 0.467 34
Thinleaf Alder - 0.122 tree layer foliage volume + 0.242 low
P e e NV A e P cn et
shrub leyer foliage volume - 0.027 slope - 0.148 Black Spruce +
. Landid
0.123 willow
Rusty Blackbird = 2.452 + 0.245 Thinleaf Alder - 0.139 canopy coverage - 0.028 0.398 30
tree distence - 0.172 forbs - 0.147 Black Spruce - 0.014 slope
A N M e e S W )
+ 0.301 water - 0.094 grass - 0.092 tree layer stem density
- 0.071 willow '

3
Savannah Sparrow = - 0.179 + 0.214 Balsam Poplar - 0.098 canopy coveraget+0.082 0.232 15
S A S

small, multiple-stemmedness - 0.325 ﬁi;ff + 0.130 Tow shrub layer
foliage volume + 0.048 stem distance - 0.017 tree distance +
0.0569 tree layer stem density
Tree Sparrow = 0:174 + 0.007 tree distance +0.089 Thiglggf 5193: - 0.029 0.288 21
canépy covérage + 0.058 Balsam Poplar )

¥White-crovwned Sparrow = 2.8589 - 0.277 canopy coverage - 0.192 Black Spruce - 0.018 0.505 52

slope - 0.595 water + 0.265 medium shrub layer stem density

0.035 stem height

Fox Sparrow 0.609 - 0.021 tree distance + 0.139 Thinleaf Alder + 0.301 éZ
IABS SSRGS e

hi

N T

0.124 low shrub layer foliage volume - 0.012 slope - 0.102
Black Spruce - 0.240 water + 0.028 brush density - 0.070 canopy
AAA, e Ve,

coverege -
s 3

O
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TABLE X
Continued
-_— >
SPECIES ' EQUATION R2 n
Linggn's Sparrow = 0.224 + 0.032 tree distance'+ 0.181 Balsam Poplar + 0.298 0.667 49
- AAAL AAS A e T e
medium shrqgilayer stem qsg§ity + 0.098 grass + 0.023 brush
density - 0.097 Black Spruce + 0.245 water - 0.052 canopy coverage
- 0.026 stem distance
-
Deciduous Forest Birds -
Hammond's Flycatcher = - 0.041 + 0.093 Balsam Poplar + 0.087 larce, rultiple- 0.081 13
L S )
stemmedness + 0.027 Quaking Aspen
Black-capped Chickadee = 0.052 - 0.0386 White Spruce + 0.006.510pe 0.047 17
Hermit Thrush = - 0.007 + 0.012 slope + 0.081 Balsam Poplar - 0.031 White 0.061 35
o Spruce -_—
Yellow-rumped Warbler = -0.247 + 0.3159 tree layer foliage Xgl}g@_+ 0.749 litter 0.254 147
- 0.120 wnite Spruce + 0.115 stem dizmeter v
Mixed Deciduous-Coniferous Forest Birds
Varied Thrush = 0.454 + 0.058 Paper Birch + 0.098 Black SprqggL- 0.139. forb 0.100 . 47
- 0.056 cwarf shrub + 0.049 Mountain Alder -
Swainson's Thrush = 2.362 + 0.242 Vitter,.- 0.369 Thinleaf Aldar - 0.178 duwarf -0.191 212
AN, AN A
shrub - 0.100 single-stemmedness
Dark-eyed Junco = 1.615 + 0.580 large, multiple stemmedness + G.245 Mountain 0.157 198
o TR e et e g e e A A A
Alder - 0.321 Thinleaf Alder
SAAAA FNAAA A
Coniferous Forest 3irds
Gray Jay = -0.162 + 0.144 canopy thickness + 0.230 Black Spruce ¢.195 93
ANAAAS VAAARANA R Y I S L Ve
SN + 0.038 slope - 0.118 tree leyer foliage volumz - 0.259
(; ‘. N
e large, rultiple-stemmedness
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s TABLE X
Continued
-— » 2
SPECIES - EQUATION R n
Boreal Chickadee = -1.343 - 0.263 tree layer foliage volume + 0.069 slope 0.406 65
——— D e R [ Y Anren
+ 0.353 moss + 0.151 White Spruce + 0.132 stem heicht
e aa ol AN AN
Brown Cresper = 0.033 + 0.063 canopy thickness - 0.015 s1ope + 0.072 Mountain 0.150 25
SN Ny,
Alder - 0.072 litter 4 0.C31 tree layar foliage volume - 0.090
Targe, multiple-stemmedness '
"
Ruby-crowned Kinglet = 0.431 + 0.076 :.ack Spruce - 0.046 canopy coverage - 0.053 Jow 0.142 27
A A AANAAS
shrub layer foliaca vo1ume + 0.022 “hite Spruce - 0.010 stem
distance
Townsend's Warbler = -1.415 + 0.191 wai nite Spruce + 0.054 s’ﬁpe + 0.133 tall shrub 0.493 89
— layer stem density + 0.257 canopy thicke2ss - 0.191 large,——
I \ % e o SOy
' multiple-stemmednzss - 0.102 stem height
White-wingad Crossbill = - 0.819 + 0.176 White Spruce + 0.03E stiem height + 0.032 0.201 25
AV AAAVY B e s
brush density
Open Forast and Scattered Woodland Birds .
Cormon Flicker = 0.496 + 0.096 Ez1sam Poplar - 0.063 iree layér stem density . 0.054 28
- 0.037 tree distznce
Americean Robin = 1.057 + 0.415 Quaking Aspen - 0.028 slope - 0.110 grass 0.472 99
A AAAAA P s 2%
- 0.171 forb -
Bohemian Yaxwing = 0.218 + 0.153 Cu2king Aspen - 0.012 sicpe 0.123. 22
Orangz-crowned wWarbler = 2.244 - 0.225 White Spruce - 0.294 Thirleaf Alder + 0.144 0.300 153
P a el /.»//\-’/\ =V
willew + 0.292 lerge, nultiple-stemrzZrzss - 0.175 Paper Birch
- 0.141 Black Spruce - 0.205 forb - ©.125 moss 4
Common PRedpoll = 0.012 + 0.126 cuwarf shrub ~ 0.025 38
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Mean values of variables which best distinguished the habitats of birds of open forests and scattered woodlands, upper Tanana River Valiey,

\
Alaska, 1977 (see text for explanation of grouping). Values are from species-present subpiots and are followed by séandar'd deviations.
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Common Redpoll 38 31217 0.21+0.05 4.68.0 5.8+11.3 6.4x2.7 6324 14.58£17.16  ~ 176.7 194.7
Common Flicker 28 . 35+18 - 0.5010.'17> 3.3£1.1 5.6%5.2 5.9+3.1 54+30 < 12.39£18.09 « 33.0 92.6
Orange-crowned Warbler 153 31217 0.34£0.10 3.1+1.6 ' 4,9+7.0 5.812.3 65+24 14.50£18.73 51.8 v 141.3
American Robin 99 36417 0.3910.12 3.1e2.2 6.2¢11.5 5.312,2 621426 14.18120.21 68.5 184.0
Bohemian Waxwing 22 4214 0.32+0.09 4.7:4.8 9.0+13.6 5.0:1.8 55£30 '6.8045,32 103.5 150.8
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S in mean values for open forest or woodland situations--in which it was
also found. The habitats of the Common Flicker and Bohemian Waxwing

— »

were more aécurate1y described by the habitat means.

— Common Flicker habitat was inadequately measured in this study;
only 5% of its variability in abundance was explained by the measured
habitat variables. Flicker occurrence, rcwever, corresponded with the
presence of large-diameter balsam poRJar trees (p < 0.009, REGRN) in
edge situations (p < 0.005, ANOVA) &nd with a ground cover of dwarf
shrubs (p < 0.01, AHOVA and DFA) (Table X); these dwarf shrubs produced
berries that were eaten by the flicker. Fifty percent of the birds
observed were in the tree stratum énd 20% were in tall shrubs; 32% were
in poplar, 24% in aspen, and 19% on the cround.

American Robin showed a clear preference for quakingdspen (p <
0.001, REGRN and DFA), with this tree spacies accounting for 42% of the
variability in robin abundance; it occurred in greatest densities on

aspen plots DF2 and DF3 (6.5 and 4.9 territories/ 10 ha, respectively).

o There also appeared to have been a concomitant tendency to avoid closed
//‘ : T e ! :

—

spruce andibifch %orests (p < 0.005, ANOVA), probably because of the

denser understory and lack of berry-producing dwarf shrubs; breeding -

1

densities were low in such habitats (DF4 znd DF5, MF2 and MF4, and all
CF plots). The robin is catholic in its choice of habitats™in
Alaska, and it was second only to the junco in the number of study
plots on which it occurred (18 plots of 23, excluding MF5). Also, fhe
spatﬁa] heterogeneity of trees in its hatitat was exceeded only by

Commcn Redpoll and Ruby-crowned Kinglet (Table X). Observations showed
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54% of activity in the tree stratum and 44% below 2.5 m; 42% of birds
seen were in aspen, 31% were on the ground, and 12% were in white spruce.

TBohemiaﬁAwaxwing vas only a visitor to most of the plots on the

study area, and habitat measurements proveﬂ inadequate for statistical

[ omead

analyses. An examination of the mean habitat values of species-present
subplots, however, gave some descriptive clues. Waxwings seemed to
favor open tree habitats,(dis}ance between trees almost equal to tree
height and large stem height and digﬁeter) with fairly high spatial
heterogeneity and a high dwarf shrub cover (highest for any bird species);
many of the dwarf shrubs produced berries which were eaten by the waxwings.
Sixty-three percent of birds were ‘seen in aspen, 21% were on the ground,
and 10% were on dead snags; 79% were in the tree stratum and 21% were
below 1.2 m. —

Orange-crowned Warbler favored habitats of willow shrub (p <
0.001, DFA). Territories occurred on almost all of the Shrub Thicket,
Deciduous and Mixed Deciduous-Coniferous Forest, and Scattered Woodland
and Dwarf Forest plots, but not on the Coniferous Forest plots. Statis-
tical analyses, in fact, indicated an avoidance of spruéé and of thinleaf
alder (both p <:0.00], REGRN). Twenty-eight percent of birds observed -
were on aspen, 27% on birch, and 25% on willow; only 6% were on alder
and 5% on spruce. Highest densities occurred on Tall Shrub Thicket
plots (6.0-9.6 territories/10 ha). Height of activity was divided
between the tree layer (72%) and the low-medium shrub layer (24%). r
Apparently Orange-crowned Warbler used willow shrubs Qherever they

occurred, whether in the open or under deciduous forest canopy, ahd the
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main breeding and maintenance activities were within the ground to
medium shrub layer. Tree-height vegetation was not required, but was
readily used when present for singing and foraging; 6n-the other hand,
birds ware fairly common in some deciduou§ forests that lacked well-
aeveloped shrub understories (aspen plots DF1, DF2, and DF3).

Common Redpoll habitat analyses showed only one possibly discri-
minating variable (dwarf.shrqp), undoubtedly in part because of the
small number of observations and thg“extreme lability of redpolls. 1In
interior Alaska, for example, the redpoll may nest low at the base of a
dwarf shrub or high in the axil of a branch of a tall tree; during
summer in cpen shrub habitats it is a ground-brush forager, while in
forests it is a foliage searcher (see Fig. 14). It occurred in most.
types of shrub thickets and forests, but it appeared to favor habitats
with a higher than average dwarf shrub ground cover (p < 0.004, REGRN),
although this variable accounted for less than 3% of the variability in
redpoll abundance. Observations suggested a preference for deciduous
woody plants: 40% of birds observed in trees or shrubs were in aspen,
29% 1in birch, 20% in willow, and 11% in white spruce, whérea§ the resbec-
tive mean relative importance values of these plants on species-present
subplots were 19%, 19%, 15%, and 30%. A similar preference pattern was

noted in 1975 at Fairbanks (Spindler 1976). -

N
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Bird Species Habitat Ordinations

A principal component analysis reduced 21 structural habitat
characteristics to three principal comﬁBnents accounting for 61.5% of’

total variation. Component I corresponded-tO'a gradient of habitat

ag———

openness, ranging from open treeless to closed forested habftats, and
accounted for 36.6% of the total variance in habitat data. Component II
corresponded with density. of shrubs, accounting for an additional 14.6%.
of the variance. Component III reflézted a gradient of canopy thickness
and ground cover types and accounted for 10.3% of the variance in the
data. o

The habitat data for each bird species was projected onto ("scored
against") the three principa]»tomponents to ascertain where each speéies
was located in the three-dimensional habitat space (Fig. 18). The

groups of species characteristic of the six taiga habitats were separated
distinctly. ,
A simple bivariate ordination of two mean habitat values, distance
between trees and canopy thickness, produced a similar or superior
separation of species groups and of ;pecies within group§ than did the
three-dimensional ordination by briﬁcipal components (Fig. 1?). The _
pattern of groups along the gradient and of species within each group is
generally similar to the principal components ordination, with the -
exception of a more realistic representation of the Low and Medium Shrub
Thickets species and the artificial open forest and scattered woodland
species grouping. A similar ordination was obtained by plotting of

medium and tall shrub stem density against canopy thickness. 5
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DISCUSSION

»

= A number of studies have shown that species richness and diversity

~ _ in an avian community, as well as habitat selection by individual species,

Sa—

can be correlated with components of habitat structure, e.g., foliage-
height diversity (MacArthur 1964, Karr 1968, Recher 1969, Willson 1974,
Terborgh 1977), spatial hetepogeneiﬁy (MacArthur 1964, Karr and Roth

1971, Roth 1976), height of vegetation (Lack 1933, Cody 1968 and 1979,

 Wiens 1969, James 1971, Flack 1976), percent cover of vegetation canopy
(James 1971, Willson 1974), foliage volume (Sturman 1968, Balda 1969),
and canopy thickness and tree density (Flack 1976). Community character-
istics have also been shown to be affected by many other factors, such
as 5tabi1ity and predictability of climate and other environmental
factors, predation, competitiop, etc. (see discussions by Menge and
Sutherland 1976, Wiens 1977, P¥anka 1978) and by primary productivity
and food resource levels (Terborgh 1977, Pianka 1978, and this study).
Physical factors--e.g., soil temperature, moisture, pH, nutrient -regime,
s]épe, solar Fadiation——genera]}y control rates of primary production in
the vegetation éf'the Alaska taiga (Van Cleve, pers. comm.).

We used a number of the above-cited structural vegetation vériab]es
in our analyses, but also considered some physical aspects of the habitat
(e.g.; slope, aspect, water), importance values of tree and tall shrpb
species, and primary productivity. Me found that breeding season avian
occupancy of a habitat was apparently related mainly to the primary

3

productivity of that habitat, an = indirect re]ationship associated.
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in some way with the amount of energy "available" in the habitat.
Generally, species richness was increased with the structural complexity
of the habitaf, which allowed both the “addition and expansion of foraging

guilds, but richness was also increased in habitats of high p}{hary

———

productivity through guild expansion. Differences in species composition
and habitat occupancy within a major habitat:§§§/§1so related to dif-
ferences in primary productivjty and differences in the structural
diversity of the canopy (aspen vs bif&h stands), understory characteristics
(berry-producing plants, dwarf shrub cover, etc.), and perhaps plant
species composition (e.g., willow vs. other shrubs). Also, occupancy
level and species richness differed between upland énd Towland habitats
of similar structure, primarily because of the prevalence of water iﬁ
the lowlands and its absence on hillsides. —_
Lovest .

While taigi\habitats of our study proved depauperate in terms of
total breeding density and species richness compared to the temperate
forests or more southern portions of the boreal forests of North America,
tall shrub habitats were comparatively rich, equalling or exceeding
southern counterparts in both breeding density and speciés richness.
Tall Shrub Thickets supported the highest species richness and occupancy o
levels of any habitat in the upper Tanana River Valley. The high species
richness and habitat occupancy undoubtedly resulted from a combinatdon
of high primary productivity, vertical structural diversity, spatial -
heterogeneity, and the influence of wetfands. Occupancy 1eve1§“wéfel
particularly high in the 1owlahds and %gg;g?gnificantly correlated with

the presence of water, thinleaf alder, and balsam poplar. High primary
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productivity of these lowland sites was probably maintained in part by
continual nutrient exchange in the alluvial wetland system; and- the
presence of-hﬁtrogen—fixing and highlyZproductive thinleaf alder may act

as a catalyzing acgent for other pripary prbducers in the habitat--

=r;otab1y willow and poplar (Van Cleve, pers. comm.). Guild expansion

appeared to be responsible for the high species richness observed, with
13 ground-bush foragers and tbree foliage searchers able to exploit the
high energy resources of this vert15511y-1imited but structurally diverse
habitat.

Low and Medium Shrub Thickets had low species richness, apparently
because of a relatively simple habitat structure. Unless standing water
was present, this habitat was also relatively low in occupancy 1eve1é,
probably because of the cold, boggy substrate. UYWhen water-was present,
as it frequently is in this habitat, dccupanéy and species richness were
enhanced by the addition of the aquatic foraging quild.

Deciduous Forests were intermediate among the habitats in species
richness and occupancy, and there was evidence of niche 1so1ationﬂamong
the few species in each foraging guild. The slightly Tower 1§ve1s of‘
primary productivity but greater structural complexity of birch stands,
compared to aspen stands, probably accounted for the correspondingly
Jower occupancy but greater species richness of the birch stands. -The
characteristic mid-story of mountain alder and the thick canopy of birch
increased opportunities for the foliage searcher guild. Converse]y,‘the
lack of mid-story vegetation and the comparatively thin upper canopy of

aspen stands resulted in a lower dominance of foliage searchers. *he
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and coniferous life forms supported a diverse avian community. High
species richness was gained through both the addition and expansion of

foraging gui]ﬂs and was exceeded on]y'Ey the Tall Shrub Thickets, which

had much higher levels of primary productiQity.

o——

Scattered Woodland and Dwarf Forest was the third habifat with an
intermediate level of avian occupancy, in spite of the fact that the
open canopy cf this habitat, with its concomitant greater presénce of
shrub layers, added characteristics,é% the more productive shrub thicket
communities. The stunted character of the tree species in this habitat
1ndicatés low primary productivity, which may account, indirectly, for
the relatively low species richness and the low number and size of the
foraging gquilds.

The Tow occupancy level in the Conifercus Forest habitat, and
especially in the black spruce stands, appears indirectly related to low
primary productivity rates. A thick canopy with a varied, conical
structure and an open upper layer, however, provided foraging opportunities
for five guilds.

The pattern of permanent resident species abundancé'duringithe
breeding season appeared generally to cofrespond to their winter season
patterns. Wintering birds near Fairbanks tend to be most numerous in
white spruce forests, followed by black spruce and mixedighite spruece-
birch forests (pers. obs.). Gray Jay, Boreal Chickadee, and Northern
Three-toed Woodpecker generally bred on the study area in the same white
spruce-dominated forests in which they wintered, and the Coniferous

Forests and Mixed Deciduous-Coniferous Forests, which support Pind
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Grosbeak, redpoll, and White-winged Crossbill in winter, also support
them in summer. The ability of a habitat to support resident wintering
species is apparently largely related fo the avai]abf]ity of a relatively

high abundance of tree seeds, especially white spruce and paper birch,

= and probably also to the presence of the thick coniferous Canopies,

which minimize the loss of bird body heat by direct radiation to open
sky, especially during roosting. Van Cleve and associates (pers.
comm.) have found that spruce foresE§§ especially white spruce, produce
the highest above-ground biomass of forest plant growth, which would
provide maximal foraging surface area for wintering birds. Also, seeds
remain readily available in spruce cones and birch catkins tﬁroughout
the winter. White spruce seeds provide more calories {(av. 6615 ca]/ém
dry wt) than black spruce seeds (av. 6053 cal/gm dry wt) {Brink and Dean
1966); paper birch seeds provide 5637 cal/gm dry wt (av. five samples,

range 5586-5710 cal/gm dry wt, Kessel unpubl. data). Brink and Dean

(op. cit.) found that Red Squirrels (Tamiasciurus hudsonicus) could
maintain or increase body weight when fed a pure diet of white spruce
seeds, but lost weight on black spruce seeds.
Annual variation in breeding deﬁsities of individual species may_
alter the species composition and perhaps the community structure of a
habitat from year to year, but since the most abundant species are the
least variable, the impact of this variation should be minimal. The
inverse relationship between abundance and annual variation may be

caused by density-dependent regulation limiting and stabilizing breeding

population levels for abundant species (Stephen F. Maclean, pers. omm.).
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Boreal bird s~ecies have been categorized as habitat-generalists
(Theberge 1976, Erskine 1977), being nearly ubiquitous in terms of
habftat preféfences. The re]ative]y's;all number of species breeding in

_the taiga may allcw widely-separated niches and a tendency towards lack
=r;f habitat specificity, but our habftat use and community structure data
suggest that in th2 Alaska taiga most breeding species have distinct
habitat preferences. Even habitat-generalists reach maximum abundance

-

in habitats of specific structure and composition.
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upper Tanana River Valley, Alaska,
showing general locations of bird
census plots, 1977. '

; Tibs
34 2t

.1
2 Al

'\
N

i
s Uit ndawn s
lalens

I NE
Iﬁ‘ﬁ‘"\‘”ll] P

At gt 4 by Fedl . A

s Mundcho

b B

Y

lak

kel

i

Tetlin-Northway study area, .

\

g

" (il
L gt

"""“"J 0

+ ¢ lglany
uy 5%
N

ay
i Y
! rs o,
i ke f
i )

L

Sl

PR
o el 3B
e {2

it
~o.

<o)

"‘(‘%;‘fﬁ.vn:iumn\'mlr/;r; S }}‘ \

Inle o«

T

VA
T AN
T EURI

(AR
- Yetvymr,
SN I

™

[PV a7 ¢ .
Nnaintr N\ 2 AN Pra Ty
) : S C .

P i
) v 4 IN o v E
P22 Diagdwas J i LI
,llll\\)) \ . s‘ . ) ! .0 ’
. Y, 1

"'7") X
R" Ilu"lvli!r. ‘- )

lake { o

L¢:SQf

T e——

AN g
Tt
%;rﬂllu‘qllhng N
1ath o)

~. I,




BML . e

o
S i OV
T 16u0

KB ] ' X
","’.

+
y &

Figure 2.

study area

Specific locations of
bird census plots, Tetlin-Northway
s upper Tanana River Valiey,
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Table 1. Summary of values of hebitat variables from cach bird census plot, Tetlin-Northway study area,
Alaska, August 1377 .

—r — e = = - o e e T EsE e e e e e TR S ey |

LT . SHRUB THICKETS
\_‘A,' ) C‘l .
T - o A Lowland Medium- Lowland Tall  Upland Tall Upland Low &
Ao Varizble ( : B . Symbol Tall Willow Willow-Poplar Willow Medium Hillow
“«’Ground Cover {in percent) i"}\ AN ‘:
Grass* _ ., 4 N T GRASS 19.1 13.2 35.1 53.2
Herbs* -9.,2 . -t ) . ~HERBSY @7 3£ 13.6 14.4 12.5 7.6
Moss and Lichen* yy - e 0SS&L  » 15.8 12.1 22.5 7.6
Dwarf Shrub (<0.5 high)* 0:f" DSHRUB 25.9 © 35.0 22.5 31.6
Litter* A LITTER o 19.3 25.3 6.2 0.0
Water, standlng*\ 27 WATER 6.3 0.0 ~ 7 1.2 0.0
Fire Evidence (0=minimum, 2.0=maximum) FIRE' 0.03 0.0 0.0 0.0
_‘""
Edge (O=minimum, 2.0=maximum) EDGE 0.35 1.0 0.71 1.0
Woody Growth Form (percent of stems)
Single Stem, large or small diameter SS 47.2 48.2 26.8 60.7
Multiple Stem, small diameter MSS 52.8 51.8 73.2 39.3
Multiple Stem, large diameter MSL 0.0 0.0 0.0 0.0
Slope, average (%)% . . SLOPE 0 0 0 0
Aspact, average azimuth {0-36 °)*V/_ 4 ASPECT flat flat flat flat
Tree/Shrub Diameter (cm dbh)¥N -— ¢ \Qf . DIAMETER 4 5 4 4
Distance betheen Trees/Shrubs . ~» .~ %7 DISTANCE 15.1 3.9 3.1 14.1
(>2.54 cm dbh definiony (m)*x.~ <% .
Distance between Trees (>4 6m he1ght) (m) TRDISTANCE 42.8 5.0 6.0 49.3
Tree/Shrub Height {m) v\ s /Mo HEIGHT 3.7 4.7 4.4 3.3
Distribution of Tree/Shrub Height (% in each class) .
>30 m o H>30 0.0 0.0 0.0 0.0
. <. 20.1-30 m - e % H20-30 0.0 0.0 0.0 0.0
- 10.1-20 m W .7 - H10-20 0.3 0.0 1.8 0.0
. 4.97-10m : R - HT 17.5 60.7 33.9 14.3
Y 2.5-4.6m R HTS 68.1 39.3 57.1 46.4
N 0-2.4 m HLIMS 13.4 O—8- 7.1 39.3
™ Height Diversity (H' ) HDIV 0.853 0.670 0.947 1.001
-4no Enghwckness (m) N Dy THICK 2.7 3.7 3.3 2.9
Fotad Canopy Coverage L=t shyletocs CANOPY 22.5 25.7 42.9 4.3
Jf- 1str1butlon of Foliage Volume (% in each class) , ~
A >4.6 mt FV4 4.0 0.0 4.7 0.0
2.5-4.6 mt FV3 19.4 17.6 39.1 3.7
1.1-2.4 mt o Fvz 21.6 25.5 28.1 14.8
0-1.0 mt FVvl - 54.9 56.9 28.1 81.5
Foliage Diversity (H')T FDIV - .107 0.975 1.224 0.571
(o : ?CG 39709 H274¢, lzz77
Brush Density,=6-1.0 m teigh (stems/ha) BRUSH 2*‘%4? 26335, 3353, 55
Tree/Shrub Densit >2 54 cry dbh (stems/ha [”‘fRD”NS 44 672 . 1012 50 .
> FERRE SRR ALY (stens/ha)f ENS, i
D1str1but1on of Tree/Shrub ensity (% in each class)
N >4.6 m {tree layer) _ i oT 14.4 43.6 32.1 _ 0.7
Sw8.G 2.5-4.6 m (tall shrub layer) o 5..-./* o DTS 72.2 56.4 60.8 - 50.0
e 1.1-2.4 m (medium shrub layer) 7 .. DLMS 13.4 0.0 7. 39.3
Density Diversity (H') o DDIV 0.787 0.685 0.855 0.953
Basal Area of Trees/Shrubs (cm?/ha)* —~ BASAL 740 14794 29528 811
Tree and Tall Shrub Species Relative Importance?(%) . -
Wnite Spruce* WSPRUCE 16.7 2.6 30.4 66.1
Black Spruce* .- BSPRUCE 0.0 0.0 0.0 0.0-
Paper Birch* . " BIRCH 1.8 16.5 0.0 0.0
Quaking Aspan* ' f ASPEN’ 0.0 0.0 0.0 0.0
Willow* ‘ ' WILLOW 18.9 47.1 69.6 33.9 £
Balsam Poplar* s, O ' POPLAR 26.0 33.8 0.0 0.0
Alnus incanc* v IHCANA 36.6 0.0 0.0 0.0
Alnus crispa* CRISPA 0.0 0.0 0.0 0.0
Tree/Tall Shrub Diversity (H')+ TSDIV 1.404 1.113 .0.614 0.640
Stand Age (ycars) . (Tow/r2d shrub)(tall shrub) b4
Mean Age LT MAGE 148 82 27 42 44
Maximum Age e XAGE 200 180 36 " 65 60
ff ex of FeLerogene1ty (stemS/DIST)ﬁ SHET 97.9 27.7 53.3 T4.7
““fhdex of Heterogeneity (trees/TRDIST)*t THET 76.7 36.5 56.1 6.2

*See Ohmann and Ream (1971)
“See MacArthur (1954) -
**See James and Shugart (1970)
t¥See Roth (1¢76)~. .
Cee Cotse ged CaTu(756)
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Table 1. (cont'd)
T ' 'DECIDUOUS FOREST
Upland Upland Upland Unland Upland
e Variable Symbol Ahspen-Feoplar  Aspen #1 Aspen #2 Birch #1 Birch #2
Ground Cover {in percent) ’
Grass GRASS 17.5 6.1 5.3 10.7 7.6
Harbs "Forbs Feotn HERBS- 5.0 12.0 14,7 12.0 17.7
S Moss and Lichens- - MOSS&L » 3.8 2.0 6.6 8.1 12.7
0 Daarf Skrub (<0.5 h1gh) DSHRUB 37.5 47.2 29.3 22.6 17.7
Litter- LITTER 26.2 32.7 44.1_ 46.6 44.3
Water, standing WATER 0.0 0.0 0.0 0.0 0.0
Fire Evidence (O=minimum, 2.0=maxirum) FIRE 2.0 1.14 2.0 1.76 0.5
Edgé'20=minimum, 2.0=maxinum) EDGE 1.0 0.33 0.71 0.14 0.0
Woody Growth Form (percent of stexs)
Single Stem, large or small ciamater SS 75.0 91.3 96.4 37.0 60.7
Multiple Stem, small diameter MSS 8.s 5.9 0.0 40.5 28.6
Multiple Stem, large diameter MSL 16.1 2.8 3.6 22.5 10.7
Slope, average (%)* SLOPE 25 23 24 23 24
Agpect, average aZ1muth (O 360°)* ASPECT v 215 199 264 242 283
?ﬁee#Shrub_Dlarﬂtey.(cn cbh)* DIAMETER» 13 12 9 12 11
Distance between Frees/Shrubs<c. ~ DISTARCE 2.9 2.8 1.7 2.9 2.4
-(>2.54 cm dbh eefiritiont (m)XF
Distance between Trees (>4 6 m height) (m) TRDISTANCE 2.9 2.9 1.7 3.2 2.6
»Tree/Shrub-Helght—{n) A HEIGHT 12.0 11.7 10.4 10.4 10.1
+. ! Distribution of Tree/Shrub-Heights ZE&wa T0.00¢, "¢
. (% in each class) - .
>30 m H>30 0.0 0.0 0.0 0.0 0.0
20.1-30 m H20-30 3.6 0.0 0.0 3.3 0.0
10.1-20 m H10-20 58.9 60.7 53.6 38.3 48.2
5.0 47-10m HT 26.8 34.4 39.3 42.9 42.9
2.5-4.8m HTS 10.7 4.3 - 7.1 14.3 7.1
o, 0-2.4m HLMS 0.0 0.6 0.0 1.3 1.8
Height Diversity (H') HDIV 1.023 0.836 0.889 1.178 0.975
Canopy Thickness {m) e =) THICK 6.4 5.4 4.6 7.7 6.3
_ Total Canopy Coverage (% of sky Shisrved)**  CANOPY 74.3 1.2 75.7 78.6 81.4
<~ Distribution of Foliage Volume '
. % in each class)
254>§£:$ mt FV4 65.2 65.2 66.2 56.2 60.6
2.5-4 ? a0 FV3 9.1 9.7 9.1 21.2 17.0
19-2.4 ot . Fv2 7.6 8.6 7.8 8.6 8.5
0-1.¢ m* Jt FV]V 18.2 16.5 16.9 14.0 13.8
Foliage Diversity (H' FDI 1.00 . - .9 .
g y { 23kt 3 ,qu 013 9;;,0 91 ace 1 13 ,778& 038
Brush Dens1ty, 0:1.0 m high (stems/ha) BRUSH == L2584 - 7 55
Jree/Shrub~Den51ty,—>2 54 cm dbh {ste: S/h’)é#>TRDENS 1225 1243 3403 1158 1696
L Distribution of FreefShrub Density ~ 7 . - T v L ‘
1 (2 in each class) )
z€<>s4=6 m_{tree layer) DT 83.9 94.1 87.5 81.1 89.3
2.5—453 m (tall shrub layer) DTS 16.1 5.4 12.5 17.6 8.9
13-2.4 m {medium shrub layer) DLMS 0.0 0.5 0.0 -1.3 1.8
Density Dlver51ty (H ) DDIV 0.441 0.24] 0.377 0.532 0.389
Basa] Area of~1ﬁe‘s¥ahru,s (an/ & BASAL 2056382 168679 279860 183793 187515 -
Tree-and Tan Shrub Spec1es Relative
Importance—{3) = (- =%
White Spruce* WSPRUCE 0.0 14.3 7.0 2.5 3.9
Black Spruce* ESPRUCE 0.0 0.0 0.0 - 0.0 0.0
Paper Birch* BIRCH 0.0 1.1 0.0 53.8 55.9
Quaking Aspen* RSPEN 58.5 72.7 76.6 1.1 0.0
Willow* WILLOW 16.3 9.1 6.3 . 16.9 24.9
Balsam Poplar* POPLAR 25.2 1.9 10.1 * 0.7 0.0
Alnus ir_:gr:a* INCANA 0.0 0.0 0.0 0.0 . 0.0
Linus eriopa* _ i CRISPA 0.0 0.9 0.0 "~ 24.9 15.3
o~ Tree/Tall Shrub Diversity (H')? TSDIV 0.857 0.895 0.736 1.157 - 1.085
; and Age (years) )
" Jean Age MAGE 100 96 59 84 58
Maximum ﬁge XAGE 105 : 107 72 125 76
Index of Heterogeneity (stems/DIST)** SHET 13.2 22.0 44 .1 - 320 32.4
Index of Heterogereity (ire es/TRBIST) THET 13.2 20.8 44 1 28.4 20.8




Table 1. {cont’'d) .
‘ i M)\ED D"CIDJOUC CO.IrEPOUa fOPEST
o~ Upland Upland
T : ~ Upland Aspen- Upland Birch- VWhite Spruce- White Spruce-
S Variable Fym?gr White Spruce Uhite Spruce hspen-Birch "Toothpick" Birch
Ground Cover (in percent) ’ .
‘G{ass* ,GRAS 14.6 10.2 2.7 1.2
Herbs - ;HERB - 10.1 13.2 10.7 . 8.9
Mos and Lichens* - HMOSSEL ’ 14.6 19.2 17.9 11.4
rf\‘hrub (<0.5 high)* \DSHRUB 19.1 15.0 . 38.3 27.8
ptter* LITTER 41.6 42.4 . -30.4 50.7
o---Hater, standing* NATER . 0.0 0.0 0.0 0.0
“FireShridemce(O=mwinimum, 2.0=raxirum) {IRE 2. 0.0 2.0 2.0
—_Edge~{B=minimum, 2. 0zmaximum) s EDGE 0.25 0.04 0.2 0.1
Woody~Growth Form (penpent of stess) 1 [
S:QEl\ Stem, large or small dizmeter SS 84.4 62.3 47.5 78.5
Mu1t1p{§ Stem, smg]l diameter Mss 7.8 28.5 50.0 3.6
Hu1t1pl Stem, lairge diameter M?L 7.8 9.2 2.5 17.9
~saope—aveme-(,,)* <LOPE 32 17 23 19
ﬂspect"average-a¢1muth (O 360°)* ASPECT 105 282 292 184
TZ-tv. Tree/Shrub Diameter (cm dbh)* DIAMETER 11 . 1 9¢: 9
Distance between Trees/Shrubs KSTANCE 2.6 2.6 2.7 2.1
(32f54.pp dbh definition) (m)* {\
Distance betwzen Trees (>4.6 m height) (m) TQDISTANCE 3.0 3.0 2.
Tree/Shrub Height (m) HEIGHT 10.0 10.2 2 8.6
Dlstrlbut1on of Tree/Shrub ‘Height !
in each class) P
>30 m H>30 0.0 0.0 0.0 -~ 0.0
.1-30 H20-30 &7 6.6 0.0 0.0
10% -20 m H10-20 32.8 38.0 25.0 25.0
4.7~ HT} 43.8 33.9 41.3 64.3
PN p4Ela.L HTS 18.8 20.4 — 32.5 8.9
0-2.4 m HLMS 0.0 1.0 1.3 1.8
Height DiVErsiﬁy (H*) HDIy 1.185 1.284 1.134 0.¢18
Canopy Thickness (m) THICK 6.6 7.7 5.5 5.9
Total Canopy Coverage (% of sky ciserved)** CAN@PY 68.8 78.8 57.0 78.6
Distribution of Foliage Volume i !
(% in each class) Lo
>4.6 mt FV4: 53.9 54.2 30.4 52.6
. 2.5-4.6 m' FV3, 19.7 20.4 31.3 20.5
1.1-2.4 mv Fva: 10.5 11.6 24.1 11.5
0-1.0 mt + FV1: 15.8 13.8 14°.3 15.4
Foliage Tiversity— —_ 2.5, N FDIV .1.181 1.179 1.347 1.200
9 AL <& h, ) [l 7. 03] 1%, 41 12,2.27
Brush Density, 0-1.0 m h1gh (s;:rs/ a) BRUSH 1426 2555 32— 9523
__\_’T_\TTEEfshrub.Dcﬂ54{y1—>2154—cm Cﬁh~<:tens/ha) TPDE&S— 1451 1443 1372 2178
Distribution of Tree/Shrub Density Py )
% in each class) |
>4.6 m (tree layer) DT | 78.1 74.5 61.2 87.5
2.5-4.6 m (tall shrub layer) DTS: 21.9 24.5 37.5 12.5
1.1-2.4 m {medium shrub layer) DLMS 0.0 1.0 1.3 0.0
—Pensiiy-Siversity--OH) m QDIV 0.326 0.405 0.725 0.377
Basal Area of Trees/Shrubs (cn‘/nu) BASAL 218077 227359 139768 184042 .
Tree .and Tall Shrub Species Relative oo
Importance (%) L S
Vhite Spruce* WSPRUCE 29.8 30.1 36.1 43.5
Black Spruce* BSPRUCE 0.0 0.0 0.0 0.0
Paper Birch* BI1RCH 2.7 44.6 8.6 37.5
Quaking Aspen* ASPEN 41.1 0.0 2.5 3.8
Willow* WILLOW g.7 3.4 24,9 15.2
Balsam Poplar* . - . POPLAR 16.7 0.0 3.5 0.0
ﬁL?ulS "7”"71.’1*_\-- s -“‘ THCANA _ 0.0 0.0 0.0 0.0
7T Alrus ericpa* - ) CRISPA 0.0 21.9 "17.5 ~ 0.0
: TreefTaii—Shrub U\verb.L) 5 TSDIy 1.359 1.169 1.571 _1as
~rad .
Stand Age (yezrs) ! (surn 1) 8oth (Burn2) )
‘ean Age HAGE} 63. 106 91 57 54 50
thlFUW kge YAGE‘ 80 130 57 75
Index of neuarocene1ty {siers SHET g. 30.7 37.9 £2.0
Index of Hetercgeneity (txeec»u‘.. TFET 3¢.8 32.3 14.6 62.0
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Table 1. {cont'd)

CONIFERQUS FOREST

. 10

SCATTERED WCODLAND
FND TWARF FOREST

T ™

22.

VI
‘ ~ Lowlend
7 Upland White Upland White Upland Upiand Black Spruce-I-
' Variable Symbol  Spruce #1 Spruce #2 Bilack Spruce  Spruce ‘Bog Wood1:
Ground Cover (in percent) A
Grass* - GRASS 11.9 5.2 1013 21.0 7.?
Herbs* =% - et T -HERBS "11.3 i0.4 12.7 13.9 €.2
Moss and Lichens* MOSS&L 38.1 49.3 38.0" 25.7 18.¢2
Dwarf Shrub {<0.5 high)* DSHRUB 22.6 7.8 29.%1 - 30.2 58.C
Litter* LITTER « 15.9 27.3 10.1 8.1 Q.2
Vader, standing* WATER 0.2 0.0 0.0 1.1 0.¢C
Fire Evidence (O=minimum, 2.0=maximum) FIRE 0.14 0.86 0.0 0.0 1.25
Edge {O=minimum, 2.0=maximum) EDGE 0.0 0.29 0.3 0.1 1.0
Woody Growth Form (percent of stems)
Single Stem, large or small diamster ) 88.5 86.5 98.2 98.2 103.0
Multiple Stem, small diameter MSS 9.5 7.0 1.8 1.8 6.0
Multiple Stem, large diameter MSL 2.0 7.0 0.0 0.0 0.0
Sldche, averzge (%)* SLOPE v 29 38 8 2 0
Aspect, average azimuth (0-360°)* ASPECT ™ 165 283 185 224 flat
Tree/Shrub Diameter {cm dbh)}* DIAMETER 16 16 8 5 5
Distance between Trees/Shrubs DISTANCE 3.3 2.7 1.9 1.7 4.9
(22.54 cm dbh definiticn) (m)*
Distance between Trees {>4.6 m height) {(m) TRDISTANCE 3.7 2.9 2.4 .4 9.
Tree/Shrub Height (m) HEIGHT 14.6 15.0 6.7 3.6 3
Distribution of Tree/Shrub Height .
% in each class) :
>30 m H>30 3.8 0.0 0.0 0.0 0.0
20.1-30 m - H20-30 29.1 37.5 0.0 0.0 0.0
10.1-20 m H10-20 24.2 26.8 l12.5 0.0 0.0
N 4.7-10m HT 28.1 19.6 60.7 19.6 2.9
2.5-4.6m HTS ‘14.5 12.5 23.2 67.9 35.7
0-2.4m HLMS 0.3 3.6 3.6 12.5 21.4
Height Diversity (H') HDIV 1.481 1.420 1.022 0.842 1.061
Canopy Thickness (m) THICK 12.3 1.7 4.9 2.6 2.9
Total Canopy Coverage (% of sky observed)**  CANOPY 61.2 74.3 40.0 15.7 1.4
Distribution of Foliage Volume
(% in each class) .
>4.6 mt FV4 51.0 57.5 28.6 2.9 0.0
2.5-4.6 mt FV3 16.9 16.3 22.2 11.8 5.9
1.1-2.4 mt FV2 13.3 16.3 22.2 35.3 11.8
0-1.0 m* s FV1 18.8 10.0 27.0 50.0 . 82.4
Foli Di ity (H' FD : . . .3 . .5
1ag? iversity ( ') ' v %,2_2) 226 ’5_451.‘)140 204{3{/380 21?](’ 069 GSNO 579
Brush Density, 0-1.0 m high (stems/ha) BRUSH €229 11992 15874 25044 . 52
Tree/Shrub Density, >2.54 cm dbh (stems/ha)* TRDENS 904 1357 2899 3403 424
Distribution of Tree/Shrub Density .
(% in each class)
>4.6 m {tree layer) DT 82.6 80.3 69.6 12.5 32.1
2.5-4.6 m (tall shrub layer) DTS 17.1 - 16.1 26.8 -~ 75.0 42.9
1.1-2.4 m (medium shrub layer) DLMS 0.3 3.6 3.6 12.5 25.0
Density Diversity (H') DDIV 0.477 0.590 0.725 0.736 . 1.074
Basal Area of Trees/Shrubs (cm”/ha)* BASAL 287809 427725 186724 71198 18825
Tree and Tall Shrub Species Relative ' r
Importance (%)
White Spruce* WSPRUCE 74.0 66.6 9.5 0.0 73.4
Black Spruce* BSPRUCE 0.5 0.0 86.2 100.0 7.9
Paper Birch* BIRCH 5.9 15.5 0.0 0.0 18.8
Quaking Aspen* ASPEN 7.0 0.0 0.0 & 0.0 - 0.0
Willow* WILLOW 0.0 0.0 0.0 0.0 0.0
Balsem Poplar* POPLAR 0.0 0.0 0.0 . 0.0 0.0
7 Alrus incana* INCANA 0.0 0.0 0.0 0.0 : 0.0
/ Alnus erispa* . . CRISPA 12.6 17.9 4.3 0.0 - 0.0
Kaaed Tree/Tall Shrub Diversity (H')" TSDIV 0.8563 0.668 0.487 0.000 * 0.742
Stand Age (years) .
Mean Age MAGE 166 160 154 5 124
Maxizun Age XAGE 200 185 250 65 190
Index of Heterogeneity {stems/DIST)™™ SHET 28.6 27.9 20.4 441 27.7
Index of Keterogeneity {trees/TR2IST)*T THET 25.8 24.1 0 99.5 42.6

.
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Table 2. (cont'd)

SR ' . .'q.

R

LOW AND MEDIUM TALL MIXED DECIDUOUS- CONIFEROUS SCATTERED WOODLAND
SHRUB THICKETS SHRUB THICKET DECIDUOUS FOREST CONIFEROUS FOREST FOREST AND DWARF FOREST

(LMs) (15) (OF) . (MF) (CE) (D)

' |
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3¢ 3% 3z 8% 8% 3% 3% B2 Sz 55 55 85 82 8¢ 5% 85 8% 3z 34

124

Ribcs sp. 6 7 24 7 28 6
Rosa acicularis 3 41 14 57 35 29 76 57 38 77 3,93 47 14 43 57
Eubus idacus 3 7
Salix myrtillifolia 26 21 =~ . ’ . 14
Shepherdia canadensis 38 7 76 86 7 56 5 29 12
Vaceiniwm uliginosum 18 29 22 7 14 8 1 %0 1 86 86 100
Vaceintum vitis-idaea ’ 21 - 79 "~ 35 68 18 7 13 15 5. 14 91 29" 100 100 100
Vibermm edule 43. 19 2} 6 1 5 43 "
f
HERBS-
Acenitim delphinifoliwn 43
Amerorchis rotundifolia 17
Anaphalis sp. 6 .
Ancmone richardsonit - 3 9
Aster sp. 6 8
Astragalus sp. 43
Bosehniakia ressica
Calla palustris 6 3
Caltha paluctris 6 9
Castilleja caudata 7 ) 1
Corallorrhiza trifida ’ 1
Cornus ecanadensis ‘ 2
Eptlobtim angustifolium 43 9 79 29 71 74 100 60 93 75 43 60 57 16 7
Equisetwn arvense o2 1 7 4 10 6 + 50
Equisetwn fluviatile 37 22 7 4
Bquisetwn palustre 56 : _
Equisetun pratense ' 7 50 -~ 7 6 71 60 7 42 64 36
Equigatum seirpoides 34 ! 47 50 21 72 57 55 57 44 33 65 50 45 36 86 21 79
Equisétum silvaticun ) 41 . 71 ' 1 14
Genliana Sp. 3 )
Geocaulon lividum 16 7 50 54 7 1 50 28 60 14 84 79 93 43
Gown Sp.
Goodyera ,repeng T, : 2
Iris sctosa 3
Luptnus arcticus , T 100 33 64 31 26
Lycopodivm annotinn . 7 2 4 4 10 2
Mortensiana paniculata . 29 . 93 55 79 83 100 63 18 40 £6 20 43 36 7
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Appendix Table A-2. Weights of common interior Alaska breeding birds,

— »

obtained from University of Alaska Museum specimens collected

during the breeding season, from Hest and Dellolfe (1974, Table 5)

and from calculations based on Carbyn (1971, Table 1).

Species Weight (g) Source
Mallard T o117.8 UAM (Univ. Alaska Museum)
Pintail 856.1 UAM
Green-winged Teal 336.8 UAM
American Wigeon 815.6 UAM (905.2), LSU (726.0)
Morthern Shoveler 609.9 UAM (775.7), LSU (444.0)
Sharp-shinned Hawk . 160.0 UAM
American Kestrel 124.5 UAM
Spruce Grouse 561.2 UAM _
Ruffed Grouse 593.6 UAM
Sanc¢hill Crane 2681.0 UAM
Common Snipe . 97.3 UAM
Solitary Sandpiper 51.5 UAM
Lesser Yellowlegs 80.5 UaM
Northern Phalarope 33.4 UAM
Mew Gull 432.8 UM
Great Horned Owl 14165 UMM '
Hawk Owl 341.7 UAM
Common Flicker 177.0 UAM
Hairy ‘oodpecker 74.0 UAM -
Downy Yoodpecker 25.8 UAHM
Morthern Three-toed ‘Yoodpecker 56.9 UAM )
Alder Flycatcher 12.6 UAM (12.3), Carbyn (12.0)

liest & Dellolfe (13.6)

Hammond's Flycatcher 11.0 UAM .
Olive-sided Flycatcher : 34,1 UAM ’

Tree Swallow 18.0°  UAM (18.4), LSU (17.6)







Appendix Table A-2. (cont'd)
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épecies

Weight (g)

" Source

=—Tree Sparrow
White-crowned Sparrow

Fox Sparrow

LincoIn's Sparrow ’ -

17.9
20.0

36.6
15.8

-

UAM :
UAM (23.7), West & Dellolfe
(25.0)

UAM (15.7), Carbyn (1€.0)

-
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Appendix Table A-3. Chronology of six months of field work, 1977,

) Tetliﬁ Juncticn-Northway study area, Alaska.

=17

18
21
28

13

14

15

16

19
21
25

26

May

May
May
May

June

June

June
June

June
June

June

June

June
June

June

June

Commenced field work, most trees and shrubs not yet green
Larger lakes still ice-covered, rivars and ponds ice-free

Selected potential bird census plot locations

Began surveying census plots
Began censusing plots -
Most tree, shrub, and herbaceous vegetation had green foliage

Dark-eyed Junco nest with eggs
White-crovned Sparrow nest with eggs
Tree Sparrow nest with eggs

First Fox Sparrow fledglings
Lesser Yellowlegs nest with eggs

Orange-crowned Warbler nest with eggs -
Hatching Cark-eyed Junco

Boreal Chickadee observed feeding young, still in nest cavity -
Black-capped Chickadee adult observed entering nest cavity

Pintail nest with eggs

First Dark-eyed Junco fledgling

First hatching Lesser Yellowlegs
First Rusty Blackbird fledgling
Common Flicker nest with eggs

First hatching Orange-crowned Yarbler

First Varied Thrush fledgling
First brood of Lesser Scaup ‘ -

First Tree Sparrow fledglings
First Hermit Thrush nest with eggs

Mallard brood
First hatched Yellow Warbler

S

Alder Flycatcher nest with eggs
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Table A-3. (cont'd)

R

27

28

29

10

13
17

18
23

June
June
June

July

July

July
July

July

July

July

July

July

July

July

First Orange-crowned Warbler fledglings .-
Horned Grebe nest with eggs

First Swainson's Thrush fledglings
Pintail brood

First Savannah Sparrow fledglings
First Ruffed Grouse.young out of nest

First Bohemian Waxwing fledglings

First Yellow-rumped Warbler fledgling
First brood Green-winged Teal

First flight-capable immature Sandhill_Cranes

First Red-necked Grebe brood

First Northern Shoveler brood

First Bufflehead brood

First Horned Grebe brood -
Flightless, molting adult Mallard seen

First Canvasback brood seen

Juvenal Gray Jay molting to first winter plumage
Gray Jay family groups dispersing; young independent
First Brown Creeper fledglings

Boreal Chickadee fledgling

First Townsend's Warbler fledgling
First Arctic Loon young

First Greater Scaup brood

First Comsion Goldeneye brood

First Bonaparte's Gull young

First Arctic Tern young

American Wigeon brood
First flight-capable Lesser Yellowlegs young

Ruby-crowned Kinglet fledglings

Rusty Blackbird adults molting to fall plumage
First White-winged Scoter brood

-

Cliff Swallows feeding young

Semipalmated Plover young
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24 July

p—

25
27

2
10
14

16

18
21

24

10
11

12

16

'.;‘ 7

July
July
Aug
Aug
Aug

Aug

Aug
Aug

Aug

Sept
Sept
Sept
Sept
Sept

Sept

Sept

First fall migrant--Baird's Sandpiper, Least Sandpipér
First flightless adult and immature Canada Geese
First Whistling Swan--lone straggler '

First flight-capable immature Common Snipe

First Blue-winged Teal brood

last
Last

Last
Last

Last
lLast

Last

Last
Last

Last
Last
Last
Last
Last
Last
Last
Last

Last
Last

Last
Last
Last
Last

O0live-sided Flycatcher
Mew Gull

Hammond's Flycatcher
Townsend's Warbler

Alder Flycatcher
Cliff Swallow '

Solitary Sandpiper

Spotted Sandpiper
Bank Swallow

Orange-crowned Warbler
Common Flicker
Sharp-shinned Hawk
Brown Creeper

Belted Kingfisher
Arctic Loon |
White-fronted Goose
Green-winged Teal

Hermit Thrush
Northern Shrike

Red-necked Grebe
Horned Grebe
Pintail

American Wigeon

e
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Table A-3. (cont'd)

16

18

19

21

22

23

27

13
14

17

18

19

Sept

Sept

Sept

Sept

Sept

Sept

Sept

Oct

Oct
Oct
Oct
Oct

Oct

Oct

Last Horthern Shoveler c -~
Last Canvasback ‘

Last Lesser Scaup

Last Bufflehead

Last Common Snipe

Last Swainson's Thrush

Last Yellow-rumped Warbler

Last Wilson's Warbler d
First snowfall at Riverside Lodge
Last Cormion Goldeneye

Last Blue-winged Teal

Last American Kestrel

Height of autumn foliage color on deciduous trees

Last Merlin
Last Peregrine Falcon

Last Bald Eagle

Last Varied Thrush

Last Ruby-crowned Kinglet
Last Water Pipit ‘
Last White-crowned Sparrow
Last Sandhill Crane

Last Pine Siskin

Last Fox Sparrow

Most leaves off deciduous.trees and shrubs
Last Golden Eagle .

Last Marsh Hawk

Last Rusty Blackbird | -
Last Canada Goose

Last Wnistling Swan

First hcavy snowfall (= 10 cm), first lasting snow cover

Tanana River frozen completely P
Last Red-breasted Merganser

Last Rough-legged Hawk
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~Appendix Table A-3. (cont'd)

27 Oct Last Tree Sparrow - -

. =28 Oct Last Starling
: First Black-billed Magpie

29 Oct | Last Dark-eyed Junco

30 Oct Last American Robin,

3 Nov Last observation of waterfgﬁ1——3 Mallards on Tanana River
4 Nov Llast Snow Buntings

13 Nov  Depart Riverside Lodge Field Station







Appendix Table A-5. Climatic characteristics at Northway, Alaska, May-September 1977. %'
(Source: U.S. NOAA 1977)

May June July  August  September  October '

Temperature |
Mean maximum temperature (°F). 55.9 65.7 70.4 72.2 53.5 29.9
Mean minimum temperature (°F) 33.3 43.5 46.2 45.5 32.3 13.5
Mean temperature (°F) | 44.6 54.6 58.3 58.9 42.9 21.7
Departure from normal (°F) +0.2 -1.3 -0.2 +5.3 +1.1 -0.1

‘

Precipitation
Total (inches) ©1.98 2.14  0.97 0.62 ' 1.5 0.29
Departure from normal (inches) +1.18 +0.24 -1.56 -1.02 +0.39 -0.24 "
Number of days with >3.10 inches 9 8 3 3 1 g '
Day of greatest precipitation 5/26 6/21 7/15 8/26 9/22 10/18
(Inches on that day) 0.45 0.50 0.35 0.25 1.12 0.70

!
- .'

01
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Appendiy Toble A-6. EBreeding bird density and presence of non-breeding birds on 24 census plots, Janzna River

Valley, Alaska. Breeding densities are expressed in numbers of territories/10 ha and are based on six to
cight censuses on each plot during the breeding season (May-June). Plot-sizes varied from 1.61 to 10.0 ha.
Fairbanks plots (F) were censused in 1975; Tetlin Junction (T), Riverside Lodge (R), and Northway {N) plots
were censused in 1977, Yey: + = small portion of a breeding territory on census plot, counted as 0.1 in
drmsity and diversity calculations; v = a non-breeding visitor to plot; * = deletion {rom biomass and exis:
encrgy calculations, because of disproportionate influence caused by femily of heavy-bodied birds.

LOW AND REDIUM SHRUB THICKETS - -
— - !
- Lowland Low . Upland Low Lowland Tussock-
Plot: & Med Willow & Med Willow Lov & Med Shrub Bog
Location: . N R F

Species Size (ha): 4.25 1.61 10.00

Mallard +

Pintail -

Green-winged Teal +

Sharp-shinned Hewk

Fmerican Festrel

Spruce Grouse

Ruifed Grouse

Sandhill Crane +

Common Snipe 8.2 0.5 2.0

Solitary Szndpiper v

Lesser Yellowlegs 4.7

Great Horned Owl

Hawk Owl v

Common Flicker + v

Hairy Yoodgecker .
lorthern Three-toed Yoodpecker

Mder Flycatcher + 1.0

Rammond's Flycatcher v —_—

0live-sided Flycatcher

Violet-green/Tree Swallow v v

Bank Swallow v

Cliff Swallow v

Cray Jay v

Black-capped Chickadee :

Boreal Chickadee

Brown Creeper

fmerican Robin 1.2 2.3 v

Yaried Thrush

Hermit Thrush

Swainson's Thrush + v .
Gray-checked Thrush v 0.5

Ruby-crowned Kinglet v

Bohemian Waxwing v v v -

Orange-crowned Yarbler + 2.3 2.0

Yellow Yarbler 1.2 - o
Yellow-rumped Warbler

Townsend's Warbler

Blackpoll Warbler ‘
Horthern Waterthrush

Wilson's YWarbler -

Rusty Blackbird 2.4 v

Pine Grosbeak \ v

Common Redpoll v 0.5 v -
Pine Siskin

White-winged Crossbill -
Savannah Sparrcw 3.5 v F
Dark-cyed Junco 2.3 v

Tree Sparrow 4.7 5.0

White-crowned Sparrow 9.4 10.0 5.5

Fox Sparrow v

Lincoin's Sparrow 8.2 9.3 8.0 4

Total Dansity (territories/10 ha) 44 1 27.7 23.6

Total Eicmass (c/10 ha) 4050 1452 1138 ~
Total Existence Energy (k cal/l0 ha) 1518 635 516 -
Total Species; Breeding Species 26515 12;8 16:7

Species Diversity (H') 2.07 ©1.587 1.610

Species Evenness (J') 0.785 0.763 0.328

Deninance (%) 39.9 71.0 57.2 ~



o

o

109

fppendix Table A-6.  (cont'd)

s mmgrer —mm et e e RE T EE S SEEIZ $ TESS ST TR ST STIOTEACESW A TESS S S ES WD LT R wT R T T e e S T T

TALL SHRUB THICKET

TR T e X T TR

i

Lowland Tall Lowlznd Tall Upland - Lowland Tall
. Plot:  Alder-Willow Willcw-Poplar . Tall Willow Alder-Willow
»
3 - Lecation: N N - R F
Species Size (ha): 3.35 . 1.61 1.61  _ _ 10.00
Hallard + ) v
=Pintail 1.0
Green-winged Teal + 2.0
Sharp-shinned Hawk
merican Kestrel
Spruce Grouse
Ruffed Grouse
Sandhill Crane
Common Snipe : - 1.5 7.5
Solitary Sandpiper v - v 2.0
Lesser Yellowlegs 3.0 0.4 2.0
Great Horned Owl ”
Hawk Owl v
Common Flicker 1.0 0.5 v
Hairy Woodpecker
lorthern Three-toced Woodpecher
Llder Flycatcher- 10.5 .8 9.6 1.5
Hazmmond's Flycatcher v
0live-sided Flycatcher
Violet-green/Tree Swallow v
Bank Swallow ’ : ) .
C1iff Swallow v
Gray Jay + v v v -
. Black-capped Chickadee v
Boreal Chickadee v v — v
Brown Creeper .
American Robin 1.5 0.4 2.4 v
Varied Thrush
Hermit Thrush
Swainson's Thrush 4.2 v 4.8 1.0
Gray-cheexed Thrush + + . .0
Ruby-crowned Kinglet v v
Bohemian Maxwing : v v
Orange-crowned Yarbler 6.0 7.9 9.6 v
Yellow Harbier 16.4 15.7 10.0
Yellow-rumped Varbler v . v
Townsend's Warbler .
Blackpoll Yarbler 3.0
lorthern Waterthrush 4.8 . - 4.5
Wilson's Harbler
Rusty Blackbird : 3.0 Y 1.0 -
Pine Grosbeak v ’ v :
Common Redpoll v 3.9 : +
Pine Siskin
White-winged Crossbill v
Savannah Sparrow v 11.8 .V
Dark-eyed Junco v 9.6 2.0
Tree Sparrow 1.5 : 6.0
White-crowned Sparrow 3.0 7.9 4.8 1.0 -
Fox Sparrow 3.0 5.9 3.0
Lincoln's Sparrow 4.5 3.9 0.5 6.5 |
Total Density (territcries/Y0 na) 64.3 67.7 41.8 58.1 ’
Total Biomass {g/10 ha) 3544 2176 1596 5308
Total Existence Energy (k cal/10 ha) 1464 1141 e47 N 1658
Total Species; Breeding Species 29318 17511 98 T 32518
Species Diversity (H') 2.364 -~ 2.036 1.781 Z.584
Species Evenness (J') 0.218 0.54 0.856 0.2¢4 -
0.1

Dominance (%) 41.8 23.6 45.9
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{cont'd)

ST e
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= - Plot:
Location:

Species Size (ha):

= s

MIXED DECIDUOUS-COHIFEROUS FOREST
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P rETE e S Tmm S T —rm atm—sm T SmseIrT Eea-mm LT TEoS RST TR i ==

Upland Aspen-
White Spruce

N
1.84

Upland Birch-
Whité Spruce

N
.10.00

Upland ¥hite
Spruce-Aspen-
Birch

R
2.20

Lowland White e
Spruce-Black Spruce-"Toothpick"
Spruce-Birch Birch

F N

10.00 1.61

‘Upland Vhite

A——
Mallard
Pintail
Green-winged Teal
Sharp-shinned Hawk
American Kestrel
Spruce Grouse
Ruffed Grouse
Sandhill Crane
Common Snipe
Solitary Sandpiper
Lesser Yellowlegs
Great Horned Owl
Hawk Owl
Common Flicker
Hairy Woodpecker
Northern Three-toed Woodpecker
Alder Flycatcher
Hammond's Flycatcher
0live-sided Flycatcher
Violet-green/Tree Swallow
Bank Swallow
Cliff Swallow
Gray Jay

/ack-capped Chickadee

-
f

areal Chickadee
Brown Creeper
American Robin
Varied Thrush
Hermit Thrush
Swainson's Thrush
Gray-cheeked Thrush
Ruby-crowned Kinglet
Bohemian Yaxwing
Orange-crowned Warbler
Yellow tarbler
Yellow-rumped Yarbler
Townsend's “arbler
Blackpoll Warbler
horthern HWaterthrush
Wilson's Warbler
Rusty Blackbird
Pine Grosbeak
Common Redpoll
Pine Siskin
White-winged Crossbill
Savannah Sparrow
Dark-eyed Junco
Tree Sparrow
hite-crowned Sparrow
Fox Sparrow
Lincoln's Sparrow

Total Density (territories/10 ha)

7otal Biomass (g/10 ha)

Total Existence Energy (k cal/10 ha)

Total Species; Breeding Species
ecies Diversity (H')

i;u)éecies Everness (J')

Dominance (%)

~N ONON -
oM AEN L

.
N

1.0

8.8

35.9
1786
794
12;1
1.968
0.821
54.6

36.4
1958
832
19;14,
1.990
0.754
48.1

1.5
1.5
3.0

5.9
3.0
3.9
5.9

6.9

31.6

1630
703
9;8
1.954
0.639

40.5

0.5

0.5 v

oo
(S8,

N —d ~
oo o

28.6
1602
639 3
29,20,
2.323
0.775
42.0

4 o o o
=)

o o, ,o
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Appendix Table A-6. (cont'd)

e = mee T ST ASTETT RET

Plot:
R Location:

Size (ha):

—

Species
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CONIFEROUS FOREST
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CTAE T EIm-c TS T AT a2 s aTEaAT TW T omubTEIE i

Upland White
Spruce #1

T N |

10,00 1.61

Upland White
Spruce #2

Upland
Black Spruce

T.
1.61

Lowland _
Black Spruce

F
5.75

Mallard
=Ptntail
Green-vinged Teal
Sharp-shinned Hawk
American Kestrel
Spruce Grouse
Ruffed Grouse
Sandhill Crane
Common Snipe
Solitary Sandpiper
Lesser Yellowlegs
Great Horned Owl
Hawk Owl
Common Flicker
Hairy Woodpecker
Northern Three-toed Yoodpecker
Alder Flycatcher
Hammond's Flycatcher
0live-sided Flycatcher
Violet-green/Tree Swallow
Bank Swallow
Cliff Swallow
Gray Jay

. Black-capped Chickadee

Boreal Chickadee
Brown Creeper
American Robin

Varied Thrush

Hermit Thrush
Swainson's Thrush
Gray-cheeked Thrush
Ruby-crowned Kinglet
Bonemian Waxwing
Orange-crowned Yarbler
Yellow Yarbler
Yellow-rumped Warbler
Townsend's Warbler
Blackpoll VWarbler
Northern Waterthrush
Wilson's Varbler
Rusty Blackbird

Pine Grosbeak

Common Redpoll

Pine Siskin
White-winged Crossbill
Savannah Sparrow
Dark-eyed Junco

Tree Sparrow
White-crowned Sparrow
Fox Sparrow
Lincolin's Sparrow

Total Density (territcries/10 ha)
Total Biomass (g/10 ha)

Total Existence Energy (k cz1/10 ha)
Total Species; Breeding Species
Species Diversity (H')

Species Evenness (J')

Dominance (%)

-t

o<

0.5

[LIN
—

WO
P
[SaR5)

10.0

<< +<

3.5 3.0

26.9 21.3
1450 1030
566 432
21516 8;7
1.208 _1.363
0.652 T 0.700
48.3 70.9

0.5*

1.0

1.0

3.6
2.0

7.2

15.5
682
312

10,8
1.489
0.716

69.7

1.7

0.2

0.2

-0 N
~NO O

3.1

0.2

v
7.87
3.5 ’ -

22.1
1328
563
1741
_1.882
0.785
51.1 .
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Aopendiy Table A-6. (cont'd)

P = e

- Plot:
Location:

Species Size (ha):

= mE e T e s R T ATET S oTT Ts ms TTLe-mme

SCATTERED %00

=== - W

DLAND AND DWARE FOREST

Lowland White
Spruce-Birch
Voodland

N
1.61

Upland Black
Spruce Bog

R

© 1.6

Lowland Black
Spruce Bog

F o
4.25- ~

smemc rTm w2 e iR EE TED Iz mEmaeER ¢ ooT T

s==Ms1lard
Pintail
Green-winged Teal

Arerican Kestrel
Spruce Grouse

Ruffed Grouse

Sandhill Crane -
Cormon Snipe

Selitary Sandpiper
Lesser Yeliowlegs
Great Horned Owl

Hawk Owl

Cormon Flicker

Hairy Voodpecker
Northern Threz-toed Woodpecker
Alder Flycatcher
Hemmond's Flycatcher
0live-sided Flycatcher
Violet-green/Trea Swallow
Bank Swallow

Cliff Swallow

Gray Jay i
Black-cepped Chickadee
Boreal Chickadee

Brown Creeper

American Robin

Varied Thrush

Hernit Thrush
Swainson's Thrush
Gray-cheeked Thrush
Ruby-crowned Kinglet
Bohemian Waxwing
Orange-crowned larbler
Yellow Warbler
Yellow-rumped Warbler
Townsend's Warblar
Blackpoll Warbler
Northern Waterthrush
Wilson's Warbler

Rusty Blackbird

Pine Grosbeak

Common Redpoll

Pine Siskin
White-winged Crossbill
Savannah Sparrow
Dark-eyed Junco

Tree Sparrow
White-crowned Sparrow
Fox Sparrow

Lincoln's Sparrcw

Total Density (territories/15 ha)
Total Biomass (g/]O ha) .
Total Existence Energy (k cal/10 ha)
Total ‘Species; Ereeding Species
Species Diversity (H')

Species Evenness (J')

Dominance (%)

Sharp-shinned Hawk ‘

—_ W W w
~ >

wwow w
srOD &

0.3~

3.4

3.4

37.3
2218
937
15;12
2.262
0.916
31.6

0.3
0.3

1.7

5.0
3.3
1.7

6.6
3.3

22.2

1126
196

11;8
1.773
0.853

. 52.3

1.2
2.3

0.2

2.3

0.5

v
8.2
5.9

25.9
1404

531
12;10
1.534 -
0.698
67.5



