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ABSTRACT 
7 

Avian community structure, habitat occupancy levels, and species 

habitat use patterns were examined in the woody habitats of interior .. 
Alaska taiga. Forest habitats, especially coniferous forests, were 

depauperate during the breeding season compared to temperate forests or 
·' 

more southern portions of the boreal forest of North America, but tall . 

shrub thickets \·Jere 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 breedin~J season was inversely 

correlated with its overall abundance. 

Most bird species exhibited distinct habitat preferences during the 

breeding season, 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 ~elected habitats different from 

those used elsewhet·e in North America, e.g., HallllTiond's Flycatcher, 

Hermit Thrush, and Yellow-rumped Harbler \'lere primarily birds of the 

deciduous forests in interior Alaska. 

~- Key Hords: Alaska, taiga, avian community, habitat selection, avian 

populations. 
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Spindler and Kessel - 1 

I NTRODUCli ON 

Avian community structure, habitat occupancy levels, and species 

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

- River Valley, east-central Alaska, during the summers of 1975 and 1977. 

Few quanti1ative data have been available on the use by birds of taiga 

habitats in northwestern North A11erica. Populations and energetics in 

t\~o upland taiga communities of mixed vegetat'ion types near Fairbanks - . 

were examined by Hestand DeHolfe (1974}; population density and diversity 

and avian habitat selection in five lowland taiga mosaic vegetation 

types near Fairbanks were studied by Spindler (1976); and species campo;.. 

sition, abundance, and some structural components of bird populations in 

eight vegetation communi:ies in the Kluane National Park, southwest 

Yukon Territory, were studied by Theberge (19:76). In a more comprehensive 

work, 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, 
... 

122°39'W), over 1000 km southeast of our~study area. 

-· -------~~-------~---·~---
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STUDY AREA 

,. 
The upper Tanana River Valley region includes the ~owlands 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 ~variety of widely distributed vegetation 
"' 

types. The uplands co1tain all stctges of for·est succession, from sapling 

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

*Plant nomenclature follows Hult~n (1968), with the exception of the 

genus Salix, which follows Viereck and Little (1972). English names of 

birds follovJ the American Ornithologists• Union's Check-ITst of North 

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

Poplar (f.. ba 1 sam if era), Paper Birch (Betu·@.. papyri fer a), Hhite Spruce 

(Picea glauca), and B-ack Spruce (Picea mariana). Extensive pw·e 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 \•Jillow and alder) in addition to fm-ests, woodlands, 

and d\'1arf forests. The lo\'Jlands are a mosaic of v;etlands (rivers, 

lakes, ponds, and marshes), meadows, and bogs in addition to shrub 

thickets, woodlands, and forests in various stages of succession. The 
4 

complex patterns of ~egetation types in the taiga arise from sue~ inter-

----···----...._..,..,--____,...,..,.___,___-.,--__ _ 



Spindler and Kessel - 3 

; related factors as fire, permafrost, alluviation, soil type, slope, 

aspect, and water relations (Viereck 1970, 1973, 1975). 

"' -Approxi~ately 42% cf the total area of the upper Tanana River 

_Va 11 ey region is coverec by Coniferous and 1·1'i xed 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-dat~ in Hutchinson 1967 and Hegg and Dippold 
.. 

1973). .... 

The r.~a in research J 1 ots for this study \'Jere betv;een Tetlin Junction 

) 

Supplemental data have been added from several lowland taiga plots near 

Fairbanks, 360 km dm·m 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 (1979), except that the three lm·1er heig~t shrub 

layers (~ 2.4 m), whic1 rarely occurred in homogeneous stands large 

enough to census quantitatively, were combined into a single habitat of 

L0\'1 and l·:edium Shr'ub Thickets. 

Hithin each of the major habitats, we censused birds and sampled 

vegetation and physical features in several plots in prevalent vegetation r 

types typical and representative of that !ilajor habitat. Large homogeneous 

stands able to enco~pass a 10-hectare census plot were difficult to 

-----------.---__,____,..... _____ _ 
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locate, but at least one such plot was established in each major habitat. 

In addition, a number of smaller 11 miniplots 11 (1.6-5.8 ha) were established 
~ 

to fiicrease·sample size and the variety of vegetation types that could 

_be sampled, even though we recogniz~d that small census plots are generally -undesirable because of edge effect and high variability (Oelke 1966, 

Erskine 1977). 

Four 10-ha plots and 15 piniplots were studied in the Tetlin 
.. 

Junction-Northv1ay area in 1977, ancLdata from three 10-ha plots and tv;~o 

miniplots near Fairbanks, obtained in 1975 by Spindler (1976), have been 

incorporated where applicable. 

Bird Censusing 

He used a modification of the territor·y mapping cens.H-S method 

(International Bird Census Committee 1970). Each 10-ha census plot was 

subdivided by a 7x7 grid, 1·esulting in forty--nine 0.2-ha subplots; 

miniplots consisted of seven to ten 0.2-ha subplots. In all, 331 subplots 

were censused in 1977, and some data have been used from 196 subp)ots 

censused in 1975. 

During a census, the observer stopped at the center of each sub~lot 

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 beh1een 29 Hay and 9 Jtly 

---~-,.·------......-----------------
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1977. Censuses were conducted in pairs of two consecutive days at each 

plot in an attempt to minimize the effects of changing territorial 
,. 

boun'Baries. - Census methods on the miniplots 1·1ere identical to the 10-ha 

_plots, except that censusing starte~ 13 June ~nd was completed 13 July 

1977. Six to nine censuses were completed on each miniplot. 

In addition to de~erm i ning the number of breeding territories of 

each species, we also recorde_9 non-territor ial and non-breeding birds 
.. 

and calculated an index of abundanc,e based on the mean number of birds 

observed per census. This index was used to compare abundance of permanent 

resident non-territorial species or those that bred asynchrqnously from 

the majority of sum~er resident s~ecies. 

Densities on the miniplots were extrapolated to a 10-ha basis and) 

using a linear regression equation, \·:ere adjusted for ed~effect and 

other confounding effects of small plot size. Miniplots were generally 

near 10- ha plots i n similar vegetation types, so we were able to develop 

the regression equation for each vegetation type to identify the relation-

ship between density of each species/minipl ot and density/10-ha p~ot. 

In determining mean popul at ion characteristics of a habitat, miniplots 

and 10-ha plots were treated equally. 

Habitat Description 

The bird census subplots were used as sample units in vegetation 

analyses. Two systematically located po ints in each subplot were samp led, r 

usin~ the point-centered quarter method of Cottam and Curtis (1956), but 

; 
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including more detailed sampling of ground cover, understory, and shrub 

vegetation. Fifty-one variables were measured at each sample point. 

~n using the point-centered quartef method, all measurements were 

based on selection of the nearest st~m ~5.4 mm in diameter. lnis 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 densitJ. Percent ground cover for each of six 

categories--grass, forb, moss and licfien, dwarf shrub, forest litter, ... 
and water--was estimated visually inside a 1 m radius circle around the 

sample point, and ground cover species Here recorded and analyzed for 

frequency of occurrence. Evidence of fire and edge were quantified as a 

0-1 index; aspect was ~easured with a compass. Slope and stem heighi 

were measured with an Jl..bney 1 evel. Canopy thickness' was tile distance 

betv1een the top of the stem and its lowest llive branch. Brush density 

vJas 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 l m above ground through a 100 mm 

diameter circle. Stand ages Here determined by increment borer samples 

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 was quantified with a 5.0 m­

tall stick marked according to the three height classes; an imaginary 

cylinder 1 min radius was circumscribed around the stick, and th' 

~---···---------~.....,_-------~-·-----·--
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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 re.lative dominance of the species in 

--- the stand (.Curtis and ~1c!ntosh 1951) divided by three. 

Analytical Techniques 
~ The avian com:::unities in the m ... aJOr 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, \·Je calculated a species diversity index, H' (Shannon 

and Heaver 1949, Pielou 1975). Since breeding species di.lL.ersity was 
2 highly correlated with the number of species (R = 0.61, n = 23, p < 

0.001), a phenomenon also repor~ed by Tramer (1969) and Austin and 

Tomoff (1978), v;e chose to base our diversity analyses solely on the 

number of species (species richness), a less complex measure. 
-----~-------·- -·"··· 

Dominance --------
index \.'Jas defined as the percent of total densi'ty compri.sed by the two 

most abundant species (l-1cNaughton 1967, Hiens and Oyer 1975). 

Breeding biomass for each species was calculated as the product of 

breeding density and mean weight. Species \'/eights used were the mean 

weight for all adult specimens in the University of Alaska r~useum that 

had been collected in Alaska during the breeding season. When the 

muse~m sample was too small, or variability too high, we consulted 

published literature (Carbyn 1971, West and DeWolfe 1974) for val~es 

----··------...,.._.---------,..-----
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determined from northern populations. On plots with large-bodied breeding 

birds (e.g., cranes, waterfowl, grouse, or raptors), we apportioned the 

bioma-ss acco-rding to estimated territory or 11 home range 11 sizes obtained 

from local field observations aDd t~e literature, to prevent artificially 
~ 

high 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 plpt CF3 and Great Horned Owl on plot DF5) and 

even with apportionment skevJed the total biomass disproportionately; 

these birds were eliminated entirely from the biomass calculations. 

Breeding biomass for each species, expressed as grams of breeding 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 requirements. For each spec.ies in each 

major habitat, we calculated existence energy (M) as M = D • w0· 76 , 

vJhere 11 011 v1as density in breeding birds per 10 ha and v1here 11 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 raistng 

bird weight to a fractional exponent produce a better index of energy 

flow than breeding biomass alone by accounting for the lm.,rer metab~ ic 

rates of large-bodied birds (Salt 1957, Karr 1968, Kendeigh 1970). 

Similarities of species composition among the 23 plots were compared } 

with·a cluster analysis (Biomedical Computer Program BMDPlM [Dixon and 

Bro\'m 1979]), using a matrix of similarity coefficients which refl~cted 

the proportion of species shared by pairs of plots (S¢renson 1948). 

----····--,.----......----.,---.....,..--. --~- ·-------------~~--------------
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Bird species that occurred on ten or more subplots were examined 

for patterns qf habitat use. In statistical analyses of avian habitat 

use, v1e emphasized the description of the habitats used by a species, 

~ther than the ranking of the predictive value of particular variables. 

Univariate one-way analysis of variance (Steel and Terrie 1960) was used 

to determine which habitat variables differed significantly between 

groups of subplots Hhere a species OCCUrred (species-present habitats) .. 
and where it did not occur lspecies.!""absent habitats) (Anderson and 

Shugart 1974). For the purposes of habitat description, univariate 

analysis of variance (ANOVA) provided more descriptive informatiun than 

did multivariate stepwise regression (REGRN) and stepwise ~iscriminant 

analysis (DFA). ANOVA independently evaluates all variables, usually 

identifying several significant habitat characteristics wnich may or may 

not be intercorrelated. The multivariate techniques select sequentially 

the single best predictive variable, but discard other descriptive 

variables that are highly correlated with any already selected in the 

model. The univariate F-ratio from ANOVA is by definition proportioned 

to the correlation of a variable and its discriminant function 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 distln-

guishing between species-present and species-absent groups. 

Of the original 51 habitat variables measured, 15 were not used in 

statistical analyses because they (1) were redundant, (2) could be 
; 

consolidated into fewer categories, (3) were not continuous or ordinal, 
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~-".7 or (4) shov1ed excessively skev1ed or kurtotic distributions. The remaining 

36 variables were included in a one-~tJay ANOVA to compare the species-

pres~nt and ~pecies-absent habitats for each of 26 bird· species. A 

-total of 936 separate analyses of variance we~e performed using Biomedical 
~ 

Computer Program Bi·mP7D (Dixon and Bro~tm 1979). -· .. --· 
' C: 7 " 

Stepwise multiple regression (Draper and Smith 1966} was used to 

order habitat variables (independent variables) according to effectiveness .. 
in predicting bird density on subplets and predicting biomass and existence 

energy on entire census plots (Statistical Analysis System [Service 

1972] and Biomedical Computer Program BMDP2R [Dixon and Brown 1979]). 
I 

Stepwise discriminant function analysis (Morrison 1976} in the form of a 

multivariate analysis of variance was used to identify the two or three 

~. significant variables that could best separate the speci~absent and 

species-present groups and groups of bird species common to a habitat 

type (Biomedical Cor:1puter Program Bf~DP7M [Dixon and Brown 1979]). 

Principal components analysis (Morrison 1976) was used to determine 

the relative position of each species along environmental gradien~s. 

This analysis is capable of reducing multivariate data to a few dimensions 

which" ... are the 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 21 

habi~at variables, which were continuous and primarily structur~1 habitat 

characteri sties of each subplot, ~t1as weighted according to the s~pl ot • s 

-------------,---.,..,.-..--,.-.~--...·. ,...,-=·-=""---"'-· 
------~--------· 
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apparent favorability as a habitat for each species (i.e., the data set. 

for each subplot was duplicated for each time an individual of the 

sp~ies was ·seen on that subplot). Tliis \'IE~ighting res-ulted in the 

creation of a 4786-case data array,for the 2£ bird species. This array 

~was subjected to a principal components anctlysis based on a correlation 

matrix using the SPSS Factor program (without rotation) (Nie et al. 

1975). The weighted arr?-Y for each bird species \-.ras then scored against .. 
(i.e., projected onto) the resulting~first three principal components 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 Valley. Values of the most diagnostic variables for these 

plots are given in Table I. A description of each habitat follows: 

Low and Medium Shrub Thickets (LMS) 

Open or closed shrub stands of willow, alder, or dwarf birch (Betula 

sp.) ~ 2.4 min 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 stch 
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Figure 1. Low and Medium Shrub Thickets. Plot 
LMS2, Upland Low and Medium Willow, Milepost 1280, 
Alaska Highway, August 1977. 

Plot TS3, Figure 2. T3ll Shrub Thicket. 
Tall Willow, Milepost 1281, Alaska 

Upland 
Highway, 

August 1977. 
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shrub habitats are relatively permanent habitats in which the vegetation 

is stunted by rigorous grm·Jing conditions (Drury 1956, Viereck 1975, 

Cal~s 1976)-. 

Three of these shrub thickets were sampled, two in lowland river 

flats and one (U~S2) in an upland valley bottom. All plots v1ere flat 

and poorly drained. Shrub growth consisted of l-2 m-tall willriws (Salix 

planifolia, ~· arb•Jsculoides ..... i. glauca, i· novae-angliae, and i· 
.. 

candida). Ground cover in two of tbe plots (U~S2 and L~1S3) was primarily 

Eriophorum vaginatum tussocks, with dwarf shrubs growing between and on 

top of the tussocks; d\·Jarf shrub species included Betula nana, Vaccinium 

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

Salix myrtillifolia. Gr"Ound cover on plot L~ISl was wet-sedge meadow 

(mostly Carex sp.), vJith some areas of dry site forbs, Equ.isetum 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 Tal] 

Shrub Thicket habitat (Fig. 2 and Table I). Most tall shrub habitats 

are composed of \·Jillow and alder and occur ·in valley bottoms; howev-er, 

moist hillsides and tirnberline areas also have extensive tall shrub 

stands. r--

· Sampled Ta 11 Shrub Thickets included t\·JO types: l O\·Jl and riparian 

thickets (TSl and TS4), probably maintained by frequent flooding ;nd 

, ______ .,...... . ..._..__._......._---..-...,....;.o.=. • ...;.... ______________________________ _ 
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t .c. \.c.. 

permafrost, and upland successional stages of the ).{hite jpruce fire sere 

{TS2 and TS3). Dominant components of the lowland stands were thinleaf 

alder, Salix arbusculoijes, ~- planiforia, ~-· bebbiana,. and~- novae-

_ angliae. The upland thickets had a,predomina·nce of~- alaxensis, ~· 
~ 

monticola, and balsam poplar, with intersper·sed ~- bebbiana, ~- arbusculoides, 

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

Calamagrostis canadensis .and 1edum palustre. Comparatively, the lowland 

plots had more Eguisetum silvaticum, "Rubus arcticus, and Vaccinium 

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

angustifolium, and Arctostaphylos uva-ursi. 

Deciduous Forests (OF) 

Deciduous Forests are closed stands of trees ~5.0 mJligh composed 

of quaking aspen, balsam poplar, or p~per birch (Fig. 3 and 4, Table I). 

Most deciduous forests occur a~ successional stages on upland slopes 

following fire or in hell-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 drained sites 

in the lowlands, such as on terraces or eskers. Balsam poplar 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 aspen· 

plots (DFl and DF2) were in nearly mature, open, park-like stands, with 

some poplar intermixerl. The third plot (DF3) consisted of a mucn denser, 

----~·------------____:_:.:....:..::_~::...::.:._ 
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3. Deciduous Forest, Aspen-dominant Figure 
stand. 
Alaska 

Plot DF2, Upland Aspen #"1, Milepost 1274, 
Highway~ August 1977. 

Figure 
stand. 
Alaska 

4. Deciduous Forest, Birch-dominant 
Plot DF4, Upland Birch #1, 

Hig~way, August 1977. Note 
11ilepost 1275, 
the understory 

of Mountain Alder. 

----·-------------------
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J younger, and smaller dianeter pure aspen stand, with occasional Salix 

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

understory of the fleshy fruit-producing shrubs Shepherdia canqdensis, 

~iburnum edule, Vacciniu;n vitis-idaea, Rosa ac'icularis, and Arctostaphylos 

uva-ursi. t~any of the fruits remained oven1inter and were utilized by 

birds the following summer. 

The birch-dominated stanGs (DF4 and DFS) \'/ere both matw~e and had .. 
mountain alder, Salix bebbiana, and~S. scouleriana as understory and 

occasionally co-dominan~ 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 ~ilvaticum, 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 c.ontaining 

mixtures of one or two deciduous tree species and either whi~e spruce 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). 

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

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

Foui of the plots were in upland habitats (MFl, MF2, MF3, and MF5), and 

; 

----···------------'-'---,.....,_;...;__.,... __ ---·-------
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Figure 5. Mixed Deciduous-Coniferous Forest. 
Plot MF2, Upland Birch-White Spruce, Milepost 
1265, Alaska Hig~~ay, August 1977. 

--~-~---,------------'-"'-'--'-'---'-~""""'--·'----------···~-------------------
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one v1as in a lo'tlland river basin (MF4). Plot f·1Fl \'las dominated by 

quaking aspen and white spruce, with some balsam poplar. Plot MF3 was a 

div~se mixture of vthite spruce, quaki~g aspen, and pap.er birch, with a 

thick understory of Salix bebbiana ~nd mountain alder. Plot MF2 was 

dominated by paper birch and white spruce, \'lith the understory of mountain 

alder characteristic of moist birch sites. Plot MF5 was a dense sapling 

stand of paper birch vlitb a. f_..ew large v1hite spruce. The lowland mixed 

Plot !1F4 was dominated by vthite spruce and black spruce, with scattered ... 
paper birch, and supported a dense understory of willow (i. arbusculoides, 

i· planifolia, and i· bebbiana) on the drier portions. A small creek 

lined with thinleaf alder flowed across the plot. Ground cover species 

consistent1y present in an mixed habitats v.rere Rosa acicularis, Mertensia 

paniculata, Geocaulon lividum, Calamagrostis canadensis, Linnaea borealis, 

and Eguisetum scirpoides. Other ground cover and understory character­

istics varied along a moisture gradient from the more xeric S-facing 

steep plots (MFl 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 site~ included Vitiurnum 

edule, Vaccinium vitis-idaea, y. 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 6f 

-~··--· .. ------'-'-"--"""'-'-...__,_-_;_, _ _...;__;___ 
~-- .. --------
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Figure 6. Coniferous Forest, White Spruce-dominant 
stand. Plot CFl, Upland White Spruce #1, Milepo~t 
1299, A 1 as ka Highway, September 1977. -

Figure 
stand. 
Alaska 

7. Coniferous Forest, Black Spruce-dominant 
Plot CF3, Upland Black Spruce, Milepost 1299, 

Highway, September 1977. 

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

Understory shrubs are usually sparse, and moss frequently dominates the 

ground cove-r. \·lhite spruce occurs in pure stands on well-drained sites, 

_ such as steep south-facing slopes and on sand and gravel in river flood--plains. Black spruce may form relatively tall (to 12m), dense stands 

on moderately-drained sites in the lowlands and on N, NE, NW-facing 

slopes in the uplands. Blac~ spruce gradually replaces white spruce in .. 
river valleys through a bog-formin~ (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, 1m dbh trees, which, along with the black 

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 (CFl, CF2, and 

CF3) and one lowland site (CF4). Plot CFl 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, except the white 

spruce \·Jere denser and sma 11 er, vii th occasional paper birch and mountain 

alder in the understory. Plot CF3 was dominated by black spruce, \'lith 

vlidely scattered white spl·uce. 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 vii th moisture: 

Linnaea borealis, Geocaulon lividum, Calamagrostis canadensis, and Rosa 
; 

acicularis \•Jere charact.eristic of the drier, \·Jhite spruce habitats, 

__ ,.._... .......... ,~,----~.......,..-"'""'-"-:.....· -"-"""""" .;...;-"-'----------
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while Rubus chamae~arus, Vaccinium uliginosum, Ledum palustre, Petasites 

.b,}:perboreus, and s~Jhagnum moss were prominent on the moister black 

spnn:e sites. 

~ 

Scattered Woodland and Dwarf Forest (WD) 

Open stands of stunted trees spaced so that most tree crowns do not 

touch each other are the ~ain characteristics of the Scattered Woodland 

and 0\·Jarf Forest habitat. Such habitats are termed "Dv1arf Forest" if ... 
the height of trees is <5.0 m and "vJoodland" if .::_5.0 m (Fig. 8 and 9, 

Table I). This habitat is a "hybrid" habitat vJith 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 interior Alaska vmody habitats 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 \'/Oodland (WDl} was dominated by v1idely-spaced 

stunted white spruce and had occasional widely-spaced pa~er birches. 

Both dwarf forests were stunted Black Spruce Bogs, one in the uplands_ 

(WD2) and one, which included occasional tamarack trees, in an alluvial 

1 owl and (HD3). Permafrost was evidently the primary factor i nvo 1 ve.d 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, y. uliginosum, 

Ledum palustre, Eriophorum vaginatum, Chamaedaphne calyculata, an' Rubus 

chamaemorus. 

------··----.---......----....,_ __________ _ 



8_ Scattered Hoodl and and Dwarf Forest. Figure 
Plot HDl, Lowland White Spruce-Birch Woodland, 
Northway Airport, August 1977. 

--;~·:-'<;1 
- ;~ 

-· -l 
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. : __ -: .-~-~~;?_::._ .. 
.. "i~ •."' -: _. -
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! __ ...... ,, 
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Figure 9. Scattered Woodland and 
Plot WD2, Upland Black Spruce Bog, 
Alaska Highway, August 1977. 

Dv1arf Forest 
;1i 1 epos t 1285, 

; 
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C0:~;·1Uill"i·t STRUCTURE AND HABITAT OCCUPANCY LEVELS 

',,o.""~ 
\-' Species composition and habitat occupancy* levels differed markedly 
/1 

*Habitat occupancy is a general term referring to the level 6f population 
. 

,;_being supported by a habitat, including number of individuals, density, 

biomass)and/or existence energy. 

among the major habitat~, but were generally similar among plots within ... 
the same habitat (see Tables II and lii and Fig. 10). The greatest ... 
within habitat differences were between upland and lowland plots. 

Lowland plots generally had higher densities and more species than 

upland plots in the same habitat ~nd often had relatively more large-

bodied birds, e.g., waterfowl, cranes, and some shorebird species. 

A cluster analysis based on similarity indices of s.pacies composition 

among all plots in all of the major habitats is illustrated in Figure 

10. Generally, the 1.1ajor compo~itional division came betv1een 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 dendrograph, at the base 

of the two main branches, illustrat~s the complex interrelationship of 

these two sets of forces (forest vs. shrub, upland vs. lowland) on avian 

distribution. Tv10 additional factors v:ere involved in this mixture on 

the dendrograph. First, as indicated elsewhere, Scattered Woodland 

and 0\·:arf Forest (\-:D) is essentially a 11 hybr·id 11 habitat between 

shrub thickets and forests. Second, Lowland Black Spruce (CF4) and 

Lov1land Black Spruce Bog (HD3) ~t/e}~e originally a single plot, whilh v1e 

1\ 



,.. 
Summary of values of habitat variatles from each Deciduous Forest bird census plot, Tanana River Valley, Alaska, 

- -
August 1975 and 1977 

-
~-

Upland Upland Upland Upland Upland 
Aspen-Poplar Aspen #1 Aspen #2 Birch #1 Birch #2 

Variable ( DFl) (DF2) (DF3) (DF4) (DF5) 

Water, standing (% of ground cover) ... 0.0 0 .. 0 0.0 0.0 0.0 .. 
Stem Diameter (mm dbh)* 131 .. 121 91 123 112 

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 71.2 75.7 78.6 81.4 

JL~~tribution of Foliage Volume 
· :n each class) 

>5.0 m 65.2 65.2 66.2 56.2 60.6 
2.5-4.9 m 9.1 9.7 9.1 21.2 17.0 
1.2-2.4 m 7.6 8.6 7.8 8.6 8.5 
0-1.1 m Hl-2 16.5 16.9 14.0 13.8 

Brush Density, @ 1.0 m (stemsxl03/ha) 6.00 5.69 7.41 7. 51 6.00 

Height Distribution of Density of Stems 
>25.4 mm dbh (% in each class) 
- ~5.0 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 5tems ~ 25.4 mm (m2/ha)* 20.638 16.868 27.986 18.379 18. 752 .• 

Tree and Shrub Species Relative Impcrtance (%)* 
White Spruce 0.0 14.3 7.0 2.s· 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 
Thinleaf Alder 0.0 0.0 0.0 0.0 0.0 
Mountain Alder 0.0 0.9 0.0 24.9 15.3 

.r 
Stand Age (years) 

l'.ean Age 100 96 59 84 58 
l·:aximum Age 105 107 72 125 76 

Index of Stem Heterogeneity** 13.2 22.0 44.1 32.1 ; 32.4 
i 

\ Index of Tree Heterogeneity** 13.2 20.8 44. 1 28~4 20.8 

------
\,_...)e Cottam and Curtis ( 1956) 

**See Roth (lg76) 



l 
~,characteristics of avian habitats in the Tanana River Valley, Alaska, breedin~ seasons 1975 and 1977 

~ ) ') 
1' .... ·~-.l-

'~ ' 
~ DAILY DIVERSITY ) 
l 

J DENSITY EXISTENCE DOMINANCE r of 
PLOT SIZE (territories/ BIOMASS ENERGY INDEX ;eeding 

(ha) 10 ha) (g/10 ha) ( kca 1 /l 0 ha) (%) species) 'I (H') (J I) 

LOW AND MEDIUM SHRUB THICKETS (LMS) 
_, 

l. Lowland Low & Medium Willow 4.25 44.1 4050 1518 39.9 15 2.071 0.765 

2. Upland Low & Medium Willow l. 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. 8± 11.4 2233± 1,578 890±547 56.0±15.6 10.0±4.4 1.756 0.785 

TALL SHRUB THICKET (TS) 

I 
1. Lowland 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 1141 40.6 11 2.036 0.849 

3. Upland Tall Willow l. 61 41.8 1896 847 45.9 8 1.781 0.856 
l 

r 4. Lowland Tall Alder-Willow 10.00 58.1 5808 1968 T 30.1 1? 2.584 0.894 

I MEAN ± SD c 
58.0± 11.5 3356±1786 1355±480 39.6±6.7 13.8±5.1 2.191 0.854 , 

DECIDUOUS FOREST (DF) 
I 

1. Upland Aspen-Poplar l. 61 l 28.7 1498 642 35.5 10 2.092 0.908 I 

2. Upland Aspen #1 10.00 27.7 2058 792 45.1 13 1.782 0.695 

3. Up 1 and Aspen #2 1.61 26.9 1690 700 42.4 8 1. 761 0.847 

MEAN aspen-dominant ± SD 27.8±0.9 1749±285 711±76 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. Upland 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 11.0±5:7 . 1.920 0.835 
I 

MEAN all d~.iduous combined ± SD 27.2±1.1 1569±324 654±96 41.4±3.6 10.6±3.4 1.895 0.824 

,. I 

..,. 
; [ ,, 
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PERCENT SIMILARITY 
100 90 80 70 60 50 40 30 20 

... .. 

Low~nd Low .8 Medium Willow (LMSI) 

Lowland Tall Alder-Willow (TS 1) 

.;;. Lowland Tall Alder -Willow (TS4) 

Lowland Tall Willow- Poplar (TS2) 

Lowland White Spruce- Birch Woodland (WDl) 

Upland Low a Medium Willow (Uv1S2) 

Lowland Black Spruce (CF4) .. 

Lowland Block Spruce Bog (WD'3) 

Lowland Tussock- Low a Medium (LMS3) 
Shrub Bog 

Upland Tall Willow (TS3) 

Upland Black Spruce Bog (WD2) 

Upland Aspen- Poplar (DF I) 

Upland Aspen # I ( DF2) 

Upland Birch ti:l (DF4) 

Upland Aspen tt2 ( DF3) 

Upland Birch rt2 (DF5) 

Upland Aspen- White Spruce ·(
1
MFI) _}---

Upland \'lhite Spruce- Aspen- Birch (MF3) 

Lowland White Spruce- Block Spruce- (MF4) 
Birch 

Upland Birch- White Spruce (MF2) 

Upland White Spruce ttl ( CFI) 

Upland White Spruce 1=+2 ( CF2) 

Upland Block Spruce (CF3) 

100 90 80 70 60 50 40 30 20 

Fiqt:re 10. Clus t er analysi s of hirc1 census plots 
in the uppe r Tanana Ri ve r Valley . based on 
similarity indices of spec ies co~~o sition. 

10 0 

10 0 
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.. J divided for analytical purposes, and the clu ster analy.sis reflects the 

high species overlap between the two divisions of the plot. 

_ _) 

~ 

For the -most part, habitats suppor t ing hig h breeding densities also 

-had high species richness and high esti mated breeding biomass and daily -
existence energy (Table III). Sixty-eight pe rcent of the variation in 

species richness was attributable to variation i n breeding density. 

There \-Jas a logarithmic relationship be t:\·:een these t\-10 factors (Fig . 
.. 

11)--i.e., as breeding densities inG1eased, the rate of increase in 

species richness decl~eased--a pattern also obse rved \·lith species divel~sity 

by MacArthur (1964) and Karr (1968). Seventy-eight percent of the 

variability in daily existence energy wa s at tr ibutable to variation in 

2 breeding density (ln y = ln 296.68 + 0.027x, R = 0.778, n = 23, p < 

0.01). Stepv;ise multiple regression and cor-rela tion analj"S-€s showed 

that high avian biomass and existence energy we re associated with tall 

shrubs, water, openness, thinleaf alder, and ba ls am poplar. 

Lowland shrub thickets on the study area ha d the greatest values 

for existence energy, while coniferous veget atio n types showed the 

lowest (Table III). Ranking of habitats and vegeta tion types_ according 

to total existence energy was lowland Tall Shru b Thicket > lowland Low 

and Medium Shrub Thickets > lowland White Spruce-Birch Woodland > ~ixed 

Deciduous-Coniferous Forest > aspen sta nds > birch stands > Black -

Spruce Bog > white spruce stands > black spruce stands. Th i s habitat 

ranking was highly correlated with the primary productivity levels of 

corr~sponding interior Alaska forest and sh rub stands as determined by 
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density and species richness for the major vJOod:: · 
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Van Cleve and associates (Table IV) (Spearma n's r·ank correlation r =0.90, s . 

n = 5, p < 0.02). Lo\'1land thinleaf alder shov:ed by far the highest 
-. ~ 

annual primary productivity of any \·mody pl ant species, and v1e found the 

_highest species richness and estimated existence energy in tall shrub -stands with thinleaf alder (TSl and TS4). Conversely, coniferous forests, 

especially black spruce stands, showed the lowest primary productivity 

levels and had the lm·1est· esti;nates of avian existence energy and species 
.. 

richness. A comparison of habitats~through analysis of density-

do~inance structures (Fig. 12), existence energy-dominance structures 

(Fig. 13), partitioning of ex i stence energy among foraging guilds (Table 

V and Fig. 14), and vegetation structu r e elucidates many of the community 

differences observed among the habitats. 

The patter·ns of 1·esource allocation i ndicate v1hether--a:vian richness 

resulted from the addition of foraging guilds or from the expansion of 

guilds (Fig. 14). A straight line suggests either a community of a few 

niche-isolated species or a more diverse corrununity exhibiting niche pre-

emption--with the steepest-sloped lines indicating higher degrees .. of 

dominance (f·1acArthur 1957, 1960; Hhitta ker 1965, 1975). A si_g moid-like 

curve, depending on its form, suggests various levels of partial competiti9n,. 

with the more horizontal curves indicating a number of species of inter-

mediate abundance having no great competiti ve advantage over t he oC:hers, 

either because of ni che separation ( \·Jh itt a ke r 1965) or ample 1·esources 

( ~·Ji ens 1977). A few relatively dominant species 'dill cause a steeper 

slope at the top of the curve, as 1·1i ll a s:;:a ll number of rare species at 

the bottom of the curve. The higher the speci es diversity of the~community, 



TABLE IV 

Primary productivity of trees and shrubs, based on annual biomass production of foliage, Fairbanks, 

Alaska. Data from Van Cleve et al. (1971) and unpublished records of K. Van Cleve. and~~ T. Oyrness, 

Forest Soils Laboratory, University of Alaska. 

Age of Mean height of Total foliage 

sampled stands sampled plants biomass 

(years) (m) (gm/m2) 

Thinleaf alder (lowland) 5, 10, 15 4.3 189 

Quaking aspen (upland) 50' 60 12.3 286 

Willow (lowland) 5, 5, 15, 20 4.0 59 
T 

Paper birch (upland) 60' 130 15.6 228 
< 

Balsam poplar (lowland) l 0' 50, 60 18.5 269 

Mountain alder (upland) 130 4.0 31 

White spruce (upland) 55, 135, 165, 180 18.3 133 

Black spruce (upland) 57, 62, 130, 130 5.5 30 

* A rough estimate of energy density (concentration) in the vegetation type 

• I • . 

...,. . 

'I 

Av. foliage biomass 

per meter of plant 

height* 

43.9 

23.3 

14.7 

14.6 
" 

14.5 

?:s 
7.3 

5.5 

I • 
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Partitioninq of avian existence enerqy within avian habitats accordinq to foraging guild, Tanana River Valley, Alaska . 

Daily existence energy (M) is expressed in kcal/10 ha. I' I 
EXISTENCE ENERGY (%) ·'' 

LOW AND MEDIUM TALL SHRUB MIXED DECIDUOUS- SCATTERED WOODLAND 
I' 

SHRUB THICKETS THICKET DECIDUOUS FOREST CONIFEROUS FOREST CONIFEROUS FOREST AND DWARF FOREST 

Aspen- Birch- White spruce- Black spruce- White Spruce- Black Spruce 

dominant dominant dominant dominant Birch lvoodland Bog 

FORAGING GUILD (M) (%) (M) (%) (M) (%) (M) (%) (M) (%) (M) (%) (M) (%) (M) (%) (M) (%) 

Flycatchers 6 0.7 l 02 7.5 21 3.0 2 0.4 4 0.5 0 0 3 0.6 0 0 6 1.1 
~ 

Foliage searchers 23 2.6 196 14.5 130 18.3 133 23.3 161 21.4 137 27.5 43 9.9 86 9.2 35 6.5 

Timber gleaners 0 0 0 0 0.1 5 0.8 6 0.8 10 2.0 3 0.6 0 0 0 0 
T 

Timber drillers 0 0 0 0 0 0 0 0 0 0 9 1.8 c 3 0.8 0 0 0 0 
'II 

Ground-brush foragers 510 57.3 633 46.7 559 78.6 378 66.6 545 72.2 282 56.5 331 75.B 834 89.0 393 73.1 

Raptors 0 0 0 0 0 0 51 8.9 9 1.2 61 12 . 2 0 0 0 0 0 0 

Aquatic foragers 351 39.4 424 31 .3 0 0 0 0 29 3. 9 0 0 54 12.3 17 1.8 104 19 .3 

, . I 
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~ the more likely it will exhib i t sigmoid domi nance curves. In spite of 
\'-.J 

~­.... 

the fact that only a few fo r aging guilds in t he upper Tanana River 

Val'Fey Here - large enough to illustrate ~curve s (ground-brush foragers, 

foliage-searchers, and aquatic foragers), a range of resource division 

patterns was visible, and the patterns diff ered within the same foraging 

guild in different habitats . 

.. 
Breeding Bird Communities .... 

Low and Medium Shrub Thi ckets 

Low and Medium Shrub Thickets were low i n species richness and low to 

intermediate in levels of estimated biomass and existence energy, unless 

standing water was present, as in LMSl (Table I II ) . With water, LMSl 

had twice the richness and three times the es timated bio~s of otherwise 

similar U1S3. The habitat v1as domina t ed by Li ncol n's Sparrow and \•Jhite-

crowned Sparrow, which together, comprised over ha l f of the total density 

(Fig. 12). These species, plus Common Snipe, Tree Sparrow, and Lesser 

Yellowlegs reached their greatest abu nd ance in th i s habitat . 

Ground-brush foragers and aquati c f orager s (when w~~er was present) 

dominated this habitat, with \·Jhite-crovmed Spar row and L i nco 1 n' s Spar_row 

dominating the existence energy by the former guild and Common Snipe and 

Lesser Yellowlegs~ the latter. The exis tence energy-dominance cur¥es 

were essentially straight (Fig. 14), sugg esting niche pre-emption in the 

ground-brush forager guild and few species , proba bly niche-isolated,' in 

the other guilds. 

.r 
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Tall Shrub Thicket 

Tall Shrub Thickets supported the hi ghest species richness and 
.. 

occupancy levels of any avian habitat in the Tanana River Valley, S:Up-
:~~h 

_ _Qo_r:ting up to 18 breeding species and densiti'es as high as 67.7 territories 

per 10 ha (Table III). The most abundant species were Yellow Warbler, 

Alder Flycatcher, and Orange-crowned Warbler. These spe~ies, plus 

Northern Waterthrush, Bla~kpoll Warbler, Fox Sparrow, and Sa~annah 
.. 

Sparrow, reached their greatest abupd ance in Tall Shrub Thickets (although 

the Savannah Sparrov1 densities appear to be an aberration caused by edge 

effect on 1.6 ha-miniplot TS2, adjacent to t he Northway airport). The 

density-dominance structure vtas the most even observed (see Fig. 12). 

The Tall Shrub Thic kets al so had the greatest estimated daily existence 

energy (up to 1968 kcal/10 ha; average 1355 kcal/10 ha), ~% higher than 

the next hi ghest habitat. 

Four foraging guilds were repres ented i n this habitat, and three 

(aquatic foragers, foliage searchers, and f lycatchers) attained their 

greatest existence energy here ("fvl" in Table VIII). The dominantguild, 

the ground-brush foragers, accounted for al most half of the total existence 

energy, aquatic foragers almost a t~ird. The four highest energy users 

of the habitat (Com;non Snipe, Yellov1 \<larbl er, Alder Flycatcher, and 

\·lhite-crovmed Sparrov1) each r epresen ted one of the four major guild-s. 

The existence energy-dominance curve for t he ground-brush foraging guild 

was sigmoid in shape and horizontal, indi cating a high species diversity, r 

with little competitive advantage among a num ber of intennediate­

abundance species. The curve for the aquatic foragers was also sfgmoid, 
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but steeper. The steep, straight line f01·med by the three foliage 

searchers suggests niche pre-emption, even tho ugh the data points were 

Deciduous Forest 

Deciduous Forests, in general, supported intermediate breeding 

densities and numbers of species. Total breeding density and the density 

of certain bird species (e.g . , Dark-~yed Junco, Yellow-rumped Warbler, 
,_ 

and Orange-crowned Warbler) were remarkably consistent among plots 

sampled within this habitat. Species ric hness , species composition, 

density-dominance structure, and patterns of resource division of the 

two major vegetative types within this habitat, however, were quite · 

different. Aspen-dominant stands supported greater bi om~s and had 

higher existence energy estimates, but had fewer species than birch-

dominant stands. As with all other habitats, grou nd-brush foragers 

dominated the energetic relationships; and exi stence energy-dominance 

curves for all guilds were relatively stra i ght, suggesting niche isolation 

among few species in those guilds with sufficient data po ints. 

In aspen stands, Yellow-rumped Warbler, Orange-crowned Warbler, 

American Robin, and Dark-eyed Junco v1e re the most abundant species, 

comprising 70% of total density. American Rob in, Hermit Thn1sh, a,Dd 

Hammond's Flycatcher reached their greates t abun~ance in aspen stands. 

The density-dominance structure v1as un ique, \·l ith the fc!..lr most abundant 

species having near ly equal densities (Fig. 12). The ex istence energy­

dominance structure (Fig. 13), on the ot her hand, \·.'as oven.'he lmi~ly 

dominated by a single species, Ameri can- R.ob in. 
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In birch stands, the most abundant species \·:a s the Sv;ainson's 

Thrush. This species, plus the next three most abu ndant ones--Yellow-
,. 

rumped \-Ia rb rer, Dark-eyed Junco, and Orange-crmmed \·Ja rb 1 er--compri sed 

_77% of total density. The Ye llov;-rurnped \·:arbl er and Black-capped Chickadee 

reached their greatest abundance in birch stands . The density-dominance 

stl'Ucture \·Jas characteristic of a divel'Se corrrnunity , with an even, 

gradual decline in species abundance across the gra ph (Fig. 12). Swainson's 
.. 

Thrush and Dark-eyed Junco dominate~ t he ground-brush forager guild. 

Raptors were well represented with breeding Sharp-shinned Hawks and 

Great Horned Owls. 

r: i xed Deciduous-Con i ferous Fares t 

Of all the forest hab i tats, l~ixed Deciduous-Coniferot:l'5 Forest 

supported t he larg es t number of species, the highe st breeding density 

and bi omass , and the greatest existence energy in the Tanana River 

Valley. The mos t abunda nt species we r e Swainson's Thrush and Dark-eyed 

Junco, which together comp r i sed 48% of the breeding density; the Yellow-

rumped Warbler was also nu me rous. Swainson's Thrush and Varied Th rush 

reached their greatest abundance in the Mixed Deciduous-Coniferous 

Forest habitat, and th is was t he only habitat in which breeding Pine 

Grosbeak s ·~·:e r e found. Large numbers of appa!'ently non-breeding Common 

Redpolls and Wh ite-wi nged Crossbills used this hab itat extensively. 

Both the density-dominance structure and the foraging guild curves were 

characteristic of diverse com~uniti es, the former showing an even, 

gradual decline in spec ie s abundance across the gra ph (Fig. 12) a~d t he 
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latter, a sigmo id-s hap ed curve for the two dom inant foraging guilds--

ground-brush foras ers and foliage sea r chers (Fig. 14). 
~ 

~The combinat ion of deciduous and coniferou s life forms provided a 

_diverse habitat structure, which \·la·s used by six foraging guilds. --Ground-brush forasers and foliage searchers dominated existence energy, 

with three ground-brush foragers--Swainson's Thrush, Dark-eyed Junco, 

~nd American Robin--using ov~r half (56%) of the total avian existence 
.. 

One 1.6-ha Mixed Forest miniplot, the Up land White Spruce-Sapling 

Birch (MF5), was excluded from the summary of population data (Table 

III) because of its unexplained, iberrantly l ow density; there was no 

evidence of breeding birds on this plot. 

Coniferous Forest 

Coniferous Forests generally had the lowest occupancy levels of the 

forest habitats, su;;porting the lm1est breed ing density and biomass, the 

fewest species, and having the lowest esti ~ated existence energy of any 

of the habitats. The most abundant breedi ng species wel'e Oa_rk-eyed 

Junco, Townsend's ~arbler (white spruce only), and Swainson's Thrush~ 

which together co~pr ised 67% of the breedi ng density. Dark-eyed Junco 

and S1·1ainson's Thr ~s h, both 9l'Ou nd -brush f or'agers, also oven;helmhlgly 

dominated total existence energy. 
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The two major vegetation types within this habitat--white spruce- . 

dominant stands and black spruce-dominant stands--had considerably 
~ 

different numbers of species, breeding dens it ies, and density_- ~ominance 
. 

~tructures, \·lith the black spruce sta nds less diverse and v1ith lol':er 

occupancy levels than comparably-located (up land/lowland) white spruce 

stands. 

In white spruce stands, 1he Towosend's Warbler, a recent colonizer 

in interior Alaska (Kessel and Springer 1966), v:as the most abundant 

bird; this species, together with the next most abundant ones--

Swainson's Thrush and Dark-eyed Junco--compr ised 82% of total density. 
J 

Townsend's Warbler, Brown Creeper, and Borea l Chickadee reached their 

greatest abundance in white spruce stands. Large numbers of White-

vlinged Crossbills, Bohemian vJax\'.Jings, Pine Siskins, and CoiT,-:-:on Redpolls, 

which were apparently non-breeders, used wh i te spruce stands extensively 

during the breeding season. Breeding species richness was low, with an 

uneven di stri buti on of species abundance and high dominance by the thr·ee 

most abundant species (Fig. 12). The existence- energy-dominance ·curves 

of the major foraging guilds v1ere es sent i ally str·aight, pr-otrably because 

of the few species in each gu i ld having widely-separated niches (Fig~ 

14). 

Three foraging guilds r eached t heir max imum existence energy in 

white spruce stands: raptors (Sharp- sh inned Hawk, American Kestrel, and 

Gr eat Horned Owl), ti mber gleaners (B oreal Chickadee, Brown Creeper), 

and timber drillers (Hairy Woodp~cker and Northern Three-toed Woodpecker). 

Foliage searchers reached their ma x i m~~ dominance (28%) in t his vegetation 
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~ 

_ j type, apparently b<::cause of the deep, extensive, and vertically-incised 

canopy charac t eristic of climax white spruce sta nds. Ground-brush 
»-

foragers, however, dominated total existence ene rgy here as in all the 

~ther habitats. 

A single species, Dark-eyed Junco, dom i nated the black spruce 

stands and comprised 40% of the total breedi ng density. This dominance 

caused a unique co~munity density-do~inance structure, with one dominant .. 
species and an even distribution of~the remaining, less common species 

(Fig. 12). 

Ground-brush foragers dominated t otal esti mated existence energy in 

black spruce stands, with lesser proportions in aquatic foragers and 

foliage searchers. The presence of the aqua ti c foraging guild was 

possible because of \'let areas within black SPl'UCe stands undergoing 

paludification. The existence energy-domi nanc e curve for the ground-

brush foragers was sigmoid in shape, while tha t of the foliage searchers 

resembled that for the white spruce stands. 

Scattered Woodland and Dwarf Forest 

Scattered Woodland and Dwarf Forest was repre sented by two distinct 

vegetation types: White Spruce-Birch Woodland and Black Spruce Bog. 

These types tended to correspond with their nearest fares t counter-par ts 

(Mixed Deci duous-Coniferous Forest for Woodland and black spruce stands 

for Dv1arf Forest) in community cha racteri sti cs, except that they sup ported 

hi gher breeding den sities and had greater existence energies. Dark- eyed 

Junco and White-crowned Spa r row were t he most abundant species and 
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comprised 45% of total breeding density. Less abundant breeding species 

found in both types .,.Jere, in decreasing. order of abundance, Ruby-crowned 

Kinglet, Gray-cheeked Thrush, American Robin, and Orange-crGi·me.d Harb 1 er. 

,.;.'Ruby-crovmed Kinglet and Gray-cheeked Thrush reached their g1·eatest 

abundance in this habitat. 

The White Spruce-Birch Woodland had a much greater species richness, 
.. 

breeding density, and existence ener~y than Black Spruce Bog. The 
... 

relatively high number of species v-1as made possible by the combination 

of coniferous and deciduous life forms with that of shrub thickets. 

Hhite-crovmed Sparrow v:as 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 spruce 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 levels (Table III). Dark-eyed Junco 

and ~·lhite-crovmed Spa1·row were the most abundant species, comprising 60% 

of total breeding density. No birds achieved their greatest abundance 

in this Dv;arf Forest. The density-dominance structure sho\·:ed a domi.nance 

of t_vJO species and a gradual decline in abundance of species of inter-

mediate density. Ground-brush foragers dominated total existenc~ energy; 

' their existence energy-dominance curve.~as sigmoid. 

---------·-·"""'-'-·. --'·------



Spindler and Kessel - 29 

1 J Permanent Resident 3 i rds 

"":·" 
' • < 

.J_ ... c..-

Permanent resident species on the censu s plots generally occurred 

in much lovJE:ir dens i ties than migrant species . Estimation of density by 

-territory mapping ,,;as inappropriate ·fo r ma ny ·af these species; some -
initiated breeding activities 1 to 3 months before we started our censuses 

(Great Horned Owl, Gr ay Jay, chickadee s , and Wh ite-winged Cr6ssbill) and 

others were non-te r ritorial or tended to aggregate (Bohemian Waxwing and 
.. 

Common Redpoll). Therefore, vJe usoo the mean number of individuals 

observed per census as an index to compare abundance of permanent 

resident species (Table VI). In contrast to the pattern observed for 

breeding density, the habitats contai ning coniferous trees supported the 

highest number of species and greates t dens i ties of permanent residents 

(c_ontra Hillson 1976; 10.77~ of breed ing bi rd density in eeflifel~ous 
-- - --- - ; ' 

forests consis t ed of permanent residents, compared to 4.1% of deciduous 

forest breeding bird density). White spruce-dominant forests supported 

the greatest number of species and greatest density of permanent residents; 

black spru ce-dominant forests and Mi xed Dec i du ous-Coniferous Forests 

supported in t ermediate densities ; Deciduous Forests and Tall Shrub 

Thickets supported low densities; and Low and Med ium Shrub Thickets and 

Scattered Woodlands and Dwarf Fo rests supported minimal densities. 

Boreal Chic kadee, Gray Jay, \olhite-\·li nged Crossbill, Great Hor ned Gwl, 

and Spruce Grouse were most abundant in Con i fe rous Forests; Ruffed 

Grouse were most abu ndant i n Mi xed Dec iduous-Coniferous Forests; Black-

capp~d Ch i ckadee was most abundant in De ci duous Forests; and Common 

Redpoll was most abJ ndant in Tall Sh ru b Thickets. ; 
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Comparison of abundance of permanent resident breeding bird species among the avian habitats, Tanana River Valley, Alaska, 1975 

and 1977. Number of plots and sample area are the same as Table II. Figures are the mean number of individuals 
1~bserved per 

10 ha, per census. Numerals in parentheses indicate the number of plots in which the species occurred. A "+" denotes breeding 

in very small numbers. 

SPECIES 

Spruce .Grouse 

Ruffed Grouse · 

Great Horned Owl 

Hawk Owl 

Hairy Woodpecker 

N. Three-toed Woodpecker 

Gray Jay 

Black-capped Chickadee 

Borea 1 Chickadee 

Bohemian Waxwing 

Pine Grosbeak 

Common Red po 11 

White-winged Crossbill 

.... 
TOTAL INDIVIDUALS 

TOTAL NUMBER OF SPECIES 

, . I 

LOW AND MEDIUM 

SHRUB THICKETS 

+ (1) 

1.3 {3) 

0.2 (2) 

1,4 {3) 

2.9 

4 

TALL 

SHRUB THICKET 

+ ( 1) 

0.7 (3) 

0.1 (1) 

0.5 {3) 

0.1 (2) 

0.5 {2) 

3.1 (3) 

0.5 {1) 

5.5 

8 

Aspen-dominant 

0.3 (l) 

2.4 (2) 

1.0 (3) 

0.1 ( 1 ) 

1.4 ( 1 ) 

or 2 ( 1) 

1.0 (1) 

6.4 

7 

DECIDUOUS FOREST 

Birch-dominant 

0.1 ( 1) 

Ll ( 1 ) 

T 
c 

1,2 (2) 

1.0 ( 1 ) 

0.3 ( 1) 

+ (1) 

1,2 (1) 

4.9 

7 

. I , i. ': ', 

All deciduous 

combined 

0.1 (2) 

0.4 (1) 

1.9 {4) 

1.0 {4) 

0.2 (2) 

0.9 ( 1 ) 

0.1 (2) 

Ll (2) 

5.7 

8 

,, 
MIXED DECIDUOUS­

CONIFEROUS FOREST 

0.7 (1) 

,. 

3. 7 (4) 

+ ( 1) 

4.3 (4) 

0.4 ( 2) 

0.3 (2) 

1.8 (3) 

1.8 (1) 

13.0 

8 
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Continued 

t CONIFEROUS FOREST SCATTERED WOODLAND AND 

1

~ARF FOREST 

White spruce- Black spruce- All coniferous White Spruce-
,, 

SPECIES dominant .. dominant combined Birch Woodland Black Spruce Bog 

Spruce Grouse 2.0 (1) 1.0 (1) 
I 

J 

Ruffed Grouse o. 2 ( 1) 0.4 (1) 0.3 (2) 

Great Horned Owl 2.2 (2) 1.1 ( 2) j 
' 
! Hawk Owl 

I 
Hairy Woodpecker o. 3 (1) 0.1 ( 1) 

N. Three-toed Woodpecker o. 4 (1) 0.8 (1) 0.6 (2) 

Gray Jay 3.8 (2) 4.6 (2) 4.2 (4) 0.4 {1) ' 3. 0 (2) 

Boreal Chickadee 10.0 (2) 2. 0 (1) 6.0 (3) T ,., 

~ 
c 

Bohemian, Waxwing 0.3 (1) LO (1) o. 9 (2) 0;9 (1) 0.2 ( 1 )._ 

Pine Grosbeak + (l) + (1) u ,, 

r; 
Common Redpoll 1. 3 (1) 1.2 (1) 1. 2 ( 2) 0.4 ( i) 

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 7 11 2 3 

,. I 

' . ',,. ,1 

i 
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Annual Variation 

To detennine the magnitude of annual var i ation of avian popu l ations 

"' in ffie upper Tanana Valley, vJe compared numbers of common bt'eeding 

_passerine species between 1971 and 1977 obtained by Kessel from roadside 
~ 

counts through typical interior Alaska vegetation types near Fairbanks. 

Annual mean numbers of total individuals per count varied a maximum of 

26% over the seven years,. while the maximum deviation from the mean for 
.. 

any one year was 17%. Annual variation in individual species differed 

considerably among species; generally, the most abundant species varied 

the least. Swainson's Thrush varied a maximum of 52% over the seven 

years, although the greatest depa~ture from the mean of any one year wa s 

only 28%. Other co~~o n species that showed relat ively small annual 

variati on \'/ere YellO\'J \·!arbler, vihite-crO\•med Span-ow, Fo~palTOW, 

i~orthern \·Jaterthrush, and Al11erican Robin. The less abundant species 

showed considerably more variation: Dark-eyed Junco, 126%; Ruby-crowned 

Kinglet, 121%; Varied Thrush, 100%; Yellow-rumped Warbler, 94%; and 

Wilson's Warbler, 79%. 
.. 

The low but variable abundance of Dark-eyed Junco here contrasts 

markedly with its hi gh abu nda nce in -forest habitats at Fairbanks in 1375 

and in the Tetlin-i;orth·.·;ay area in 1977. In fact, abundance of this 

species in the Fair banks area was increasing during this period (pers. 

obs.). 

The inverse relationship between abundance and annual variation 

(Fig~ 15) was significant, both in linear regression (y = 32.59-0.415x, 

R2 
= 0.433 , n :14, p < 0. 02) dnd in Spearman's rank correlation (~teel 

and Torrie 1960) (rs = 0.80, n = 14, p < 0.001). 
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SPECIES HABITAT USAGE 

.. 

~ Analys~s of the measured habitat ~ariables, combined with field 

observations on the height and acti.vity of birds seen and the vegetation 

used, provijed quantitative data with which to describe habitat use by 

the different bird species. 

Vegetation and stru~tural habitat variables are by nature interrelated ... 
(James 1971). Such correlations m4,_st be examined to adequately understand 

the patterns of habitat use. A correlation matrix of habitat variables 

in our study showed that 60% 6f 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 understory, 

topography and vegetation stature, and spatial arrangeme~of stems and 

canopy characteristics. Distance between t_}~ees, stem diameter, height, 

and canopy thickness indicated ~ominance of forest growth. Dominance of 

forest growth influenced light levels reaching the ground and hence 

influenced the type and vigor of ground and shrub cover. Some specific 

correlatiors prevalent throughout the species habitat a~~lyses were 

litter ground cover and deciduous tree growth, moss ground cover and_ 

coniferous tree gt~o\·ith, thinleaf alder and \'later or openness, and inversely, 

forest gro~th variables with shrub or open habitat variables. 

When analyzing for bird habitat selection through comparison of 

statistically selected habitat variables, one must assume that predi~table f 

relationships exist between the occurrence of a bird and its characteristic 

vegetational require::1ents (James 1971). The correlation of the r*esence 
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or absence of a variable (or a certain value of that variable) with a 

speci~s prese_ni:e or absence, hovJever, does not necessari)y indicate a 

causal relationship. Also, habitat selection by a species is t:Jrt.doubtedly 
---influenced by a number of interrelated variables combining to form the 

11 niche-gesta1t 11 of James (1971). 

Some habitat variables in this study were not distributed in a 

normal pattern over all habitats, res~lting in some sampling artifacts; 

this problem was particularly true of woody plant species composition. 

As a result, for example, statistical analyses frequently selected 

thinleaf alder as important for any of the shrub birds that o'ccurred in 

any numbers on TSl, which had a relative importance value for this alcler 

of 36.6%--the only plot in which its importance value was other than 
c,,? 

zero. Similar aberrations occurred relative to balsam poplar~nd shrub 
\o,; 

thicket birds, and black spruce .,am! some ConHel~ous FOl~est birds. Hith 

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. 
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\·ihen interpreting the results of Ar!OVA, REGRN, and discr i:"i inant 

function analysis (DFA), it was important to limit consideration of 

relationship-s and habitat use patterns ~to those of high · statistical 

significance, preferrably p < 0.001 .. Use of l01·1er significance-levels 

~esulted in the inclusion of ~rtifacts<P'in the described habitat use 

patterns. Generally, we found positive correlations more hel pful than 

negative ones in defining . hab~tat use. 

In the follovJi ng species accounts , habita t variables that \<Jere ... 
shmm by statistical analyses to be significa nt habitat chal~acteristics 

are discussed first; this information is then supplemented by data from 

field observations. Bird height observations are followed by standard 

deviations. Specific data used in thes e analyses and discussions are 

from the 331 subplots of the 1977 study, alt hough, vlhel·e .hal pful, reference 

is made to Spindler 1 S (1976) study near Fair ban ks in 1975. 

Shrub Thickets 

Eight bi rd species in the upper Tanana River Valley showed a primary 

prefer~nce for open, l argely treeless habitats (Table VII). These open 

habitats co ncomi tantl y su pported shrubbery of varying densities and 

heights. The majo r ba ses for partiti oning of shrub habitats amo ng 

species appeared to be height of shrubs and openness. 

Alder Flycatcher favored shrub habitats in which mean brush densities 

\'.'ere higher than for any other bird species (Ta ble VII). P.dditional1y, 

f lycatcher densities were great~st (9 .6-10 . 5 territories/10 ha) in 

habitats with a high den sity of stems in th~ ta ll shrub layer, i.~ .• the 

r 



TABLE VII 

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 • 
,, 
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Tree Sparrow 21 1±2 0.38±0. 12 14.1±11.1 51.9±27.8 3.4±0.7 7)14 25.47±25.50 78.5 

Savannah Sparrow 15 2±4 0.67±0.25* 19.9±16.3 48.4±38.6 3.8±0.9* 10±11 c; 26. 1 0± 19. 41 81.5 
I ., 

Lincoln's Sparrow 49 5±9 0.55±0.19 14.6±13.6 42.0±33.2 3.7±0.8 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 11 ±18 24.48±23.06 98.7 

Rusty Blackbird 30 6±13 0.53±0. 18 8.8±10.6 25.8±25.3 4. 0± 1.1 17±28 22.39±19.66 121 . 1 

Yellow \olarbler 34 3±7 0.50±0. 17 5.6±9.1 14.5±19.0 4.6±2.1 34±31 32.96±27.89 162.7 

Fox Sparrow 22 3±7 0.55±0.19 6.0±10.5 12.6±20.5 4.3±0.8 36±30 36.61±26.74 56.5 

Alder Flycatcher 27 1±2 0.67±0.24 3.7±2.7 12.8±17.1 5.6±3.3 44±29 39.38±30.66 -?2.5 

I 
*Height and edge biased by high density of Savannah Sparrows at edge of Tall Shrub Thicket (TS2) 

~-

,. I 
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qa-
T all ~Shrub Thickets--although a few terr· itories occurred in habitats 

that did not attain tall shrub height. Fifty-six percent of the birds 

ob s e~ved wer~ at tree heights, whereas 37% were below 2:5 m--half in 

_medium and half in low shrubs. The ~l der Flycatcher apparently used the 

lower layers of vegetation for nesting (see St ein 1958), but used the 

taller shrubs for song perche~ and for forag i ng. Forty-three percent of 

bi rds observed ~ere in willow~ whereas only 12% each were in al der and .. 
poplar. Habitats supporting Alder J:.lycatche r s \'Jere mostly flat or 

gently sloping, often poorly drained with some exposed surface water (p 

< 0.017, REGRN), and usually had significant amounts of sedge-grass 

ground cover (mean of 21%; p < 0.0~9, REGRN) . Avoidance of forest 

characteristics was evident. 

Yellow ~·!arbler clearly selected tall shrub thickets.-It occurred 

on most of the same plots as the Fox Sparrow (s ee below), and most of 

the meas ured habitat values were s imilar--i ncluding high values for 

brush and foliage volume i n the low shrub l ayer , a high percentage of 

stem density in the ta l l shrub layer, and a ge neral avoidance of ~losed 

forest characteristics. Yellow Warbl er behavior differed from the Fox 

Sparrow, however, in that the warbler made l ittle use of the low shrub 

layer; 48% of birds were observed in t he ta ll shrub layer, 31 % in the 

medium s hrub laye r , and 17% in the tree layer . The index of s tem hetero-

geneity in Yellow Warbl er subplots was hig h, which, in shrub habitats, 

means open patches within the thi ckets. Seve nty-one percent of Yellow 

Warblers observed were in willow; 8% ea ch were in poplar and white 

spruce, and only 6~ in alder . ANO VA in thi s study, as vJell as in; an 
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earlier one by Spindler (1976), showed that the presence of water was 

important (p < 0.001); and certainly, in general, this bird is ~ost .. 
abun~ant in -lowland and riparian situations in interior· Alaska. 

-- Rusty Blackbird favored open habitats w i ~ h water (p < 0.001, DFA; 

mean habitat value for water was higher t han for any other shrub thicket 

bird); and it showed a preference for tall shrubs (mean habitat value of 

68~b stems in tall sh1·ub layer.;. p < 0.001, P.tWVA). Observations shov;ed 

36% in white spruce, 30% in willow,~and only 10-12% each in alder, 

poplar, and dead snags. lleights of birds observed were somewhat distorted 

by the habit of disturbed Rusty Blackbirds to seek high perches; 62% 

were recorded in the tree layer, 21 % in t he ta ll shrub layer, and 12% in 

the medium shrub layer. 

Savannah Sparrov-1 v;as second only to the Tree Sparrow1n its obvious 

preference for open habitats (Table VII). I ts presence corresponded 

with a high proportion of foliage vol ume in the low shrub layer (76%; p 

< 0.008, REGRN), but there was no significan t correlation for any partic­

ular type of ground cover. Because one of t he areas of high Savan nah 

Sparrow density was at the edge of a tall shrub thicket (TS2~, which 

birds used for song perches, habitat stat i s t i cs overemphasized the 

importance of the density of the taller s hru b ste~s (see Fig. 17). 

Observations, many of singing birds on song pe rches, showed 26% of-

activity below 1.2 m, 52% in the medi um shru b layer, and 18% in the tall 

shrub layer; 76% of birds observ ed were in willow. 
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The Tree Sparrow showed a clear preference for open habitats; 23% 

of variation in abundance was explained by distance betv;een trees {p < ,. 

0.003, REGRN). Species-present subplots h_ad less canopy coverage than 

~or any other bird species; and, conversely, the distance betv;een trees 

Has greater than for any other species (Table VII). In spite of the 

openness, there \·Jas no evidence of any ground cover prefer·ence. Ninety-

three percent of the birds ocrserved were in shrubs <2.5 m high--67% in .. 
the medium shrub layer, including many on song perches; 80% of observed 

activity v1as in vtillow. 

White-crowned Sparrow habitat statistics emphasized avoidance of 

forest and tall shrub habitats and selection of open, low-medium-hei9ht 

shrubbery (p < 0.001, ANOVA). Forty percent of variation in abundance 

-, \•Jas explained by lm-J canopy coverage (p < 0. 005, REGRN); only Tree and 

Savannah sparrow habitats had lower canopy coverage or greater distance 

between trees (Table VII). Difect 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, and 26% either on 

the ground or on dead branches. 

Fox Sparrow favored tall shrub thickets with growth particularlj 

dense in tne layer below 1.2 m (proportion of foliage volume in low 

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 greatest foliage volume (43%) was in the low shrub layer. There was 

a predominance of stems in the tall shrub layer (60%). Paralleling this 
; 

habitat structure v:as a dichotomy in use by the Fox Sparrow; 627~ of 

------------------
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observed activity 1·1as actually at tree hei ghts , mostly males singing 

from prominent perches, whereas 31% was be l ow 1.2 m, where they did most 

of their foraging. 
. ~ 

Observat1ons showed 38% of bi r ds on White Spruce, 

31% on the ground, and 19% in dead .shr ubs . Fox Spal~ rO\v .. \·Jas the only 

species that showed even a suggestion of a pos itive response to the 

presence of forb ground cover (p < 0.05, ANOVA). The Fox Sparrow data 
-r/1" s· =v-Lie.J SiJrr ... :t.;:.;;.-;; J\4./Jt m 
111~ r 

shovted avo i dance of closed fo_rest fea t ures , although _some Fox S.p.a-r-r-o\v--in-

interior Alaska yed in open decidu.9~s fo r ests \•there there is a dense 

understory of tall 1villows and lmoJ brush, usu ally along draws or in 

openings. 

Lincoln's Spar r ow exhi bi ted i str ong selection for open habitat; 

53% of variation in abundance v1as accounted fo r by the single variable 

distance bet1·1een trees (p < 0.001, RE GRN). S tructurally~ts habitat 

was quite similar to that of the White-crowned Sparrow (Table VII), but 

Li ncoln's Sparrow differed in its pos si ble preference for damp habitats 

1vith water, sed ge-grass ground cover , and high brush density (p < 

0.007, REG RN). Fifty percent of Lincol n's Sparrow observed were in the 

low shrub layer--compared to only 39% i n White -crowned ~par r ow--and 29% 

1vere in the medium shrub layer. Seventy- fiv e percent of birds observ_ed 

were in willow and 16% on dead shrubs. 

Deciduous Forests 

· Four species of birds s howed a pri mary pre f erence for Deciduous 

Forests or for the deciduous tree componen t of Mi xed Deciduous- ~ 

Coniferous Forests (Table VIII). 

----------~--------~----------~-----------~-~-~-----~------------------------------------------~ 
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TABLE VIII 

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

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±0.19 110±30 5.2±8.1 10.6±3.3 68±22 22•34· 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 0.51±0.17 130±40 2.9±1.0 11.0±3.3 75±ll 24·29·14 34.1 

Yell9w-rumped Warbler 147 0.19±0.04 120±50 3.1±,.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 34.1 

Swainson's ihrush 212 0.18±0.04 120±50 3.9±5.5 10.7±4.0 68±20 23·14·33 142.5 

Dark-eyed June~ 198 I 0.21±0.05 120± 50 4.0±5.4 10.4±4.0 67±22 25·16·29 134.6 
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Hammond's Flycatcher territories occurr·ed only on Deciduous Forest 

ylots. Only 8% of the variation in abundance \'tas explained by the 

measured habitat variables, largely because only four territories or 

:Pparts of territories were on the study plots. Nonetheless, statistics 

indicated a preference for poplar-aspen forests, and mean habitat values 

for species-present subplots showed a preference for tall, well-developed 

deciduous forests (Table-VII~. Compared to the other predominantly .. 
mature deciduous forest species--Bl~ck-capped Chickadee, Hermit Thrush, 

and Yellow-rumped Harbler--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 and quaking aspen forests in interior 

Alaska, this study revealed a possible preference for aspen, a habitat 

-~. that S\',rarth (1922, 1924) found them favoring in the Skeenaand 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 spruce; 

72% of activity .\·tas in the tree stratum (mean height, 6.5 + 3.0 m). 

Black-capped Chickadee showed as strong a selection for-Deciduous 

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

did for Coniferous Forests (Fig. 16) and, like its congener, it favored 

spatially ho-mogeneous forests (lowest index. of tree heterogeneity of any 

bird species in this study). Statistical treatments of the habitat 

variables showed little, except avoidance of white spruce (p < 0.001, 

REGRN), undoubtedly in part because only four territories or parts of 
_; 

territories were on the study plots. An examination of mean hab1tat 

-· -· ............... , ______ ..,.....-----,-,-,-----,......--~.-.. --........ ----~-~.--------
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figure ~6. Ordination of 26 taiga birds on & gradient from pure 
coniferous to pur~ 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 bir~ 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; 
.. 

totafcanopy·coverage was greater than for any other bird species. 

_Within Deciduous Forests, the Black-capped Chickadee shov:ed some pl·eference 

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, vlith 20~~ each in aspen_..and poplar; 92% v:ere observed in the tree 
.. 

stratum (mean height, 7.1 ± 2.9m) .... 

Hermit Thrush habitat measurements, as those of most other deciduous 

forest birds, failed to show any useful variables vJith multiple regression. 

Mean habitat values of species-pre~ent subplots, however, showed a clear 

preference for mature, relatively dense deciduous forests (Table VIII). 

He found that territories almost invariably occurred at t~ edge of 

internal forest openings, such as blowdowns, powerlines, etc., a phenomenon 

-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 (MFl) and one coniferous (CF2) plot. There were some 

indications of a preference for quaking aspen stands: ANOVA showed a 

positive selection for aspen (p < 0.005); highest density of territorjes 

occurred on an aspen-dominant plot (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 v:ith conifers (Dilger "1956, Godfrey 1966), it is 

notei·10rthy that our study shov:ed avoidance of v:hite spruce (p < 0. 001, 

DFA). Hermit Thrush is primarily a ground nester and forager, an~ 52% 

--~-·---------r----~-------- -----·---------
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,J of the activity \·te obsel~ved Has below 1.2 m; 29%, primarily singing 

males, was in the tree stratum. 

~Yellow-~umped Warbler favored forest habitats; 2l%,of variation in 

-abundance was explained by a high pr'oportion of foliage in the tree 
!!!!""'"'" 

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

plots, whether deciduous, mixed, or coniferous, but its densities were 

greatest in the deciduous· and ..mixed forests. r~ean habitat values (Table .. 
VIII) showed that it favored mature~eciduous 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%. Both ANOVA and DFA indicated a possible 

avoidance of white spruce (p < 0.005). Observations showed 42% use of 

,-.., birch, 33% aspen, and 8% \'Jhite spruce; 83% of activity wasin the tree 

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

normally nests (mean height, 6.5 ± 2.8 m). 

Mixed Deciduous-Coniferous Forests 

Three species of birds appeared to prefer Mixed Deciduous-

Coniferous Forests (Table VIII), although all used other habitats as 

Hell. The Varied Thrush appeared to select this habitat primarily-

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 tHo tree life forms. 

____ . ., ______ .,.. 
~ ........... ..;..• -.;.-··--.;,..• ........ .......-...;~;.,_..-=:.,_--..,_m _____________ _ 
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Varied Thrush prefer shaded, relatively moist habitats of dense 

foliage (Gabrielson and Lincoln 1959, Godfrey 1966), characteristics 
- . » 

that \'Jere not measured 'dell by our habitat_ var·iables. These character­

,;jstics, hO\'Jever, \':ere best met on OUr study area \·:here the big-leaved, 

shade-tolerant mountain alder grew under a forest canopy and where 

(spruce \'Jere present. Both ANOVA and DFA indicated selection for mountain 

/\~r and paper birch (p -< 0. eol) and .. AN OVA showed avoidance of edge ( p 

/ < 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, ho~tJever, is not a habitat requirer;;ent, per: 

! ~· as Varied Thrush breed in Tall Shrub Thickets, primarily mountain 
\ 

r--, ". alder, beyond treeline in \'Jestern Alaska (Kessel, pers. obs.). Observa­
\ 

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

spruce, but none in_g_lQ.er. Sixty-four percent were in the tree layer --
and 27% were below 1.2 m (mean height, 5.4 ± 4.7 m). 

Swainson's Thrush showed a preference for forest ha~itats (Table. 

VIII), although it occurred on almost all of the study ~lots; except the 

most open ones (Low and Medium Shrub Thickets and Scattered Woodlands}; 

it was second only to Dark-eyed Junco in overall abundance (84.3 ter-
-

ritories on study area). Relatively high densities (>5 territories/10 

ha) oc~urred on mature forest plots in which either wh{te spruce or 

paper birch had high 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 

dwarf sh1~ub- ground cover and 1 ov1er numbers of Swa i nson ··s Thrus·h. Highest 

_densities occurred on Mixed DeciduoQs-Coniferous Forest plots with low 
~ 

(<20%) dwarf shrub ground cover (10.8 and 11.0 territories/10 ha on MFl 

and MF2, respectively). Multiple regression selected litter as an 

important variable (p < 0.001~, which would seem logical on the basis of .. 
time spent foraging on the ground, tut 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 plots. About half of the foliage volume 

in Sv1a i nson' s Thrush habitat was in the undel~story ( 49%) and the habitat 

had a fairly high spatial heterogeneity (Table VIII); couj)Ted vlith these 

habitat characteristics, this bird, except when singing, carried out 

most of its nesting and maintenance activities in the understory. 

Observations shov1ed 41~~ of activity in the tree layer, 36% belO\'>' 1.2 m, 

and 17% in the tall shrub layer (mean height, 3.9 ± 3.8 m); 26% of birds 

observed were on the ground, 21% in aspen, 20% in birch, 12% jn mountain 

alder, and 10% ih \·:hite spruce. 

Dark-eyed Junco shO\·:ecl a preference for fm~est and \'Joodland habitats 

(Table VIII)--whether deciduous, mixed, or coniferous--although it~lso 

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 
; 

----.. ,------......-~---------------------
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· __ ./ there was a total of 106.5 territories, 25% more than for the next most 

abundant species, Swainson•s Thrush. St atistical analyses failed to 

elucidate any meaningful habitat variables . ~1ean habital values on 

~eci es-present subplots, however., indicated a preference for forests, 

; especially vlith fairly high tree heterogeneity (Table VIII). The junco 

did not appear to favor edges or forest openings as much as it apparently 

does farther east (Godfrey 196.6, Eaton 1968). Primarily a bird of the .. 
understory, where it nests and forages on or near the ground, 47% of 

birds were observed below 2.5 m; an additiona l 10% were in the tall 

~hrub layer, and 42% were i n the tree layer (mean height, 3.4 ± 3.1 m). 
I 

Twenty-four percent were in white spruce, 21% on the ground, and 11-33% 

each were in birch, aspen, and willow. 

Coniferous Forests 

Six species of birds shov;ed ~ a primary preference for habitats 

dominated by spruce (>50% relative dominance) (Table IX and Fig. 16), 

and they had breeding territories only in such habitats. Gray JaY. and 

Ruby-crm·med Kinglet preferred more open forests with greater_spatial 

heterogeneity than the other species. 

Gray Jay favored forest habitats (thick ca nopy, p < 0.001, REGRN) 

that contained spruce, either white spruce or black spruce. ~o st of the 

forest study plots, deciduous, coniferous, and mixed, had territories or 

portions of territories on them; the amount and species composition of 

spruce varied widely among the plots, from a mean frequency of occur­
; 

_________ .........,_...,...,...~==-.>.....:::.!~~===·-=·:...:..:· -=-=··· •. - .. ,_, ·-

. r- · 
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/'· 
/ 1 renee 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 4'6-%--40% -for \'lhite spruce and 6% for black spruce. The spr~ce relative 

importance value and general size s-t;ature of the forest were less than 

ftir most other coniferous species--White-winged Crossbill, Townsend's 

l~arbler, and Boreal Chickadee--and the tree heterogeneity was much 

higher (Table IX). Sixty_-seven percent of observations \'Jere in the_tree .. 
layer and 15% below 1.2 m (mean heis_ht, 4.9 ± 2.7 m); 33% were in white 

spruce, 16% in black spruce, and 24% in aspen. 

Boreal Chickadee favored habitats with forest characteristics and 

showed a strong preference for white spruce (Table IX). These habitat 
. 

va 1 ues v1ere exceeded only by those for the White-winged Crossbill and 

Tm.,rnsend • s Warbler. Unlike these 1 a tter species, hO\.,rever _this chickadee 

had territories in Mixed-Deciduous Coriiferous 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 ~est 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 

; 

~--···------- ----==~====~~--=~-==~==r-===-"'~--~~~~-~~~~--~----~------------··-··-···-··~---------------
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TABLE IX 

·"" Mean values of variables which best distinguished the habitats of birds of Coniferous Forest, upper Tanana River Valley, Alaska, .1977. Value~ 
I 

are from s'pecies-present subplots and are followed by standard deviations. 
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I White-winged Crossbill 25 0.12±0.02 150±60 3.4± 1 .1 14.4±5.1 11. 5±4 .8 65± 16 67.2 31.5 
1 

Townsend's Warbler 89 0.03±0.00 150±50 3.4± 0.9 13.1±4.4 10.6±4.1 69±15 60.0 27.4 

Borea 1 Chickadee . 65 0.06±0.01 140±50 3.4± 1.0 12.4±4.6 9.7±4.4 63±15 54.4 29.5 

Brown Creeper 25 0.00 130±40 3.6± 1.3 12.3±4.0 . 7 .8±3.8 66±19 54.0 35.9 

Gt·cly Jay 93 0.23±0.05 120.!:60 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 11 0±60 7.1±13.9 9. 5±5.1 7.4±4.4 48±32 51 .11 194.3 
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level (REGRN). Only 2.5 territories were delineated; two were on 

Upland :·:hite Spruce #l plot (CFl) and one was on Upland Birch-Hhite 
,. 

Spruce plot· (r·1F2). Fifty-three percent of birds observed were in white 

_ spruce and 40% in paper birch. 
~ 

Ruby-crm-med Kinglet showed a strong selection for spruce habitats, 

either black or white sprue~; species-present subplots had a combined 

spruce relative importance V<llue of 62%, second only to \·Jhite-vJinged 
.. 

Crossbill (Fig. 16}. In general, bovJever, kinglets favoi"ed 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-crm·med Kingl'et territories occurred on almost all. 

of the Mixed Deciduous-Coniferous Forest and Scattered Woodland and 

Dwarf Fm"est plots and on all Coniferous Forest plots, e*E€pt the two 

densest v:hite spruce plots. Sixty-bra percent of kinglets observed vJere 

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 < 0.05). Ninety percent of observed activ·ity was in the tree l_ayer. 

Tcwnsend•s Warbler clearly selected white spruce; 30% of the variation 

in its abundance v:as 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 (CFl~ CF2, MF2); the habita~ 

described by measured variables \"Jas second only to that of the Hhite-

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 Jf 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. 
1/1> 

Ninety-five· percent of Tovmsend • s Harbl ers wel~e observed in the tree 

_layer, 4% in tall shrubs (mean height, 10.1 ± 3.7 m). 
~ 

White-winged Crossbill appeared to be only a visitor on the study 

plots, where it showed a clear preference for mature forests of white 

spruce. Species-present-subpjots had the highest mean values for white 
.. 

spruce relative importance, tree hetight, and canopy thickness of any 

coniferous forest bird species. Observations shmved 73% of activity in 

white spruce, 18% in willow, and 9% in black spruce. Distribution of 

height observations v1as 82% in the tree lay1~r and 18% in the tall shrub 

layer (mean height, 11.8 ± 5.8 m). 

Open Forests and Scattered Woodlands 

The similar mean habitat v,alues of fiv~e bird species placed them in 

an artificial grouping whose mean values describe an open forest or 

scattered woodland situation (Table X and Fig. 17), although thi~ 

described situation itself is not a discrete habitat. The actual 
. ' 

habitats of some of these species ranged from shrub thickets to forests. 

The Com:non Redpoll and Orange-crowned Harbl er, for instance, utili zed 

both shrub thickets and forest habitats, and the resultant arithmetic 

means of species-present subplots are similar to those of Scattered 

Hoodland habitats--which both of these species also use. The situation 

is s'imilar also for the American Robin; while it obviously favored aspen 

forests on the study area, the wide range of habitats utilized r;sulted 
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TABLE X 

Multiple regression equations relating habitat variables to breeding density of 26 bird species _in the upper 

Tanana River va.pey, Alas~a.- The order in v1hich the variables~were entered into the equation is left to right. 

Numerals preceding the habitat variables are standardized slope val_ue:s. All variables in the ·equations 1-1ere 

statistically significant (p<O.OS); greater significance (~~0.001) is indicated by boldface type. Equations 
~ -

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

SPECIES 

Shrub Thicket Birds 

Alder Flycatcher 

Yellow Warbler 

Rusty Blackbird 

Savannah Sparrow 

Tree Sparrow 

~ihite-crm-med Sparrow 

Fox Sparrow 

EQUATION 

= -0.123 + 0.033 brush density+ 0.088 willow+ 0.224 water 
.... ~~"' ----

+ 0.111 Balsam Poplar- 0.029>-stem distance+ 0.087 Thinleaf 
......-- ----~ 

Alder + 0.079 grass 

= 1.088 + 0.309 ~ ~- 0.054 ~distance+ 0.520 

Thinleaf Alder- 0.122 tree layer foliage volume+ 0.242 low 
~~ ............... ....-v-...-.~-~ 

shrub layer folia!Je volume - 0.027 slope - 0.148 Black Spruce+ ......-----
0.123 willow 

= 2.452 + 0.245 Thinleaf Alder- 0.139 canopy coverage- 0.028 
....... ~ ~ -~....---- ------~ 

tree dist2nce- 0.172 forbs 0.147 Black Spruce- 0.014 slope 
~~ . ...._.,....__..............,_ 

+ 0.301 1·:ater - 0.094 grass - 0.092 tree~ layer stem density 

- 0.071 willow 

- 0.179 + 0.214 Balsam Poplar- 0.098 canopy coverage+0.082 
~~ --~ 

small, multiple-ste~medness- 0.325 ~ + 0.130 low shrub layer 

foliage volume + 0.048 stem distance - ().017 tree distance + ____... ~ 

0.069 tree layer stem density 

= 0.174 + 0.007 tree distance+ 0.089 Thinleaf Alder- 0.029 

canopy coverage + 0.058 Balsam Poplar 

= 2.859- 0.277 canopy coverage- 0.193 B"lack Spruce- 0.018 

slope - 0.595 \-~!.!:. + 0.265 medium shrub "!ayer stem density 

- 0.035 stem height 

0.609 - 0.021 tree distance + 0.139 Thinleaf Alder+ 
....-.....-~ ~~~ 

0.124 low shrub "layer foliage volume - 0.012 slope - 0.102 

~k ~- 0.240 \-later+ 0.028 brush density- 0.070 ~ 

coverage 
~ 

n 

0.262 27 

0.467 34 

0. 398 30 

0.232 15 

0.288 21 

0.505 52 

0.301 22 

; 
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Continued 

SPECIES 

lin~'s Sparrow 

Deciduous Forest Birds 

Hammond's Flycatcher 

Black-capped Chickadee 

Hermit Thrush 

Yellow-rumped ~arbler 

TABLE X 

EQUATION 

= 0.224 + 0.032 tree distance'+ 0.181 Balsam Poplar+ 0.298 
~"~.......V.... .....,......._..,...._ -~~ 

~ ~3,. ~ s~ ~~ + 0.098 !Jrass + 0.023 brush 

density- 0.097 ~ ~P!~ + 0.245 water - 0.052 canopy coverage 

- 0.026 stem distance 

.. 
... 

0.041 + 0.093 Balsam Poplar+ 0.087 large, ~ultiple-
~~ 

ste,~edness + 0.027 Quaking Aspen 

0.062 - 0.036 ~ Sp~u5! + 0.006 slope 

0.007 + 0.012 slope + 0.081 Balsam Poplar - 0.031 White 
~ 

Spruce 

-0.247 + 0.159 tree layer foliage volume+ 0.149 litter 
~ -- --- ___ ................ 

- 0.120 ~hite Spruce + 0.115 stem diameter 

Mixed Deciduous-Coniferous Forest Birds 

Varied Thrush 

Swainson's Thrush 

Dark- eyed Junco 

Coniferous Forest 3irds 

Gray Jay 

0.454 + 0.058 Paper Birch+ 0.098 ~ ~5-S-- 0.139. forb 

0.056 dwarf shrub+ 0.049 Mountain Alder 

= 2.362 + 0.242 litter.- 0.369 Thinleaf Alder- 0.178 d~arf 

shrub- 0.100 single-stemmedness 

= 1.615 + 0.580 large, multiple ste;;:nedness + 0.245 t·~ountain 
~ ............... ~ ~---............. ---- ~.,...._ 

Alder- 0.321 Thinleaf Alder 
~ ~~ 

-0.162 + 0.144 canopy thickness+ 0.230 Slack Spruce 
~ ............... ~ ~....,.....'1,..-........ ~ 

+ 0.038 slope - 0.118 tree layer foliage volu~e - 0.259 
--~ 

large, r,:Jltiple-sten~~:~'"dness 

n 

0.667 49 

0.081 13 

0. 047 17 

0.061 35 

0.254 147 

0.100' 47 

0.191 212 

0.157 198 

11.195 93 



Continued 

SPECIES 

Boreal Chickadee 
~ 

Bro;.m Creeper 

Ruby-crow~~d Kinglet 

Townsend's Warbler 

White-wi~;ed Crossbill 

TABLE X 

EQUATION 

-1.343- 0.263 tree layer foliaoe volur.e.+ 0.069 slope 
- ............... ~ ·-....-.....-.~ a.----". ~ 

+ 0.353 moss+ 0.151 White Spruce+ 0.132 stem height 
~ ....... ~~ 

= 0.003 + 0.063 Cc:lO?Y thickness - 0.015 slooe + 0.072 t·lountain 
..... _.........,._~ _.........,..:-...-

Alder- 0.072 litter i O.CSl tree layer foliage volume - 0.090 

large, multiple-stemmedness 
.. .. 

= 0.-431 + 0. 076 51 ::ck Spruce - 0. 046 car:C!?Y coverage - 0. 053 1 ow 
.............. ~ ~ ,.,.,-.,..,-vy· ~ 

shrub layer foliage volume + 0.022 }!hite Spruce - 0.010 stem 

distance 

= -1.415 + 0.191 ~hite Spruce+ 0.05~ s1ope + 0.133 tall shrub 
-~~ ..-.,....,........... 

layer stem density+ 0.257 canopy th1ckr:ess - 0.191 large,-
~~ ....... 

multi;:>le-ste:rw"T•edn~ss - 0.102 stem height 

=- 0.819 + 0.176 White 5pruce + 0.05S stem heiaht + 0.032 
~w"'V"V"V"'\ ............ ......;:-.......,. 

brush density 

Open Forest and Scattered Woodla~d Birds 

Corr.-;on Fl i cker 0.495 + 0.096 E~lsam Poplar~ 0.060 tree layer stem density 

- O.OJ7 tree distonce 

Ar.:ericc:n ;l.obin 1.067 + 0.415 Q~aking Aspen- 0.026 slope- 0.110 grass 
...-.~~ rr-r~ 

- 0.171 forb 

Boheu-d an ~:aX\·Ii ng 0.218 + 0.153 ~ ~- 0.010 s1ope 

2.2~4 0.225 ~~ite Spruce - 0.294 7hi~leaf Alder+ 0.144 
;~............-~ .....-.................................... --~ 

\';ills;'/+ 0.292 lc::rge, multiple-steii.::-:::r;:ss - 0.175 Paper Sirch 

0.141 Black Spr~ce - 0.205 forb - 0.135 r.:oss 

!'"-.. Cor..>.on P.e::;:>oll 0.012 + 0.126 ~~arf shrub 

n 

0.406 65 

0.150 25 

0.142 27 

0.493 89 

0.201 25 

0.054 28 

0.472 99 

0.123. 22 
r-

0.300 153 

4 ., 

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 Valley, ,,, 
Alaska, 1977 (see text for explanation of grouping). Values are from species-present subplots and are followed by s~andard deviations. 
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Common Redpoll 38 31±17. 0.21±0.05 4.6±8.0 5.8± 11.3 6.4±2.7 63±24 14.58±17.16 176.7 194.7 

Common Flicker 28 35±18 0.50±0. 17 3. 3± 1.1 5.6±5.2 5. 9±3.1 54±~0 12.39±18.09 . 33.0 92.6 
c 

O~ange-crowned Warbler 153 31±17 0.34±0. 10 3.1±1.6 4.9±7.0 5.8±2.3 65±24 14.50±18.73 51.8 'II 141.3 

/\merican Robin 99 36±17 0.39±0. 12 3.1±2.2 6.2±11.5 5.3±2.2 62±26 14.l!Ji20.21 6!3.5 18tl.O 

Bohemian Waxwing ~~ 42±14 0.32±0.09 4.7±4.8 9.0±13.6 5.0±1.8 55±30 6.80±5.32 103.5 150.8 l.l. 
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_/ in mean values for open forest or woodland situations·-in which it was 

also found. The habitats of the Common Flicker and Bohemian Wa~wing 
~ 

.. 
were more accurately described by the habitat means. 

~ Com:non Flicker habitat vtas inadequately measured in this study; 

only 5~ of its variability in abundance i·;::s explained by the r;;easured 

habitat variables. Flicker occurrence, ~c~ever, corresponded with the 

presence of large-diamet~r ba~sam poplar trees (p < 0.009, REGRN) in .. 
edge situations (p < 0.005, ANOVA) and with a ground cover of dwarf 

shrubs (p < 0.01, ANOVA and DFA) (Table X); these dwarf shrubs produced 

berries that \·tere eaten by the flicker. Fifty percent of the birds 

observed were in the tree stratum and 20~ were in tall shrubs; 32% were 

in poplar, 24% in aspen, and 19% on the ground. 

A-nerican Robin shm·ted a clear prefer·ence for quakingaspen (p < 

0.001, REGRN and DFA), with this tree species 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). 

There also appeared to have been a conco~itant tendency to avoid .closed 

spruce and~birch forests (p < 0.005~ ANO~A), probably because of the 

denser understory and lack of berry-prod~cing dwarf shrubs; breeding-

densities were low in such habitats (DF4 and 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 ju~co in the number of study 

plots on which it occurred (18 plots of 23, excluding MF5). Also, the 

spatial heterogeneity of tt·ees in its r.at:itat v:as exceeded only by 
4 

Cornrnon Redpoll and Ruby-crowned Kinglet (Table X). Observations -sho1·1ed 

-----·--------------·----
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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. 

~Bohemian- Haxv1ing v1as only a visitor to most of the plots on the 

study area, and habitat measurement$ proved i-nadequate for statistical 

analyses. An examination of the mean habitat values of species-present ,. 

subplots, however, gave some descriptive clues. Waxwings seemed to 

favor open tree habitats.(distance between trees almost equal to tree ... .. 
height and large stem height and di~meter) with fairly high spatial 

heterogeneity and a high dvJarf shrub cover (highest for any bird species); 

many of the d\·Jarf shrubs produced berries which were eaten by the waxwings. 
I 

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 spru~~ and of thinleaf 

alder (both p < 0.001, 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%). 

Appa~ently Orange-crowned Warbler used willow shrubs wherever they 

occurred, whether in the open or under deciduous forest canopy, a~d 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 \'/hen p-resent for singing and foraging; on ·the other hand, 

birds \·iere fairly common in some deciduous forests that lacked-well-

developed shrub understories (aspen plots DFl, DF2, and DF3). 

Common Redpoll habitat analyses showed only one possibly discri­

minating variable (dwarf.shruj), undoubtedly in part because of the 
.. 

small number of observations and t~e extreme lability of redpolls. In 

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 

sum11er in open shrub habitats it is a ground- brush fm·ager, whi 1 e 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 val'iable accounted for less than 3% of the variability in 

redpoll abundance. Observations suggested a preference for deciduous 

woody plants: 4o;; of birds observed in tl·ees or shrubs \·Jere in aspen, .. 

29% in birch, zm in \vi 11 m'l, and 11% in white spruce, whel·eas the respec-

tive mean relative importance values of these plants on species- prese_nt 

subplots were 19%, 19%, 15%, and 30%. A similar preference pattern was 

noted in 1975 at Fairbanks (Spindler 1976). 

----···----------~~---------
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Bird Species Habitat Ordinations 

A principal component analysis reduced 21 structural habitat 

characteristi~s to three principal components accounting for 61.5% of 

total variation. Component I corresponded to· a gradient of habitat 
~ 

openness, ranging from open treeless to closed forested habitats, and 

accounted for 36.6% of the total variance in habitat data. Component II 

corresponded with density. of shrubs, accountling for an additional 14.6% . .. .. 
of the variance. Component I II reflected a ~}radi ent of canopy thickness 

and ground cover types and accounted for 10.3% of the variance in the 

data. 

The habitat data for each bird species was projected onto ("scored 

against'') the three principal components to ascertain where each species 

was located in the three-dimensional habitat space (Fig. lB.). The 

groups of species characteristic of the six taiga habitats were separated 

distinctly. 

A simple bivariate ordination of tNo mean habitat values, distance 

between trees and canopy thickness, produced a similar or superior 

separation of species groups and of species within groups than did the 

three-dimensional ordination by principal components {Fig. 17). 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 \·:as obtained by plotting of 

medium and tall shrub stem density against canopy thickness. ·; 

-· ---···------...,.,----....,....,__,...,-------
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cr.ntrnids of factor scores along! the first three principal cnn1ponent 
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DISCUSSION 

A number of studies have sho\'/n that spec·ies richness and diversity 

_ in an avian community, as well as l'labitat selection by individual species, 
~ 

can be correlated with components of habitat structure, e.g., foliage-

height diversity (r--:acArthur 1964, Karr 1968, Recher 1969, Hill son 1974, 

Terborgh 1977), spatial tleter:ogeneity (HacArthur 1964, Karr and Roth .. 
1971, Roth 1976), height of vegetation (Lack 1933, Cody 1968 and 1979, 

~~i ens 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 chara_cter­

i sti cs have a 1 so been sho\'m to be affected by many other factors, such 

as stability and predictability of climate and other environmental 

factors, predation, competition, etc. (see discussions by Menge and 

Sutherland 1976, ~4i ens 1977, Pi1anka 1978) and by primary productivity 

and food resource levels (Terborgh 1977s Pianka 1978, and this study). 

Physical factors--e.g., soil temperature, moisture, pH, nutrient-regi~e, 

slope, solar radiation--generally control rates of primary p~oduction in 

the vegetation of the Alaska taiga (Van Cleve, pers. comm.). 

We used a number of the above-cited structural vegetation variables 

in our analyses, but also considered some physical aspects of the habitat 

(e.g., slope, aspect, \'later), importance values of tree and tall shrub 

species, and primary productivity. We found that breeding season avian 

occupancy of a habitat was apparently related mainly to the primary 
; 

productivity of that habitat, an ~ indirect relationshi_p associated. 

----···-------------------
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in some v1ay vlith the amount of energy "available" in the habitat. 

Generally, species richness was increased with the structural complexity 
.. 

of ttle habitat, \·Jhich allov,red both the addit·ion and expansion of foraging 

guilds, but richness was also increased in habitats of high primary 
--productivity through guild expansion. Differences in species composition 

t<-V:..•£2----

sjl and habitat occupancy within a major habitat_J·Jas also related to dif-

-~ 
I ' 

I) 

s_l/ 

ferences in primary produ£tiv!ty and differences in the structural 
.. 

diversity of the canopy (aspen vs bj_rch 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 and lowland habitats 

of similar structure, primarily because of the prevalence of water in 

the lowlands and its absence on hillsides. 
-Cartsr 

While taiga habitats of our study proved depauperate in terms of 
II 

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 exceedi~g 

southern counterparts in both breeding density and species richness. 

Tall Shrub Thickets supported the highest species richness and occupaocy 

levels of any habitat in the upper Tanana River Valley. The high species 

richness and habitat occupancy undoubtedly resulted from a coffibinat~on 

of high prinary productivity, vertical structural diversity, spatial 

heterogeneity, and the influence of v:etlands. Occupancy levelE\vere 
lt-1.£<-c..__· 

particularly high in the lov1lands and \·:as significantly con~elated \·lith 

the presence of \·;ater, thinleaf alder, and balsam poplar. High p~mary 

-------.. ------------------------------~~~-----------'--'--..:::.....-
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productivity of th"O:se lov1land sites was probably maintained in part by 

continual nutrient exchange in the alluvial wetland system; and the 

pre~nce of-nitrogE:n-fixing and highly~productive thinleaf alqer may act 

as a catalyzing agE:nt for other pdl)1ary producers in the habitat--
~ 

notably willov1 and poplar (Van Cleve, pers. comm.). Guild expansion 

appeared to be responsible for the high species richness observed, with 

13 ground-bush foragers a,nd t~ree foliage searchers able to exploit the 

high energy resources of this vertisilly-limited 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 levels, 

probably because of the cold, boggy substrate.. Hhen vJate.l':-\'Jas present, 

as it frequently is in this habitat, occupancy and species richness were 

enhanced by the addition of the, aquatic forag·i ng guild. 

Deciduous Forests were intermediate among the habitats in species 

richness and occupancy, and there was evidence of niche isolation among 

the few species in each foraging guild. The slightly lo~er levels of 

primary productivity but greater structural complexity of birch stands, 

compared to aspen stands, probably accounted for the correspondingly 

lower occupancy but greater species richness of the birch stands. ~he 

characteristic mid-story of mountain alder and the thick canopy of birch 

increased opportunities for the foliage searcher guild. Conversely, 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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open understory and relatively high light levels in aspen stands, however, 

resulted in extensive growth of berry- produc ing dwarf and low shrubs, 
.. 

v1hicii v1ere utilized by ground-brush fm·agers throughout· the breeding 

season. Ground-brush foragers accounted for 19% of the estimated existence 
~-

energy in aspen stands, a dom i nance exceeded onl y in the White Spruce-

Birch Hoodland. 

Thre~ of the four specie§ that showed a primary preference for the 
.. 

Deciduous Forest h~bitat--Hammond's~Flycatcher, Hermit Thrush, and 

Yellovl-ru:rtped \~arbler--are more corrmon ly i nhabitants of mixed coniferous 

forests, or even coniferous forests, farther east (see, for example, 

Godfrey 1965, Erskine 1977,). The~e differences in habitat use are 

probably due to the lack of competition amo ng inhabitants of the Deciduous 

Forest in eastern Alaska. The Hammond's Fl ycatc her, for ~stance, is 

occupying t ''le niche used by the Dus ky Flyca tcher (Empidonax oberholseri) 

farther south (Jo hn son 1963, Go~frey 1966). Farther east, the Swainson's 

Thrush is mJre a bird of coniferous forests, while the Hermit Thrush is 

more in mixed forests (Dilger 1956). In i nteri or Alaska, however, the 

Swainson's Thr ush, while widespread, achieves its greatest abundance in 

the mixed forests, whereas the Hermit Thrush is in deciduous forests, _ 

perhaps to avoid c o~petition with i ts congene r . The Yellow-rumped 

Wa rbler appears ~o be exploiting the more product i ve deciduous for~sts 

of interior Alaska in the absence of most other forest warblers - -except 

the recently established coniferous forest Townsend's Warbler. 

The Mi xed Deciduous-Coniferous Fores t habi ta t was also intermediate 

in occupancy leve l s, but the diverse habitat structure of both de~iduous 
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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 
,. 

fora-:ging gui-lds and \·Jas exceeded only by the Tall Shrub· Thickets, \•Jhich 

had much higher levels of primary pr.oductivity. 
-
~ 

Scattered Hoodland and Dwarf Forest \·:as the third habitat with an 

intermediate level of avian occupancy, in spite of the fact that the 

open canopy of this habitat, with its concomitant greater presence of ... .. 
shrub layers, added characteristics~of the more productive shrub thicket 

communities. The stunted character of the tree species in this habitat 

indicates low primary productivity, v:hich may account, indirectly, for 

the relatively low species richnes~ and the low number and size of the 

foraging guilds. 

The low occupancy level in the Coniferous FOl~est hab.i.i:at, 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 gui1ds. 

The pattern of permanent resident species abundance during the 

breeding season appeared generally to correspond to their winter seaspn 

patterns. Wintering birds near Fairbanks tend to be most numerous in 
w 

\vhi te spruce forests, fo 11 O\'Jed by black spn1ce and mixed ~hi te spr~e-

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 winte~ed, and the Coniferous 

Forests and Mixed Deciduous-Coniferous Forests, which support Pin~ 

----~·-.,.-,~.,---....-r------,-----,---- -------·-------
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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 

spe~es is q.pparently lal~gely related to the· availability 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 r~osting. Van Cleve and associates (pers. 

comm.) have found that spruce forests, 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 throughout 

the winter. White spruce seeds provide more calories (av. 6615 cal/gm 

dry \'It) than black spruce seeds (av. 6053 cal/gm dry \'It) larink 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 densities of individual species may_ 

alter the species composition and perhaps the com11unity structure of a 

habitat from year to year, but since the most abundant species are ~he 

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. tomm.). 

-· ---·--------~-~---,_,.... _____ _ 



Spindler and Kes sel - 57 

In contrast, uncom<:o n species are more li ke l~ y to be influenced by varying 

environmental conditions. 
- ~ 

~Goth a- bivar iate and the multivariate bird species breeding habitat 

ordinations success fully separated the species groups characteristic of 
-
~ 

the major taiga hab itats. The Ta l l Shrub Thicket, Deciduous Forest, and 

Mixed Deciduous-Coniferous Forest species ordinated into separate tight 

clusters, indicating the consjstency of and the ir fidelity to the habitat 
.. 

that they occupied. The Coniferou~ Forest and Low and Medium Shrub 

Thicket birds were dispersed over a l arger port ion of the gradient, 

possibly i ndicating the wider var iety of sta t ures for these habitats. 

The final group of species inhabited a wide rang e of habitats, the mean 

of which is in an artificial habitat resembl ing open forests and scattered 

woodlands. Some species in this group may be considered -4abitat-

generalists (e.g., ll~l,et~ican Robin, Orange -crovmed \,Jarbler, and Common 

Redpoll), for they occurred in habitats ranging from Tall Shrub Thicket, 

through Scattered Woodland and Dwarf Forest , to mature forests. James 

(1971), Whitmore (1977), and Ander son and Shugar t (1974), from st~dies 

in essentially single habitats, di d not detect discrete speciys groupings 

in their principal cc8ponents ord inations. The discrete grouping for-

the taiga data indicates that we were not descr ib i ng a continuum of one 

major habitat and its successiona l stages in the sense of Bond (195-7), 

but a group of distinct habitat structures arrayed along a gradient of 

increasing habitat complexity. Fur ther~ore , the se habitats and their 

corresponding bird utilization are different eno ugh (and each pe rhaps 

si mp le enough) that a bivariate ord ination suff iced to produce a ~imilar 

or superior sepa t·ation of speci es groups and of species l'lithin groups. 
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Boreal bird s~ecies have been categorized as habitat-generalists 

(Theberge 1976, Erskine 1977), being nearly ubiquitous in terms of 

hab'Ftat preferences. The relatively small number of species breeding in 

the taiga may allc~ widely-separated niches and a tendency towards lack 

of habitat specifi=ity, but our habitat use and community structure data 

suggest that in the Alaska taiga most breeding species have distinct 

habitat preferences. Even habitit-generalists reach maximum abundance .. 
in habitats of specific structure aRd composition. 

; 

~----··-···----------~------
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Table l. Su:T.Jary of valu<:s of ha!:>itat variables from each bird census plot, Tetlin-r;,Jrttn~ay ~tudy area, 
Ala~~a. August 1~77 

SHRUB Tfil Cf:ETS 

7 

.. ~ Lc~land Medium- Lowland Tall Upland Tall Upland Low & 
.·1 Variable ,\ ( 

Symbol Tall Hillow \·Jillo1~-f'oplar ~:illow 1-ledium l·lillow 

<JGround Cover (in percent) 
Grass* 

:- "" ~ ~ "1. Herbs* . ·~-
!·loss and Lichen* 1'1 · 
Ol~arf Shr!Jtr (<D. 5 hi§h)* 
Litter* h 
~later, standinEC-.__ ?'; 

Fire Evidence (D=minimum, 2.0=r;;axim:.~m) --Edge (O=minimum, 2.0=maxi~um) 

Woody Growth Form (percent of ste~s) 
Single Stem, large or small diameter 
Multiple Stem, small diar;;eter 
Multiple Stem, large diameter 

Slope, average (%)~ 

GRASS 
.. HERBS f- '"· ·,-" 

~\OSS&L .. 
DSHRUB 
LITTER 
HATER 
FIRE' 

EDGE 

ss 
t·1SS 
MSL 

SLOPE 
..... 

AspEJct, average azimuth (0-~6f)* 
Tree/Shrub Diameter (em dbh)~ --- ·'f 
Distance between Trees/Shrubs _ ~ 

7 ASPECT .. 

~ .. Yl. DIA~:E-TER 
DISTANCE 

(~2.54 em dbh)dsti.n:i~411n1 (m)~-~- • ::t· 
Distance between Trees (>4.6 m height) (m) 
Tree/Shrub Height (m) \.:o-,_· .• ,/y-,_;J· .. _.',o..._J,/.':_ 

Distribution of Tree/Shrub Height (% in each class) 
>30 m · '2. 
20.1-30 m ' 
1 D. 1-20 m • · · ' ' 
4.7-10 m 
2.5-4.6 m 
0-2.4 m 

,.-..\ Height Diversity (H') 

;p;:,~~ Thickness (m) (," ~ dc·")t-~ 
~ Canopy Coverage ~:.'f sl:y c':::<:rYcd)** 

>~~ Distribution of Foliage Volume (;; in each class) 
'l.:: >4.6 mt 

2.5-4.6 mt 
1.1-2.4 mt 
0-1.0 mt 

TRD I ST AtlCE 
HEIGHT 

H>30 
H20-3D 
HlD-20 
HT 
HTS 
HU1S 
HDIV 
THICK 

CArlOPY 

FV4 
FV3 
FV2 
FVl 
FDIV Foliag•e Diversity (H' )t 

{(;.! 
Brush Density~~ 1.0 m tEt-§1-r- (ste::1s/ha) BRUSH 

Tree/s,Qrub Del'}sit_y,. ~2,.5~, cm
2
. dbh (stems/ha)f t"fRDENS :> '1<-Q UV.<{>·~ l> 'f.~ w. N.J.·~t 

- Distributwn of Tree/Shrub ensity (~ in each class) 
~\ ,· "• >4.6 m (tree layer) . , . DT 

·. c.li·'.t 2.5-4.6 m (tall sh1·ub layer) ~~ ~ .. -:""'' DTS 
--:-..... ~ 1.1-2.4 m (medium shrub layer) DLI·1S 

Density Diversity (H') DDIV 
Basal Area of Trees/Shrubs (cm2/ha)* 
Tree and Tall Shrub Species Relative 

White Spruce* 
Black Spruce* 
Paper Birch* 
Quaking Aspen* 
Willow* 
Balsam Poplar* 
Alnus inccna* 
A Zn:1s crisr.-a* 
Tree/Tall ~hrub Diversity (H')t 

~ 

Importance·!(%) 

j 
BASAL 

~JSPRUCE 
BSPRUCE 
BIRCH 
ASPEN" 
~IlL LOW 
POPLAR 
I fiCf..~lA 
CRISPA 
TSDIV 

19.1 13.2 
13.6 14.4 
15.8 12. 1 
25.9 . 35.0 
19.3 25.3 
6.3 0.0 
0.03 0.0 
0.35 1.0 

47.2 48.2 
52.-8 51.8 
0.0 0.0 

0 0 

flat flat 

4 5 
15.1 3.9 

42.8 5.0 
3.7 4.7 

0.0 0.0 
0.0 0.0 
0.3 0.0 

17.5 60.7 
68.1 39.3 
13.4 D-:-9-
0.853 0.670 
2.7 3.7 

22.5 25.7 

4.0 0.0 
19.4 17.6 
21.6 25.5 
54.9 56.9 
1 .1 07 0.975 

.3o '1.r;-c,. 3 '7 /o'i? 
N{'-4-J-. -31}3-3-5-. 

'· 

44 672 

14.4 43.6 
72.2 56.4 
13.4 0.0 
0.787 0.635 

740 14794 

16.7 2.6 
0.0 0.0 
1.8 16.5 
0.0 0.0 

18.9 47.1 
26.0 33.8 
36.6 0.0 
fl. 0 0.0 
l. 404 ,_ 113 

Stand Age {yEars) 
Mean Age 

( 1 0~;/;:-.::d shrub)(tall shrub) 
~ . . (" 

f·:axir.1um Age .., 
(7'- _.., .. 
( · ex of Heterogenelty (ste~s/DIST)TT 
~~dex of HetEroseneity (trees/TP.DIST)tt 

*See Ohmann and Ream (1971) 
7 See MacArthur (1964) 
**See James and Shugart (1970) 
ttsee Roth (1976)-, . 
#-~-=e. c .. f ••. Qr-.1 ('.,,t'.:.(•?.;-c.) . 

tit<;,, C.,t::;., ",'!rt,'i. f..:l·(r:,,-,) 

t·1AGE 
XAGE 

SHET 
THET 

-----~·---------·--,_,_ _________ _ 

1~8 82 27 
208 180 36 

97.9 27.7 
76.7 36.5 

35.1 53.2 
12.5 7.6 
22.5 7.6 
22.5 31.6 
6.2 0.0 
1.2 0.0 

0.0 0.0 
0. 71 1.0 

26.8 60.7 
73.2 39.3 
0.0 0.0 

0 0 

flat flat 

4 4 

3.1 14.1 

6.0 49.3 

4.4 3.3 

0.0 0.0 
D.G 0.0 
1.8 0.0 

33.9 14.3 
57.1 46.4 
7.1 39.3 
0.947 1 .DOl 

3.3 2.9 
42.9 4.3 

4.7 0.0 
39.1 3.7 
28.1 14.8 
28.1 81.5 
1. 224 0.571 

L/';1.. 7~{. 17.. 2.77 
--:U:l~. -%-F.T. 

1012 50. 

32.1 -ro. 1 
60.8 . 50.0 
7.1 39.3 
0.855 0.953 

29528 811 

30.4 66.1 
0.0 0.0· 
0.0 0.0 
0. (} 0.0 

I" 69.6 33.9 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.614 0.640 

; 
42 44 
65 60 
53.3 ~4.7 

56.1 6.2 

• 
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Table 1. (cont'd) 

DECIDUOUS FOREST 

Upland Upland Upland Upland 
Variable Symbol Aspen-P0~lar Asp~n #1 

Upland 
Jl.spen #2 Birch #l Birch #2 

'· ' 

' Ground Cover (in percent) 
Grass 
~ ·FP(j,.! 
Moss and Lichens·,.. .. 
D-ila rf Sln-ub." { <0. 5 .high) · 
Litter· 1 " 
Water, standing 

Fire Jvidence (O=minim~m. 2.0=maxicum) 
Edge"i'O=minimum, 2. O=r..axir.JUm) 

GRASS 
Ft.: ~-· HEf!B5-

1·10SS&L 
DSHRUB 
LITTER 
WATER 
FIRE 
EDGE 

Hoody Gro1·1th Form (percent of ste::rs) 
Single Stem, large or small ~ia~eter 
Multiple Stem, small diameter 
Multiple Stem, large diameter 

ss 
!·iSS 
1-\SL 

Slope, average (~)* 

A~pect, average azimuth (0-360°)* 
~ .... ' • ~- ::- .. - • . -~~- ::. • . _~: ... . • L ... 
:free.,LSlu:ub_Dizr.:ete'i, (en dbh ).~ 
Distance betl·1een :frees/S!:r'Jbs :::·~ ' 
·. (~2. 54 em dbh €-cf4-~-i:~r:+ (m),{* 

~LOPE 

ASPECT 
DIAt·iETER,... 

DISTAI~CE 

Distance between Trees (>4.6 m height) (m) TRDISTANCE 
~~e'e/-sJ.~h.:Hei:ght-~m/". (···,) . HEIGHT 

Distribution of :r-~e/Sh-rut-Helght,< _..:.:;-~., ·c:: ~.:- ::-, ·' 
(% in each class) 

>30 m 
20.1-30 m 
10.1-20 m 

s.o-4-d-10 m 
2.5-4.11m 
0-2.4 m 
Height Diversity (H') 

H>30 
H20-30 
Hl0-20 
HT 
HTS 
HU1S 
HDIV 
THICK Canopy Thickness (m) i :'· ~ ; -; u __ ) 

Total Canopy Coverage (:':·of sky c.!:;s~ned)** CA:;opy 
· Distribution of Foliage Volume 

(% in each class)+ 
?.t.o~ mt 

2.5-4// mt 
1.l_-2.4 mt 
0-l.t mt 
Foliage Diversity (H')t 

FV4 
FV3 
FV2 
FVl 
FDIV 

~rus.h_Density, oD;:l.O m hisb (stems/ha) BRUSH 
_ ;.i-~Sh~~b:Densi~'-' .:_2.54 em dbh (ste:cs/ha)~;f-TRDENS . ... /. -

\-:·: Distribution of ~Shs-ub Density --~ ,- 7:. -:.· _ 
·\ (% in each class) - · · 

Z,£-o ~ m (tree layer) DT 
2.5-4.~ m (tall shrub layer) DTS 
1 j,-2.4 m (medium shrub layer) DU•1S 
Density Div_ers)t,Y (H') DDIV 

Basal Area of~~:Sr.r_;!ls (cm2/ha)}''i 8.!\SAL 
~-- .- ~' -. -. ,,_ ___ .. :~ -. ~-.··- . 

Tree-arid .Tan Shrub Species Re1ative 
k:p_or_tance-{-;.i)'#::IF ( .: : · · :..- ~ 

l~hite Spruce* 
Black Spruce* 
Paper Birch* 
Quaking Aspen* 
Willow* 
Balsam Poplar* 
Alnus il:_•::.•w* 
A l1-zus cr:.s:J::z* 

.. -~, Tree/Tall Shrub 
.and Age (years) 

_ __, !·lean Age 
~\aximum ~ge 

Diversity (H' )7 

Index of Heterogeneity (3ter5/DIST)77 

Index of Heteroger.eity (1-'r!::es/TRD I 51;-:--:-

\·:SPRUCE 
ESPRUCE 
BIRCH 
f,SPEN 
l·:ILLOW 
POPLAR 
IrKAr~A 
CRJSPA 
TSDIV 

I< AGE 
XAGE 

SHET 

THET 

17.5 
5.0 
3.8 

37.5 
26.2 
o:o 
2.0 

1.0 

75.0 
8.S 

16. i 
25 

.. 215 

13 
2.9 

2.9 
12.0 

0.0 
3.6 

58.9 
26.8 
10.7 
0.0 
1.023 

6.4 
74.3 

65.2 
9.1 
7.6 

18.2 
7731:_003 
~ 

1225 

83.9 
16.1 
0.0 
0.~41 

206382 

0.0 
0.0 
0.0 

58.5 
16.3 
25.2 
0.0 
.0.0 
0.557 

100 
lOS 

13.2 

13.2 

6.1 
12.0 
2.0 

47.2 
32.7 
0.0 

l. 14 
0.33 

91.3 
5.9 
2.8 

23 

199 
12 
2.8 

2.9 
11.7 

0.0 
0.0 

60.7 
34.4 
4.3 
0.6 
0.836 
5.4 

71.2 

65.2 
9.7 
8.6 

16.5 

7~ 1.013 
,'/D 
~ 

1243 

94.1 
5.4 
0.5 
0.241 

168679 

14.3 
0.0 
1.1 

72.7 
9.1 
1.9 
0.0 
0.9 
0.895 

96 
107 

22.0 

20.8 

5.3 
14.7 
6.6 

29.3 
44.1 
o·.o-
2.0 
0. 71 

96.4 
0.0 
3.6 

24 

264 

9 

1.7 

1.7 
10.4 

0.0 
0.0 

53.6 
39.3 

-7.1 
0.0 
0.889 
4.6 

75.7 

66.2 
9.1 
7.8 

16.9 
.. 9[JJ·~91 

3403 

87.5 
12.5 
0.0 
0.377 

279860 

7.0 
0.0 
0.0 

76.6 
6.3 

10.1 
0.0 
0.0 
0.796 

59 
72 

44.1 

44.1 

10.7 
12.0 
8.1 

22.6 
46.6 
0.0 

1. 76 
0.14 

37.0 
40.5 
22.5 

23 
242 

12 
2.9 

3.2 
10.4 

"0. 0 
3.3 

38.3 
42.9 
14.3 
1.3 
1.178 

7.7 

78.6 

56.2 
21.2 
8.6 

14.0 
q I 1."139 
~8'0 
~ 

1158 

81.1 
17.6 

- 1.3 
0.532 

183793 

2.5 
0.0 

53.8 
1.1 

. 16.9 
' 0.7 

0.0 
2~.9 
1.157 

84 
125 

32.1 

28.4 

7.6 
17.7 
12.7 
17.7 
44.3 
0.0 
0.5 

0.0 

60.7 
28.6 
10.7 

24 
283 

11 

2.4 

2.6 
10.1 

0.0 
0.0 

48.2 
42.9 
7.1 
1.8 
0.975 

6.3 
81.4 

60.6 
17.0 
8.5 

13.8 

7 
1.038 

7'3 ::L . 
..::m7 
1~96 

89.3 
8.9 
1.8 
0.389 

187515 -

3.9 
0.0 

55.9 
0.0 

24.9 
0.0 
0.0 

15.3 
- 1 . 035 

58 
76 

32.4 

20.8 

-------.,.------------------
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Table 1. (cont 1 d) 

~--'7"=-- ... ~~T""=' r-=-=--:--:-~~·~. ~~~-=-~~""-· ~~=·=--=~~ -·~-- =~--.,-.- ..,.....,~--~-:--=-·~---~.....-,.~--r-r-~~---=-~....-..-, ,...,....,........_,. .. -:"- ~___,..._ 

• 

Variable 

Gr'o~nd C~ver fn percent) 
·!-kass* 
Her.bs 
11osj .anfrl. i chens* · 
Dl·1art"'shrub (<0.5 high)* 

-J:"itter*" 
(--...._W_2ter, standing* 

'ft~e-(=0::-willimum, 2.0=r..~xi~um) 

-:....£.d~{Pm-~~.a.ximum) 

Woody~~wt~ Form \(per,cent of ste::s) .. 
Si~~~Stem, la{ge or small dic~ecer 
l~ulti p. e Stem, s1r:a 11 di a"'eter 
~ultipl Stem, l~~ge diameter 

-s=tope-;-ave~-+~> ~ 

~~pect;-average-azimuth (0-360")* 
... .,.~: ~ . ...,__ 

Tree/Shrub Diameter (em dbh)* 
Distance between Trees/Shrubs 

:~~~~ 
nossr.L 
:osHRUB 
LITTER 
l~ATER 
! ' (l~E 
EDGE . l 
\ i 
SS' 
I-ISS 
r1St. 

H 
~LOPE 

A?PECT ,... 
DV\t<lETER 

~'STANCE 

.. 

(~2154~-~~ dbh definition) (m)* 
Distance between Trees (>4.6 m he~ght) (m) 
Tree/Shrub Height (m) 

! I 
TR.DISTANCE 

Distribution of Tree/Sh~b"Height 
~ ~n each clasy 

"i30 m Y 
~~: 

(' /.6:2.4 m' 
Height Divers,tty (H 1

) 

Canopy Thickness (m) 

r 1 

H(IGHT 
, I 
f i 
; i 
H>30 
J.i20-30 
Hl0-20 
HT I 
HTS 
HLHS 
HDf.V 

i 
THI,CK 

Total Canopy Coverage (5; of sky c'::served)** CAfiOPY 
., ,. 

Distribution of Foliage Volume 
(% in each class) : 1 

>4.6 mt FV4: 
2.5-4.6 mt FV3: 
1.1-2.4 mt FV2· 
0-1.0 mt FVl; 
-B>Hag~rversit.y-t~t (;:-:_·-•; ~,o~--~~) )DIY 

Brush Dens1ty, 0-1.0 m h1gh (si:e;:-,:;fna) BRUSH 
- . i1'1:ej5hr-ub--Dc.ns4-ty,->2..:. scim..:.c)jl-.f ;tEms/haJ*- TRDkN&-
~~--;;-;:-- -~~ II -- . . 

· Distr1bution of Tree/Shrub Den:;ity : i 
(% in each class) 1 I 

>4.6 m (tree layer) DT 1 
2.5-4.6 m (tall shrub layer) DTS~ 
1.1-2.4 m (medium shrub layer) DLHS 

-=trens+t-y-fi~ver-54-ty-fl+l+ ¥1\ DDIV 
Basal Area of Trees/Shrubs (c"-2 /ha)* BASAL 
Tree .and Tall Shrub Species Relative 

Importance (~) 
Hhite Spruce* 
Black Spruce* 
Paper Birch* 
Quaking ~spen* 
~!ill ow* 
Balsam Poplar* , .. · · 
t..Z1'"ZUS i1:~=:na* ~\.:. ·J.\-~, ,~ 
A Zr.:A.S C:!':_t":Ja* · - ~·.: ~: \ .... -. · · 

Tree,4'aii-5+.rui:rl3+ve-r~'-T-

Stand Age (years) 
Nean .Age 
l·~axir.:u::1 f..ge 

' ... ::: l· 

Index o~ Heterogeneity {-ste,..,sH:s:_)jj 
Index of Heterogeneity (tree-5/:;-;:;;;sT-}.it 

l~ 

\o!SPF:.UCE 
BSPRUCE 
BIRCH 
ASPEN 
~ii LLOW 
POPLAR 
1 UCA~IA 
CRISP A 
TSDIV 

I 1 
f·IAGE\ 
XAGE\ 

SHET \ 
r 
THET 

I 

f·HXED DECIDUOUS-CO:;JrEP.OUS fOREST 

Upland 1'\:;pen­
~:hi te Spruce 

.. 
14.6 
10.1 
14.6 
19.1 
41.6 
0.0 

2.0 

0.25 

84.4 
7.8 
7.8 

32 
105 

11 : . 

2.6 

3.0 
10.0 

0.0 
4.7 

32.8 
43.8 
18.8 
0.0 
1.185 

6.6 
68.8 

53.9 
19.7 
lO.S 
15.8 

1
,/ 1. .181 
"1~72.?­
~ 

1451 

78.1 
21.9 
0.0 
0.526 

213077 

29.8 
0.0 
2.7 

41.1 
9.7 

16.7 
0.0 
0.0 
1. 3-i9 

Upland 13i•·ch­
\-lhi te Sp•·uce 

10.2 
13.2 
19.2. 
15.0 
42.4 
0.0 

0.0 

D.04 

62.3 
28.5 
9.2 

17 

282 

11 

2.6 

3.0 
10.2 

0.0 
6.6 

38.0 
33.9 
20.4 
1.0 
1.284 

7.7 
78.8 

54.2 
20.4 
11.6 
13.8 

a 1.119 
/• 03/ 
~~ 
' 1443 

74.5 
24.5 
1.0 
0.405 

227359 

30.1 
0.0 

44.6 
0.0 
3.4 
0.0 
0.0 

21.9 
1.169 

Upland 
~lhi te Spruce­
f·.spen-Bi rch 

2.7 
10.7 
17.9 
38.3 

- _30.4 
0.0 

2.0 

0.2 

47.5 
50.0 
2.5 

23 
292 

9(: 

2.7 

3.3 
7.2 

0.0 
0.0 

25.0 
41.3 
32.5 
1.3 
1.134 
5.5 

57.0 

30.4 
31.3 
24.1 
14:3 

1-:c 1. 347 
. 1./t,-z..-

-_-3:4~-l-

1372 

61.2 
37.5 
1.3-
0.725 

139768 

36.1 
0.0 
8.6 
9.5 

2449 
3':5 
0.0 

17.5 
1 . 571 

(Surn 1) 3oth (Burn 2) 
63 
80 

23.3 

39.8 

106 91 57 
130 

30.7 

32.3 

54 
57 

.:j 7. 9 

14.6 

Upland 
\·lh i te Spruce­

"Toothpick" Birch 

1.2 
8.9 

11.4 
27.8 
50.7 
0.0 

2.0 

0.1 

78.5 
3.6 

17.9 
19 

184 
9" . 

2.1 

2.1 
8.6 

0.0 
0.0 

25.0 
64.3 
8.9 
1.8 
0.918 

5.9 
78.6 

52.6 
20.5 
11.5 
15.4 
1.200 

J;J.. ;>. ?-7 
-..£l&2-3-

2J78 

87.5 
12.5 
0.0 
0.377 

184042 . 

43.5 /"" 
0.0 

37.5 
3.8 

15.2 
0.0 
0.0 
0.0 
1.141 

50 
75 

42.0 

42.0 

• 



Tuble 1. (cont'd) 

CO~IFEROUS FOREST 

Upland White Upland White 
Variable Symbol Spruce #1 Spruce #2 

Ground Cover (in percent) 
GRASS ll.9 Grass* 

Herbs* -· 
Moss and Lichens* 
Dv1arf Shrub {<0.5 high)* 
Litter* 
~J.,_, standing* 

f t:''· ;_ : HERBS 
t10SS&L 
DSHRUB 
LITTER 
HATER 

. 11.3 
38.1 
22.6 
15. g 
0.2 

Fire Evidence (O=minimum, 2.0=r.axir.u~) 

Edge (O=minimum, 2.0=maximum) 

Hoody Grm·1th Form (percent of ster.:s) 
Single Stem, large or small dia~eter 
Multiple Stem, small diameter 
Multiple Stem, large diameter 

Sldpe, average {%)* 

Aspect, average azimuth (0-360°)* 
Tree/Shrub Diameter (em dbh)* 
Distance between Trees/Shrubs 
(~2.54 em dbh definition) (m)* 

Distance bet1·:een Trees (>4.6 m height) (m) 

Tree/Shrub Height (m) 
Distribution of Tree/Shrub Height 

(% in each class) 
>30 m 
20.1-30 m · 
10.1-20 m 

1

,---..., 4.7-lOm 
2.5-4.6 m 
0-2.4 m 
Height Diversity (H') 

Canopy Thickness (m) 

FIRE 0.14 

EDGE 0.0 

ss 88.5 
MSS 9.5 
M~ 2.0 

SLOPE "29 
ASPECT ... 165 

DIAt-1ETER 16 
DISTANCE 3.3 

TRDISTMCE 3.7 
HEIGHT 14.6 

H>30 
H20-30 
Hl0-20 
HT 
HTS 
HU·1S 
HDIV 

THIC~ 

3.8 
29.1 
24.2 
28.1 
·14.5 

0.3 
1.481 

Total Canopy Coverage (% of sky obse:-ved)** CANOPY 
Distribution of Foliage Volume 

(% in each class) 
>4.6 mt 
2.5-4.6 mt 
1.1-2.4 mt 
0'-1.0 mt 

12.3 

61.2 

Foliage Diversity (H')t 

FV4 
FV3 
FV2 
FVl 
FDIV 

Brush Density, 0-1.0 m high (ste;;JS/ha) BRUSH 
Tree/Shrub Density, ~2.54 em dbh (ste~s/ha)* TRDENS 
Distribution of Tree/Shrub Density 

(% in each class) 
>4.6 m (tree layer) 
2.5-4.6 m (tall shrub layer) 
1.1-2.4 m (~edium shrub layer) 
Density Diversity (H') 

Basal Area of Trees/Shrubs (cm=/ha}* 

Tree and Tall Shrub Spedes Relative 
Importance (%) 

Hhite Spruce* 
Black Spruce* 
Paper Birch* 
Quaking P.spen* 
~Ji 11 mv* 
Balsam Poplar* 

. (-\ A Z1::-(a ::,:_~:.:r...:1* 
h !1:~$ C~"':_$:;~* 

.. _...., Tree/Tall Shrub Diversity (fi')t 

Stan~ Age (years) 
,•,ean Age 
f~axbur:~ Age 

Index of Heterogeneity (stems/DIST}~t 
Index of Eeterogeneity (trees/T~:;rsT)tt 

DT 
DTS 
DLMS 
DDIV 

BASAL 

WSPRUCE 
BSPRUCE 
BIRCH 
ASPEN 
l·!Il.LOH 
POPLAR 
I tiCf,HA 
CRISPA 
TSDIV 

t'.AGE 
XAGE 

SHET 
THET 

51.0 
16.9 
13.3 
18.8 
1.226 

'>sl;J..o 
~ 

904 

82.6 
17.1 . 
0.3 
0.477 

237809 

74.0 
0.5 
5.9 
7.0 
0.0 
0~0 
ci.o 

12.6 
0.853 

166 
200 

28.6 

25.8 

5.2 
10.4 
49.3 
7.8 

27.3 
0.0 
0.86 
0.29 

86.5 
7.0 
7.0 

38 
283 

16 
2.7 

2.9 
15.0 

0.0 
37.5 
26.8 
19.6 
12.5 
3.6 
1.420 

11.7 

74.3 

57.5 
16.3 
16.3 
10.0 
1.140 

1 S"'-15.-.:> 
ll9g2 

1357 

80.3 
16.1 
3.6 
0.590 

427725 

66.6 
0.0 

15.5 
0.0 
0.0 
0.0 
0.0 

17.9 
0.868 

160 
185 

27.9 

24.1 

Upland 
Black Spruce 

10.1 
12.7 
38.0. 
29.}-
10.1 
0.0 
0.0 

0.3 

98.2 
1.8 
0.0 

8 

185 
8 

1.9 

2.4 
6.7 

0.0 
0.0 

_]2.5 
60.7 
23.2 
3.6 
1. 022 

4.9 

40.0 

28.6 
22.2 
22.2 
27.0 

, 1 .-380 
-<.0'-l&,<f 
15874 
2899 

69.6 
26.8 
3.6 
0.725 

186724 

9.5 
86.2 
0.0 
0.0 
0.0 
0.0 
0.0 
4.3 
0.487 

154 
250 

20.4 

22.0 

/ 10 

SCATlERED ~CODLA~D 
r,rm D:-;t,RF FOREST 

Upland Black 
Spruce·Bog 

21.0 
13.9 
25.7 
30.2 
8.1 
1.1 
0.0 
0.1 

98.2 
1.8 
0.0 
2 

224 
5 

1.7 

7.4 

3.6 

0.0 
0.0 
0.0 

19.6 
67.9 
12.5 
0.842 

2.6 

15.7 

2.9 
11.8 
35.. 3 
50.0 
l. 069 

..3 :l.:l.~G. 
25044 

; 

3403 

12.5 
- 75.0 

12.5 
0.736 

71198 

0.0 
100.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.000 

56 
65 

44.1 

99.5 

LO'.·Il anc 
Spruce< 

~:oodl.' 

7. 
6. 

18. 
58. 
9. 
0. 
1. ::; 

1.0 

100.0 
0.0 
0.0 

0 

flat 
5 

4.9 

9.0 
3.7 

0.0 
0.0 
0.0 

42.9 
35.7 
21.4 
l. 051 

2.9 

1.4 

0.0 
5.9 

11.8 
82.4· 

I 0.579 
bf5~ 
5291 

424 

32.1 
42.9 
25.0 

- 1. 074 
18825 

73.4 
7.9 

18.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 742 

124 
190 

27.7 

42.6 

• 
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\ . r)equency of 1 
• Table 2. occurrence of plant species in unde rstory and ground levels of each bird census plot, Tetlin-Northway study area, Alaska 

August 1977. Sample size is given in parentheses under each plot name. 
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0\·IARF, LOVI AIW I~ EDIUM SHRU[lS 

21 
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~ e 5. Important correlation coefficients (r) bet n habitat and other variables and avian 

productivity and diversity variables, upper Tanana River Valley, Alaska, 1977. 
Statistical significance is indicated as*= p < 0.05 and**= p < 0.01. Selected 
variables are from Table l. - - ''' 
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Fi gure 18. Ordination of 26 bird speci es f r om low shrub to fully-

100 

developed forest habitat, Tetlin- North\'lay st udy area, Al a s ka, ·1977; 
f based on their "rnean habitat 11 rela t i ve to the habitat variables of 
~~ cano;Jy thickn ess and density of s hrub stems . 
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Appendix Table A-1. Summary of tree and shru b ages for the 18 

.. 
:- Tetl i n--North\'lay bird census plots . I3 ased on increment 

- borer samples taken August-:-No~ember 1977. 
~ 

f·laxi r1um 
Plot f·iea n Age Std Dev Age n 

Lol'll and Lm·1 & r.led i Ufil vii ll OVJ Thickets 148 .0 55. l 200 6 

Upland Lm..; & f·1ediun \·lillow Thickets" -+4 . fl~ 10.0 60 9 

Lov;l and Ta1l Alder-Willow Thicket 31.9 36.7 180 7 

LO\'Il and Tall l,Jilloi':-Poplar Thicket 26.6 4.3 36 10 

Upland Ta ll \·li 11 ov; Thicket ~1. 7 14.2 65 11 

Upland Aspen-Poplar Forest ]9 .8 3. 1 105 6 

Upland Aspen Forest #l ] 6.3 7.4 l 07 14 

Upland Aspen Forest #2 59 .1 7.8 72 9 

Upland Birch Forest #l 34.4 20.8 125 14 

Upland Birch Forest #2 53 .1 9. 1 76 10 

Upland As pen- \·Jh i te Spruce Forest 63 . 1 11.0 80 ll 

Upland Birch-\•J hite Spruce Fol"est (E- s ide) 105.6 16.9 130 7 

Upland Bi l"Ch-\1hite Spl"uce Forest ( \·1- side) 56 .5 4.7 60 7 

Upl and White Spruce-Aspen-Birch Forest 53 .5 5.7 57 4 

Upland \·Jh ite Spruce- "Tooth pick 11 

Birch Forest 49 .9 5.3 75 8 

Upl and \·!hite Spruce Forest #1 165 .5 16.9 200 15 

Upl and \·!hi te Spruce Forest #2 
r-

159. 6 15.3 185 7 

Upl and \·Jh i te Spruce Foi'est 153 . 6 51. 5 250 7 
; 

Lowl and White Spruce-Bii'ch \·!oodl and 1 2~ . 0 66.6 190 5 

\,_/ 
Upl and Bl ack Spruce Bog 56 .3 6.6 65 7 
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Appendix Tabl_e A-2. Heights of comr.1on interior Alaska breeding birds, ,. 
7 

obtained from University of Alaska Museum specimens collected 

during the breeding seasons frbm West and DeWolfe (1974, Table 5) 

and from calc•Jlations based on Carbyn (1971, Table 1). 

Species 

~1a 11 ard 

Pintail 

Green-winged Teal 

American \·!i geon 

Northern Shoveler 
Sharp-shinned Hawk 

American Kestrel 

Spruce Grouse 
Ruffed Grouse 

t·lei ght (g) 

1117,8 

8%.1 

336.8 

815.6 

609.9 
160.0 

124.5 

561.2 
593.6 

UAM (Univ. Alaska Museum) 

UA~1 

UAf" 
UAM (905.2), LSU (726.0) 

UAM (775.7), LSU (444.0) 

UAM 

UAi~ 

UAt~ 

UAt~ 

Sandhi 11 Crane 2481.0 UAi~ 

ComJ:',on Snipe 97.3 UAM 

Solitary Sandpiper .51.5 U/\M 

Lesser Yellowlegs 80.5 UAM 

Northern Phalarope 33.4 UAt~ 

f·lew Gull 432.8 UAf•1 

Great Horned OvJl 1416. 5 UAf~ 

Hav;k Ovtl 341 . 7 UAM 

Common Flicker 177.0 UA~1 

Hairy \·!oodpecker 74.0 UAM 

Om-my \·!oodpecker 25.8 UAf1 

Northern Three-toed Woodpecker 56.9 UAM 

Alder Flycatcher 

Ham;;:ond' s Flyca tcl~er 

Olive-sided Flycatcher 

Tree S\':a ll m·t 

12.6 

11.0 

34. 1 

18.0 

UAM (12.3), Carbyn (12.0) 
West & DeWolfe (13.6) 

LAM (18.4), LSU (17.6) 

----···-·-------------- ---------·--------------



Appendix Table A-2. (cont 1 d) 

Species 

Bank Sv1a 11 ow 

Cliff Sv1a 11 0\.Y -- Gray Jay 

Black-capped Chickad ee 
Boreal Chickadee 

Brovm Creeper 
American Robin 

Varied Thrush 

Swainson•s Thrush 

Hermit Thrush 

Gray-checked Thrush 
Ruby-crowned Kinglet 

Bohemian Waxwing 

Ora nge-crowned Warbler 

Yellm·1 l•Jarbler 

Yellow-rumped Warbler 

Townsend's Warbler 

Blackpoll Warbler 
Northern Waterthrush 
Wilson•s Warbler 

Rusty Blackbird 

Pine Grosbeak 

Common Redpoll 
Pine Siskin 

White-winged Crossbill 

Savannah Sparrow 

Dark-eyed Junco 

\·!eight (g) 

17.3 

18.3 
72.3 

11 .7 

11.5 

7.8 
88~0 

.... 
78.5 

28.0 

27.0 

29.5 

7.0 

59.3 

9.5 

9.7 

12.5 

9.4 

12.4 

17.3 

7.7 

48 ,9 

59.7 
14.2 
12.2 
24.4 

18.0 

... 
UA~1 

UAf~ 

UAM 

UAlvl 

Source 

99 

UAM (12.1), Carbyn (Jl .0) 

UAM 
UAM, Carbyn (88.0) 

UAM 

UAM (27.4), West & DeWolfe 
(26 .8), Carbyn (31 .0) 

UAM 

UAM (30,1), Carbyn (29.0) 
UAM (6.3), Carbyn (8.0), 
Wes t & DeWolfe (6.6) 

UAf·1 (60.6), Caroyn (58.0) 

UAr1 (9.8), \·lest & De\·Jolfe 
(_8. 3) 

UAH (l 0. 0), \·Jest & De\Jol fe 
(9.4) 

UAM (13;0), West & DeWolfe 
(12.3), Carbyn (12.0} 
UAM 

UAt•1 (12.8), Carbyn (12.0) 

UAM (17.0), LSU (17.6) 

UAM (7.8), West & DeWolfe 
(7. 6) 

UAi•l 

UAM 

UAt·1 

UAM 

UAr·l 

UAlv1 

18.6 .- UAl1 (18.4), \·!est & De\!o1fe 
(18. 5), Carbyn (19.0) 

r 
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Appendix Tab_l e A-2. ( cont • d) 
-
Species 

;;;.. Tree Sparrow 
White-crowned Sparrow 

Fox Sparrm'/ 
Lincoln•s Sparrow 

100 

Weight (g) Source 

. 
17.9 UAH 
24.0 UAM (23.7), West & DeWolfe 

(25.0) 

36.6 

15.8 .. .. 
UAM (15.7), Carbyn (16.0) 

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

Tetlin Junction-Northway study area,_Alaska. 

~17 r·~ay Commenced field work, most trees and shrubs not yet green 
Larger la~es still ice-covered, rivers and ponds ice-free 

18 May Selected pJtential bird census plot locations 

21 May Began surveying- cen~us plots 
.. 

28 May Began censusing plots ~ 

l 01 

Most tree, shrub, and herbaceous vegetation had green foliage 

2 June Dark-eyed Junco nest with eggs 
White-cro~ned Sparrow nest with eggs 
Tree Sparrow nest with eggs 

4 June First Fox Sparrow fledglings 
Lesser Yellowlegs nest with eggs 

1-.., 6 June Orange-cro·:med Harb l er nest \'lith eggs 

10 June Hatching Cark-eyed Junco 

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

14 June Pintail nest with eggs 
First Dark-eyed Junco fledgling 

15 June First hatching Lesser Yellowlegs 
First Rusty Blackbird fledgling 
Common Flicker nest with eggs 
First hatching Orange-crowned Warbler 

16 June First Varied Thrush fledgling 
First brood of Lesser Scaup 

19 June First Tree Sparrow fledglings 

21 June First Hermit Thrush nest \'lith eggs 

25 June !~a 11 ard brood 
Fi ~~st hatched Yellow Harb1er 

26 June Alder Flycatcher nest vJith egg-s 

--···------..,.,--------.------- ·---·--------------------
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Appendix TabJe A-3. (cont•d) 

27 June First Orange-crowned Warbler fle~g1ings 
Horned Grebe nest with eggs 

28 June First Swainson•s Thrush fledglings 
Pintail brood 

29 June First Savannah Sparro\IJ fledglings 
First Ruffed Grouse~young out of nest .. 

2 July First Bohemian Waxwing fledglings 

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

5 July First flight-capable immature Sandhill Cranes 

6 July 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 

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

8 July Boreal Chickadee fledgling 
First Townsend•s Warbler fledgling 
First Arctic Loon young 
First Greater Scaup brood 
First Com~on Goldeneye brood 
First Bonaparte•s Gull young 
First Arctic Tern young 

10 July American Wigeon brood 
First flight-capable Lesser Yellowlegs young 

13 July Ruby-c1~ov:ned Kinglet fledglings 

17 July Rusty Blackbi1~d adults molting to fall plumage 
First White-winged Seater brood 

18 July Cliff Swallows feeding young 

23 July Semipalmated Plover young 

~--· -··------.,...--------·---
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App!ndix Tab.le A-3. (cont'd) 

24 July 

25 July 

27 July 

2 Aug 

10 Aug 

14 Aug 

16 Aug 

18 Aug 

21 Aug 

24 Aug 

1 Sept 

2 Sept 

3 Sept 

10 Sept 

11 Sept 

12 Sept 

16 Sept 

First fall migrant--Baird's Sandpip_er, Least SandpipEi-r 
First flightless adult and immature Canada Geese 
First Whistling Swan--lone straggler 

First flight-capable immature Common Snipe 

First Bl ue-\·Ji nged Tea 1 brood 

Last Olive-sided Flycatcher ... 
Last !'iev1 Gull 

Last Hammo~d's Flycatcher 
Last Townsend's Warbler 

Last Alder Flycatcher 
Last Cliff Svm 11 ow 

Last Solitary Sandpiper 

Last Spotted Sandpiper 
Last Bank Sv1a ll ow 

Last Orange-crowned Warbler 

Last Com11on Flicker 

Last Sharp-shinned Hawk 

Last BrO\·m Creeper 

Last Belted Kingfisher 

Last Arctic Loon 
Last White-fronted Goose 
Last Green-winged Teal 

Last Hermit Thrush 
Last North em Shd ke 

Last Red-necked Grebe 
Last HOl'ned Gl~ebe 

Last Pintail 
Last American Wigeon 

______ , ____ ___,. ____ __,_ _ __, ___ _ 
_ _______ , __ _ 
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Appendix TabJe A-3. (cont 1 d) 

16 Sept Last Northern Shoveler 
Last Canvasback 
Last Lesser Scaup 
Last Bufflehead 

18 Sept Last Corr.mQn Snipe 
Last Swainson's Thrush 
Last Yellow-rumped Warbler 
Last Wilson's Warbler w 

.. 

19 Sept First snowfall at Riverside Lodge 
Last Common Goldeneye 
Last Blue-winged Teal 
Last A~erican Kestrel 

21 Sept Height of autumn foliage color on deciduous trees 

22 Sept Last Merlin 
Last Peregrine Falcon 

23 Sept Last Bald Eagle 
Last Varied Thrush 
Last Ruby-cro\'med Kinglet 
Last Water Pipit • 
Last White-crowned Sparrow 

27 Sept Last Sandhill Crane 
Last Pine Siskin 
Last Fox Sparrow 

1 Oct Most leaves off deciduous trees and shrubs 
Last Golden Eagle 

8 Oct Last Marsh Hawk 

13 Oct Last Rusty Blackbird 

14 Oct Last Canada Goose 

17 Oct Last \·:histling S\·:an 

18 Oct First heavy sno\'rfall (= 10 em), first lasting snow cover 
Tanana River ft~ozen completely ; 
Last Red-breasted Merganser 

19 Oct Last Rough-legged Hawk 

-----------
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Appendix Tab_le A-3. (cont 1 d) 

27 Oct Last Tree Sparrow 

~28 Oct Last Starling 
First Black-billed Magpie 

29 Oct Last Dark-eyed Junco 

30 Oct Last American Robi~ .. 
3 Nov Last observation of water.fovtl--3 ~1allards on Tanana River 

4 Nov Last Snow Buntings 

13 Nov Depart Riverside Lodge Field Station 

~----""·--:------r------,-~..,-----,,..----·----.. -·---------~---~~~~-



Appendix Table A-4. Bird nests found in Tetlin Junction-Northway study area, 19 77. 

Species Date Found No . Eggs/ Yo un g Sta tus Hatching Date Fledging Date 

Dark-eyed Junco 2 June 5 incubating 16 June 

~/Iii te-crovm ed Spa rrov1 2 June 5 incubating 11 June 

Tree Sparr01·1 2 June 5 incubating 12 June 19 June 

Lesser Ye llowlegs 4 June 4 incubating . 15 June 

ll,lrk-r. yecl Junco 10 June 4 hatched 

r in ta i 1 13 June 5 incubating 

~lack-capped Chickadee 13 June 

Boreal Chickadee 13 June hatched 

Common Flicker 15 June ? incubating 26 June 

Orange-crovmed Warbler 6 June 4 incubating 15 June 27 June 

I lenni t Thrush 21 June 4 incubating 2 July 12 July 

Yellov1 l·larbl er 25 June 4 brooding 29 June 

Yel low ~lar bl er 26 June 4 brooding 30 June 

Alder Flycatcher 26 June 4 incubating 

llorned Grebe 27 June 3 incubating 6 July 

llerm i t Thrush 30 Ju ne 4 incubating 13 July 

Dark-eyed Jun co July 4 incubatin g 7 Ju ly 

\·!Iii te-crm~ned Sparrmv 5 July 4 i ncuba ti ng 

Orange-crowned Warbler 9 July 3 incubating 

Red - nee ked ' G1rebe· 7 ,July 3 ;incubatin g 

Lesser Scaup 10 July 8 incubating 

"'T · 

~~~-~- ~- ~~- --·~~-~~~ .. ~JJ..~-~~~~~ 
lla bi tat 

ground, under Lcd1m1 bush, Girch-\~hite Spruce ' ~ore s t 

ground, in sedge tussock, under Uctula rzana , LOI'i-~\c dium 
willow shrub . 

ground, · in base of SaLix novae-angtiae bush, · Lmv-~led i um 
vii 11 01·1 shrub 

ground , at base of Sal ·ix novae-m1al-iae bush, Lmv-t·\ed i um 
vii 11 01·1 sh rub 

ground, under grass tussock, Aspen-Poplar forest 

grou nd, s tr.cp grave l benn of Alaska lligh1·1ay, 10m from 
highway, near sedge wetlands 

6 m high in rotted Paper Birch trunk, Paper Birch forest 

8 m high in rotted Paper Birch trunk, Paper Birch forest 

3 m high in rotted Balsam Poplar.trunk, Tal l Willow shrub 
l 

ground, undr.r W/>e1"wm cd11l·~ bush, in grass clump, open 
Parer Birch-White Spruce forest Y 

~Jround, under ~Illite Srruce re-gro1·1th in o,pen field, 
surrounded by vlhite Sprucc-Asren forest 

2 m high in Salix arobusculoidcs bush in open Tall WillO\v stand 

3 111 high in Srdix aPbwwrdoirlcs bu sh in dense Tall HillDI'i/Alder 
stand 

1 m high in ~z~us croispa growing in standing water, 
Tall Will ow/Alder stand 

ground, Equi setum fluviatile island at pond edge 

ground, surro unded by /·.';Ji l,•l.oi:cn ,; , rg :u;t ,:j'o Z ·~: cl and 
Calwnagr ost·ia canadenDis, in Paper· Bi rch 1 fdres t 

groun d, under gras s clur:rp in open l·lhite Spruce re gro1·1t h, 
surrounded by mature Hhite Spruce forest 

ground, at base of Betula nana, Low-Medium willow shrub 

ground, in grass clump in open, yo ung Aspen stand 

on floating Nup!rar polysrJ['alwn (Pond Lily) in shallow pond 

in sedge marsh, atop tussock, l m from pond edge, 
0.25 m above water level 
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Appendix Table A-5. Climatic characteristics at Northway, Alaska, May-September 1977. ,, I 

(Source: U.S. NOAA 1 977) 

~lay June July August September October 'f 

Tem12ero.ture 

~1ean maximum temperature (OF) 55.9 65.7 70.4 72.2 53.5 29.9 

~1ean minimum temperature (OF) 33.3 43.5 46.2 45.5 32.3 13.5 

t~ean temperature (°F) 44.6 54.6 58.3 58.9 42.9 21.7 

Departure from normal (OF) +0.2 -1.3 -0.2 +5.3 +1.1 -0.1 

Precioitation 

Total (inches) 1. 98 2.14 0.97 0.62 l 
c 1 . 51 0'.29 

I 

Departure from normal (inches) +1. 18 +0.24 -1.56 -1.02 +0.39 -0.24 
., 

Number of days with >0.10 inches 9 8 3 3 1 r\ u 

Day of greatest precipitation 5/26 6/21 7/15 B/26 9/22 10/18 

(Inches on that day) 0.4-5 0.50 0.35 0.25 1 . 12 0.70 

'I 
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Ap~~ndix T~Lle A-6. Breeding bird density and pre~ence of non-breeding birds on 24 census plots, Tanana River 
Valley, Alaska. Breeding densities are expressed in numbers of territories/10 ha and are based on six to 
eight 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 ~orlhway (N) plots 
~;ere census~;;d i.n 1977. Key: + = small portion of a breeding territory on census plot, counted as 0.1 in 
dr:~ity and qiversity calculations; v = a non-b1~eooing visitor to plot; .. = deletion froiil biomass and exis~ 
energy calculations, bec~use of disproportionate influence caused by family of heavy-bodied birds. 

Species 

l·:a 11 ard 
Pintail 
Green-winged Teal 
Sharp-shinned Hzwk 
American Kestrel 
Spruce Grouse 
Ruffed Grouse 
Sandhi 11 Crane 
Cmnmon Snipe 
Solitary Sc ndpi per 
Lesser Yellm·:legs 
Great Horned Owl 
Hc\·lk 011l 
Com;non Flicker 
Hairy \·:ood;::ecker 

Plot: 

Location: 

Size (ha): 

t:orthern Three-toed \·:oodpecker 
Alder Flycatcher 
1-\am!nond' s Flycatcher 
Olive-sided Flycatcher 
Violet-green/Tree s~allow 
Bank S\·:a 11 011 
Cliff S;·:allow 
Cray Jay 
Black-capped Chickadee 
Boreal Chickadee 
Brm·m Creeper 
;.merican Robin 
Varied Th1·ush 
Hermit Thrush 
Swainson's Thrush 
Gray-cheeked T~rush 
Ruby-crowned Kinglet 
Boherr,i an l·.'ax\·:i ng 
Orange-crowned Warble~ 
Ye 11 0\·1 \·.'arb 1 er 
Yellm·:-r.ur::ped ~:arbler 
Townsend's Warbler 
Blackpoll Warb1er 
J:orthern \·:a terthrush 
Wilson's ~arbler 
Rusty Blackbird 
Pine G1·osbeak 
Coo.1rr.on Redooll 
Pine Siskin 
White-winged Crossbill 
Savannah Sj)alTO'II 
Dark-eyed Junco 
Tree Spa rrcv1 
White-crGw~ed Sparrow 
Fox Spa1-r011 
Lincoln's Sparrow 

Total D~nsity (territories/10 ha) 
Total Eic,.·,?.ss (r;/10 ha) 
Total Existence En2rgy (k cal/10 ha) 
Total S~ecies; Breeding S~ecics 
Species Diversity (H') 
Species Ev2nness (J') 
Do":inance (:~) 

Lo~:l and Low 
& l·ied l·li ll ow 

N 

4.25 

+ 

+ 

8.2 
v 

4.7 

v 
+· 

+ 

v 
v 
v 

1.2 

+ 
v 
v 
v 
+ 

1. 2 

2.4 
v 
v 

3.5 

4.7 
9.4 
v 

8.2 

44. l 
4050 
1518 
26; 15 
2. 071 
0. 735 

39.9 

.. 

LO~I AnD f.',EDI.ur4 SHRUB THICKETS 

.. 

Upland Low 
& !·led Will ow 

R 

l. 61 

0.5 

v 

v 

2.3 

0.5 

v 
2.3 

v 
0.5 

2.3 

10.0 

9.3 

27.7 
1452 

635 
12;8 
1.587 
0. 763 

71.0 

Lo~1l and Tussock­
Low & Med Shrub Bog 

F 

10.00 

+ 
2.0 

v 

1.0 

v 

v 

v 

v 
2.0 

v 

v 

v 
v 

5.0 
5.5 

8.0 

23.6 
1198 

516 
'16; 7 

-

1. 610 
0.828 

57.2 

; 

j-

--~-~----:--..,..._-~---:--
-----------~ 



1-.;;pendix Table A-6. (ce;nt'd) 

Lo1~l and Ta 11 
Plot: Alder-Willow 

Species 

..!-'.a 11 ard 
::!~Pintail 

Green-winged Teal 
Sharp-~hinned Hawk 
Ar..erican Kestrel 
Spruce Grouse 
Ruffed Grouse 
Sandhill Crane 
Common Snipe 
Solitary Sandpiper 
Lesser Yellowlegs 
Great Horned 01~l 
Hawk Owl 
Common Flicker 
Hairy ~:oodpecker 

Lccation: 

::: i ze ( ha): 

~orthern Three-toed ~oodpecker 
Alder Flycatcher· 
Har.~mond's Flycatcher 
Olive-sided Flycatcher 
Violet-green/Tree Swallow 
Bank S1·1a 11 ow 
Cliff S1-1allow 
Gray Jay 
Black-c~pped Chickadee 
Boreal Chickadee 
Brown Creeper 
k;;erican Robin 
Varied Thrush 
Hermit Thrush 
S·,:a i nson' s Thrush 
Gray-cheeked Thrush 
Ruby-crm·med Kinglet 
Bohemian l·!axvli ng 
Orange-crowned Warbler 
Yello1-1 Harbler 
Yellow-rumped Warbler 
Townsend's l·:arbler 
Slackpoll Warbler 
r:o.-the1·n Ha terthrush 
Wilson's Warbler 
Ru.sty Blackbird 
Pine Grosbeak 
Common Redpoll 
Pine Siskin 
White-winged Crossbill 
Savannah Sparrow 
Dark-eyed Junco 
Tree Sparrpw 
White-crowned Sparrow 
Fox Sparrow 
Lincoln's Sparrow 

N 

3.35 

+ 

1.5 
v 

3.0 

v 
1.0 

10.5 

v 
+ 

v 

1. 5 

4.2 
+ 
v 
v 

6.0 
16.4 

v 

4.8 

3.0 
v 
v 

v 
v 

1.5 
3.0 
3.0 
4.5 

.... 

Total Density (tcrritories/10 ha) 64.3 
Total Biomass (g/10 ha) 3544 
Total Existence Energy (k cal/10 ha) 1464 

Total Species; Breeding ~~ecies 
Spec.ies Diversity (H') 

Species Ev~nness (J') 

-· ---·-·----~--

29; 18 
2.364 

0.818 

41.8 

.. 

TALL SHRUB THICKET 

Lo·.-:lc!1d Tall 
I-ii llO<I-Poplar 

N 

. 1. 61 

v 
0.4 

9.8 

v 

v 

0.4 

v 
+ 

7.9 
1:3.7 

v 

3.9 

v 
11.8 

7.9 
5.9 
3.9 

67.7 
2176 

1141 

17; 11 
2.036 

0.349 
.:). 6 

Upland 
Tall l~illow 

R 

1. 61 

0.5 

9.6 

v 

2.4 

4.8 

9.6 

9.6 

4.8 

0.5 

~ 1 .8 
1896 

847 

9;8 
1. 781 

0.856 

45.9 

l 09 

Lm·tl and Ta 11 
Alder-\~illov1 

4 , 

F 

10.00 

v 
1.0 
2.0 

7.5 
2.0 
2.0 

v 

1.5 
v 

v 

v 
v 
v 

v 

1.0 
4.0 

v 
v 
v 

10.0 
v 

3.0 
4.5 

1_.0 
v 
+ 

v 
2.0 
6.0 
1.0 
3.0 
·6. 5 

58.1 
5S88 

1S58 

32; 18 
2.584 

0.294 

?0. 1 

j 



~pp c ndix Table A-6. ( tG~t 'd) 

Plot: 

Location : 

Species 

,;; lla ll ard 
Pintail 
Gre e n-~inged Teal 
Sharp- shinned Hewk 
Ame rican V.estrel 
Spruce Grouse 
Ruffed Grouse 
Sandhill Crane 
Co mmon Snipe 
Solitary Sand piper 
Lesse r Yel l owlegs 
Grea t Horned 0~1 
He 1·: k O~il 
Coo:J:;~on Flicker 
Hairy 1-iood;Jecker 

Size (ha): 

Northern Three-toed Woodpecke r 
Alder Flycatcher 
Hammond 's Fl vca t cher 
Olive-sided Flycatcher 
Violet-green/Tree Swallow 
Ba nk Sh·allow 
Cli f f S1:a ll ow 
Gt·ay Jay 
Black-capped Chickadee 
Boreal Chickadee 
B1·m~n Creeper 
American Robin 
Va 1·i ed Thrush 
Hermit Thrush 
Swainson's Thru sh 
Gray-c hee ked Thrush 
Rub,Y-CrOI·med King l et 
Bohemi an Waxwing 
Orange-c rowned ~a rbler 
Ye 11 01·1 \·!arb 1 er 
Yellow-rum~ed Warbler 
Townsend's ~arble r 
Bl ackpo ll \-iarbler 
Northern Waterthrush 
\·!il son's \·!at·bler 
Rusty Bl ackbird 
Pine Grosbeak 
Com;no n P.edpo ll 
Pine Siskin 
White-winged Cros sbill 
Savanna h Sparrow 
Dark-eyed Junco 
Tree Sparrow 
White-crowned Sparrow 
Fox Spa rrow 
Lincol n's Sparrow 

Tota l l\:nsity (t<:rr i tories/1': ha ) 

Tota l Si omJss (g/ 10 ha) 

Total Existence En er gy (k cal/10 ha) 

Tota l Spec i es; Prc eding ~p~cies 

Species Diversity (H ' ) 

Species Evenness (J') 

Do;~ir.c:nce (;; ) 

Upland 
Aspen- Poplar .. 

R 

1. 61 

0.3 

1.3 
3.8 

0.3 

3.1 

2.6 
3.8 

5.1 

3.3 

5.1 

28.7 

1 ~ 98 

642 

10; 10 

2.092 

0. 9CJ3 

35.5 

.. 

DEC JD:..; QUS FO REST 

Upland 
Aspen #1 

R 

10.00 

+ 

+ 

+ 

0. 5 
+ 
v 

6.5 
v 
+ 

4.5 

+ 
5.5 

v 
6.0 

v 

v 

v 
+ 

4. 0 

27 . 7 

2C58 

792 

19; l3 

1. 782 

0. 695 

~5 . 1 

Upli!nd 
Aspen #2 

N 

1. 61 

0.4 

0.4 
v 

4. 9 
v 

6.1 
0.4 

4. 1 

5.3 

5.3 

26 .9 

1690 

700 

10;8 

l . 761 

0.84 7 

42.4 

Upland 
Birch #l 

R 

1 cr: 00 

+ 

+ 

+ 
+ 

1.0 
1.0 
0.5 

0.5 
1.0 
1.0 
5.5 

4.5 

5. 0 

v 
v 

1.0 

5. 5 

26 .9 

1386 

592 

17; 15 

2. l 04 

0. 777 

40 .9 

; 

11 0 

Upland 
Birch :=2 

R 

l. 61 

0.3* 

v 

v 

1.6 
v 

3.3 
6.6 

3.0 

6 . 6 

4.3 

25 .7 

1212 

546 

10;7 

1.736 

0. E92 ~ 

43. 2 

j-



Species --Mallaro 
Pintail 
Green-winged Teal 
Sharp-shinned Hawk 
~nerican Kestrel 
Spruce Grouse 
Ruffed Grouse 
Sandhi 11 Crane 
Common Snipe 
Solitary Sandpiper 
Lesser Yellowlegs 
Great Horned Owl 
Hawk 01'11 
Common Flicker 
Hairy \·!oodpecker 

Plot: 
location: 

Size (ha): 

Northern Three-toed Woodpecker 
A 1 der Flycatcher 
Hammond's Flycatcher 
Olive-sided Flycatcher 
Violet-green/Tree S1·1allow 
Bank S1~a 11 ow 
Cliff Swa 11 ow 
Gray Jay 

~lack-capped Chickadee 
Jreal Chickadee 

Brown Creeper 
American Robin 
Varied Thrush 
Hermit Thrush 
Swainson's Thrush 
Gray-cheeked Thrush 
Ruby-cro~·med Kinglet 
Bohemian l·!ax1·1i ng 
Orange-crowned Warbler 
Yellm~ Harbler 
Yellm~-rur.ped \·!arbler 
Townsend's Warbler 
Blackpoll Warbler 
~orthern Waterthrush 
l~il son's !·!arb l er 
Rusty Blackbird 
Pine Grosbeak 
Common Red po 11 
Pine Siskin 
White-winged Crossbill 
Savannah Sparro1~ 
Dark-eyed Junco 
Tree Sparrm~ 
White-crowned Sparrow 
Fox Sparrm~ 
lincoln's Sparrow 

Total Density (territories/10 ha) 
Total Bioffiass (g/10 ha) 
Total Existence Energy (k cal/10 ha) 
Total Species; Breeding Species 

r--,ecies Diversity (H') 

\ .• ..,_~ecies Ever.ness (J') 
Do::1i nance (:;) 

Upland Aspen­
White Spruce 

N 

1.84 

0.4 

1.3 

2.2 
0.4 
2.2 

10.8 

2.2 

2.2 

1.0 

v 

8.8 

35.9 

1786 

794 

12; 61 

l. 968 

0.821 

54.6 

Upland~Birch­
White Spruce 

N 

• 10.00 

+ 

+ 

.. 

v 

1.0 

+ 
1.0 
1.0 
2.0 

11.0 

+ 
v 

1.5 

6.5 
5.0 

v 

v 
1.0 

v 

6.0 

36.4 
1958 

832 

l 9; l ~-

1. 990 

0. 754 

48.1 

Upland Hhite 
Spruce-Aspen­

Birch 
R 

2.20 

1.5 

1.5 

3.0 
v 

5.9 

3.0 

3.9 

5.9 

6.9 

31.6 
1630 

703 

9;8 

1.954 

0.939 

40.5 

lm'lland !·lhite 
Spruce-Black 
Spruce-Birch 

F 

10.00 

v 

2.0 
v 
v 

v 

+ 

0.5 
v 

0.5 
+ 

1.0 

+ 
+ 

5.0 
0.5 
1.0 
v 
+ 

4.5 

2.0 
v. 
+ 

0.5 
0.5 

7.0 
v 

1.0 
2.0 
v 

28.6 
1602 

639 ; 

29;20. 

2.323 

0. 775 

42.0 

----,----:--:----..,.,.-----:--':"1':'""'---·------------·-----------
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Upland Hhite 
Spruce-"Toothpick" 

Birch 
N 

1. 61 

v 

v 

v 

0 

0 

0 

3 ;D 

0 

0 

0 



Appendix Table A-6. (cont'd) 

Plot: 

Location: 

Species 

.f:lallard 
!!Ptntail 

Green-winged Teal 
Sharp-shinned Hawk 
American Kestrel 
Spruce Grouse 
Ruffed Grouse 
Sandhill Crane 
Common Snipe 
Solitary Sandpiper 
Lesser Yello;·:legs 
Great Horned Owl 
Ha1.,k Owl 
Com.'ilon Flicker 
Hairy Hoodpec ker 

Size (ha): 

Northern Three-toed Woodpecker 
Alder Flycatcher 
Hammond's Flycatcher 
Olive-sided Flycatcher 
Vi o 1 et-green/Tree Swa 11 ow 
Bank Swa 11 ow 
Cliff S1·1a 11 ow 
Gray Jay 

. Black-capped Chickadee 
Boreal Chickadee 
Bro1-m Creeper 
Arneri can Robin 
Varied Thrush 
Hermit Thrush 
Swainson's Thrush 
Gray-cheeked Thrush 
Ruby-crm·med Kinglet 
Bohemian \{ax;·:i ng 
Orange-crowned Warbler 
Yellow Harbler 
Yellow-rumped Harbler 
Tm·msend's Harbler 
Blackpo11 l·:arbler 
Northern Haterthrush 
Wilson's Warbler 
Rusty Blackbird 
Pine Grosbeak 
Cor.1mon Redpo 11 
Pine Siskin 
White-winaed Crossbill 
Savannah Spurow 
Dark-eyed Junco 
Tree Sparrow 
\·:hite-crowned Sparrow 
Fox Sparrm., 
Lincoln's Sparrow 
Total Density (territcries/10 ha) 

Total Biomass (g/10 ha) 

Total Existence Energy (k ca1/10 ha) 

Total Species; Breeding Species 
Species Diversity (H') 

Species Evenness (J') 

Dominance {:;) 

Upland ~lhite 
Spruce ill 

T 

10.00 

+ 
+ 

+ 

+ ,._ 

v 
+ 
+ 

1.0 

2.0 
1.5 

+ 

7.0 

+ 
v 

1.5 
9.5 

v 
+ 
v 
v 

3.5 

26.9 

1450 

566 

21;16 
1.808 

0.652 

48.3 

.. 

COtll FEROUS FOREST 

Upland White 
Spruce #2 

T 

1 .. 6"1 

+ 

0.5 

+ 

2.5 
5.1 

10.0 

v 

3.0 

21.3 

1030 

432 

8;7 

1.363 

0. 701 

70.9 

Upland 
Black Spruce 

T 

1. 61 

0.5* 
v 

+ 

1.0 

1.0 

3.6 
+ 

2.0 

v 

7.2 

15.5 
682 

312 

10;8 

1.489 

0. 716 

69.7 

-----------,-----,...,-........,..-___,. ___ ,~'"-·-~~"""'~---··-- ----
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lo~1l and 
Black Spruce 

F 

5.75 

1.7 
v 

0.2 

v 

0.2 

0.2 

2.6 
0.9 
1.7 

3.1 

v 

0.2 

v 
7.8-

3.5 
v 
v 

22.1 
1328 

563 

17~1 
1.882 

0. 785 

51.1 

i 
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Apr,cndix Table A-6. (cont'd) 

Plot: 

Location: 

Species 

,; tlall a rd 
Pintail 
Green-winged Teal 
Sharp-shinned Ha~fk 
krerican Kestrel 
Spruce Grouse 
Ruffed Grouse 
Sandhi 11 Crane 
Corranon Snipe 
Solitary Sandpiper 
Lesser Yellowlegs 
Great Horned Owl 
Hawk Owl 
Cor:-.;:10n Flicker 
Hairy ~!oodpec ker 

Size (ha): 

Northern Three-toed l~oodpecker 
Alder Flycatcher 
Hao.,-:Jond's Flycatcher 
Olive-sided Flyc3tcher 
Violet-green/Tree Swallow 
Bank s~:a 11 ow 
Cl iff Swa 11 ow 
Gray Jay · 
Black-capped Chickadee 
Boreal Chickadee 
Brm~n Creeper 
American Robin 
Varied Thrush 
Hemit Thrush 
S~1ainson's Thrush 
Graj-cheeked ThrJSh 
Ruby-crowned Ki n:J1 et 
Bohemian Hax~li ng 
Orange-cro~med \·.s rb 1 er 
Yellow \·!arbler 
Yellm·:-rurr.ped \·!arbler 
Tm-msend' s Warbl~r 
Blackpoll \~arbler 
Northern Waterthrush 
l·:ilson's l·:arbler 
Rusty Blackbird 
Pine Grosbeak 
Corr;:non Redpoll 
Pine Siskin 
Hhite-winged Crossbill 
Savannah Sparrow 
Dark-eyed Junco 
Tree Sparrow 
White-crowned Sparrow 
Fox Sparrow 
Lincoln's Sparrcw 

Tota 1 Density ( terl"i tori es/1 G ha) 

Total Bio"'ass (s/10 ha) 

Total Existence Energy (k cal/10 ha) 

Total ·species; Breeding Species 

Species Diversity (H'} 

Species Evenness (J') 

Dor.li na nee ( ~) 

-

SCATTERED 1-:00DLNID AriD DHARF FOREST 

Lo~1land Hhite 
Spruce-Birch 

~!oodl and ,. . 

N 

1. 61 

.. 
0.3 .. 

+ 

v 

3.4 

i v 
3.4 
3.4 

v 
3.4 
1.7 

3.4 

3.4 

8.4 
3.0 
3.4 

37.3 
2218 

937 

15; 12 
2.262 

0.916 

31.6 

Upland Black 
Spruce Bog 

R 

1. 61 

v 

0.3 

0.3 

1.7 

" 
5.0 

3.3 

1.7 

6.6 
v 

3.3 

22.2 

1126 

496 

11 ;8 
1. 773 

0.853 

5.2.3 

Lo~1l and Black 
Spruce Bog 

F 

4.25- -

1.2 
v 

2.3 

+ 

0.2 

2.3 

+ 

0.5 

+ 

v 
8.2 

5.9 

20.9 

1~04 

531 

12; 10 
1. 534 • 

0.638 

67.5 

-----·-----,.----------·---
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\ __ 

j-
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