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BIRD COMMUNITIES OF NORTHERN FORESTS: PATTERNS OF
DIVERSITY AND ABUNDANCE’
MARY F. WILLSON~ AND TALLCHIEF A. COMET
ForestrySciencesLaboratory, 2770 SherwoodLane, Juneau,AK 99801
Abstract. Diurnal bird communitiesin Southeast
Alaskaand adjacentCanada,censused
in 1992-1994,sometimeshadhigherdiversityand abundancein deciduous
thanconiferous
forest.However,variation within eachbroad vegetationtype and amongyearsobscured
any generalpattern.Furthermore,rarefactioncurvesdid not differbetweenforesttypesand
a widercomparison
betweenthecommunitiesof deciduous
andconiferous
forestsin western
North Americawasvariablein both magnitudeand direction.Thus,thereis little evidence
for a generaltrend towardgreaterdiversityin bird communitiesof westernand northern
deciduousforests.Both deciduousand coniferousforestsof the far north are geologically
young,and therewassomeevidencethat deciduousforest,at least,may not be saturated
with bird species.
Certainspecies
weremissingor shiftedfrom coniferhabitatelsewhere
to
deciduoushabitatin our area.Coastalislandswith coniferousforestand mainlandpatches
of deciduoushabitat supportedabout as many speciesas expectedfrom the number of
individualspresent.
A smallnumberof bird species
dominatedthe communityat eachsite,but the dominant
species
differedconsiderably
amonglocations.Proportionalsimilarityof coastaland interior
forestwaslow, exceptfor locationsat the northend of the Inside Passage,
whichsupported
speciescharacteristicof both coastaland interior forests.The similarity of community
compositionin deciduousand coniferousstandswasalsolow, especiallyon the coast.
Key words: Speciesdiversity;relativeabundance;bird community;Alaska, Yukon;British
Columbia;habitat breadth;habitat shifts;borealforest;temperaterainforest;riparianforest.

INTRODUCTION
The study of avian communities has attracted
many ecologistsover the past forty years. Many
of the initial effortsemphasizedpatternsand processeson a very local scale. Some of the early
work foundered because of a too-narrow perspective and a tendency to focus on single variables. More recent studies have emphasized the
necessityof multi-scale, multi-factor approaches
and the inclusion of both short-term and longterm (historical) temporal variables. The difficulties of assessingnumerous variables and several scales, both temporal and spatial, and the
disrepute into which some community ecology
fell, seem to have deterred ecologistsin recent
years from embarking on studies of avian communities. Nevertheless, there is still a need for
studying these communities, both for understanding basic ecology and for enlightened land
management and conservation. The coastalrainforest of Alaska is subject to increasing anthro-
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pogenic disturbance and fragmentation, but almost no studies exist of its avian communities.
This paper provides the first intensive study of
the bird communities of this north-temperate
rainforest.
This study stemmed from an observation, in
1990, that we caught many more birds in understory mist-nets set in deciduous forest, even
in very small patches, than in the surrounding
extensive coniferous forest in SoutheastAlaska.
This observation stimulated two follow-up questions: 1) Is this contrast between coniferous and
deciduous forestsa general one, characteristicof
the entire community and found in other regions
as well, and 2) What factors might contribute to
the observed pattern? We have divided the presentation of resultsinto two papers.The first one
(this paper) is a description of diversity and
abundance of the entire diurnal avifauna, which
setsthe stagefor an examination of factors that
may contribute to patterns of diversity and abundance of understory birds (Willson and Comet
1996) and provides a basis for comparison with
other communities of forest birds. The primary
goal of this part of the study is to compare the
diversity (speciesrichness), relative abundance,
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was establishedin a valley, historically disturbed
by mining activity, at about 200 m elevation.
Most of the valley bottom was densely covered
with deciduous vegetation, chiefly alder, willow,
elderberry (Sambucus racemosa), salmonberry
(Rubusspectabilis)and viburnum (Viburnum edSTUDY AREAS
ule). Strips of cottonwoods occurred especially
Our primary study sites were located in coastal along the creek and on talus slopeson the lower
rainforest in SoutheastAlaska, near Juneau (ca. valley walls. One ridge was covered with small
58”22’N, 134”35’W). Coastal rainforest vegeta- conifers and scattered groves of large conifers
tion of SoutheastAlaska is dominated by Sitka occurred. A few grassyopenings were found in
spruce (Picea sitchensis)and western hemlock the deciduousstands.Recent resumption of min(Tsuga heterophylla).Principal understory plants ing activities expanded disturbance in the center
of the valley. The valley is nearly enclosed by
include blueberry (Vaccinium spp.), rusty menziesia (Menziesiaferruginea), western skunk cab- steep,sparselyvegetatedwalls, but conifer forest
bage (Lysichiton americanurn), and devil’s club approached the valley floor at two points. Back
(Oplopanax horridum). Small, occasionalstands Loop (BKLO): This level wetland is located in
of deciduoustreesare scatteredthrough the “sea” the Mendenhall Valley. The dominant vegetation was alder/willow thickets, with the addition
of coniferous trees, especially in successionalarof some open meadow with sedges,grasses,blueeas exposed by flooding, glacial retreat, or avalanches.Deciduous standsare primarily of alders berry, and labrador tea (Ledum groenlandicum),
scatteredponds, and tiny isolated stands of co(Alnus spp., esp.A. sitchensis)and willows (Salix
spp.), but cottonwoods(Populustrichocarpa)also nifer trees (usually l-5 trees). The site was surrounded by conifer forest and suburban develoccur in some areas.
We censusedbirds in several lowland forested opment.
In addition, we censusedseveral islands and
sitesnear Juneau.All three mainland conifer sites
were part of the “sea” of coniferous vegetation habitat patches. An array of offshore islands of
in the area. Davies Creek (DACR): Spruce-hem- varying sizesin Auke Bay, 0.8-2.4 km from the
lock forest grew on a slope of varying steepness, mainland, support spruce-hemlock forest. Some
bisected by an abandoned logging road and as- islands have been selectively loggedin the past,
sociated small patches of shrubby seral stages. some have steepslopes,and the understory vegMost of the area was covered by large, mature etation is similar to other conifer forestswith the
trees, numerous shrubs, and many fallen logs; addition of some Sorbus. Four small, isolated
the remainder was advanced second-growthwith deciduousstands(mostly Alnus sp.) on the mainfewer fallen logs and a less complex understory. land were also censused.These Auke Bay islands
Herbert River (HERV): Spruce-hemlock forest and the deciduous habitat patches on the maingrew on a level floodplain between two rivers. land were used for a preliminary examination of
Occasional small swalesa few meters wide lack- the relationship between habitat fragmentation
ing conifer trees were occupied by willows and and the avian community.
Additional study sitesin SoutheastAlaska were
alders. There were many fallen trees and associated root wads, and the lower branches of the located just north of Haines (ca. 59”15’N,
conifers were commonly festooned with clumps 135”26’W), at the northern end of the Inside Pasof moss. Two hiking trails crossedthe area. Pe- sage.The climate in Haines is generally someterson Creek (PECR) on Douglas Island: Spruce- what warmer and drier than in Juneau. Two sites
hemlock forestwasbisectedby a creekand hiking were characterizedby spruce-hemlockforest, lotrail. Topographicrelief was small, but someparts cated near Chilkoot Lake. One site (CHKO) ocof the area were poorly drained, with a more open cupied a small bluff above the lower Chilkoot
canopy. Douglas Island is well over 100 km*, River; large conifer trees grew along the slope of
and separated from the mainland by a narrow the bluff, but the top of the bluff supported trees
tidal channel and wetlands.
of smaller stature. The second site (LASI) was
The two deciduous-forest sites near Juneau located on a slope on the west side of Chilkoot
were contained within the surrounding conifer Lake; it wasbisectedby a loggingroad and crossed
forest. Sheep Creek (SHCR): Mixed vegetation by numerous small streams. Two study sites
and community similarity of diurnal birds in deciduous and coniferous forestsat three locations
in northwesternNorth America. A secondarygoal
includes preliminary assessmentsof the effects
of habitat patchiness.
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(COFP, KLRI) were placed in the floodplain of
the Chilkat River, where extensive standsoflarge
cottonwoods stretch many kilometers north of
Haines. Occasional sprucetreeswere mixed with
the cottonwoods, and the understory was composed mostly of viburnum and rose (Rosa sp.).
A third deciduous site (KLSL, to which we had
accessin only one year) was located on a slope
just above the Chilkat River and had a mixed
canopy of cottonwood, birch (Be&la sp.), and
maple (Acer sp.), with an understory of rose,
snowberry (Symphoricarpus alba), goosebeny
(Ribes sp.), and viburnum. The deciduous sites
near Haines were initially included in the study
in order to obtain census data from very large
stands,which are not available near Juneau; the
conifer sites near Haines provided within-location comparisons. Incidental surveys in large riparian stands located in nearby Skagway (about
30 km north of Haines) documented a similar
bird community there.
We also conducted censusesnear Atlin, B. C.
(approx. 59”35’N, 133”45’W), located acrossthe
coastal mountain range east of Juneau and
Haines. The Atlin sites provided the closestaccessiblecontrast at similar latitude to the study
sites in SoutheastAlaska on the west side of the
mountains and the opportunity to learn if the
deciduous/coniferous habitat contrasts seen in
the coastal rainforest also obtained where the
vegetation was different.
The continental climate of the interior yields
a very different flora. Extensive upland areasare
characterized by forests of white spruce (Picea
gluuca) with small enclaves of deciduous trees
(mostly willow and aspen, Populustremuloides).
Other areas are covered by large stands of postfire successional deciduous trees sometimes
mixed with willow and cottonwood, P. balsamifera) or lodgepolepine (Pinus contorta).The understory of the spruceforest is poorly developed;
mossesand lichens predominate, with scattered
dwarf shrubsand herbs.Upland deciduousstands
have an understory of rose (Rosa acicularis), viburnum, and soapberry(Shepherdiacanadensis),
plus some herbs. We used four sites on westfacing slopeson the east side of the Atlin Lake
drainage, near the B.C./Yukon border about 47
km north of Atlin. One pair of study sites, adjacent standsof spruce(BCSP) and aspen(BCAS),
were located at the border; a secondpair of sites,
again adjacent stands of spruce (YUSP) and aspen (YUAS), were placed about one km north
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of the first pair. A fifth site (PCPI) was placed in
a lodgepolepine stand, with trees of varying age
and occasionalwillow thickets, on Pine Creek, 6
km east of Atlin. There was little ground cover
here except mosses and lichens. A sixth site
(PCWI) was located where Pine Creek enters Atlin Lake, almost 3 km south of Atlin, in a floodplain of mixed willow, cottonwood, and alder.
There was little ground-cover in early summer,
but some herbaceous cover appeared later on.
This site was characterized by large amounts of
dead wood, both standing and fallen.
FIELD METHODS
We used point counts with indefinite radii, recording all diurnal birds seen or heard in each
habitat type at each point, excluding birds that
merely flew overhead. Counts were timed at 5
min and 8 min, but we usedthe latter for analyses
presentedhere. Our experienceindicated that the
longer count gave higher numbers of speciesin
many casesand thereforebetter representedwhat
was present, and it also allowed us time to confirm counts of individuals. Distance between
points was at least 150 m. This distance was
insufficient to avoid some overlap of individuals
at consecutive points on the transect; therefore
censusersmade an effort to keep track of individual birds as they moved from point to point.
Birds thought to be the same individuals at consecutivepoints were recordedas repeatsand were
not included in the assessmentof relative abundance. Analysis of the data using only alternate
points producedlittle changein numerical values
and no change of conclusions. The use of two
censuserson each census allowed confirmation
of identifications and counts.
We censusedpoints on each transect in different orders on consecutivecensuses.Censusesbegan at dawn (about 02:30 Alaska Standard Time
on 1 June), from mid-May (late May in Atlin)
to the end ofJune, 1992-1993. Most ofthe same
sites in Juneau and Atlin (but not Haines) were
also censusedin 1994. The data were not incorporatedin the primary analysisbecauseonly some
sites were recensused.We do not report these
data in detail here but, rather, use this third year
of censusingto confirm or challenge some of the
patterns seen in the first two years.
We plotted the number of species recorded
against the cumulative number of points sampled for each site in each year. In most casesthe
curve of speciesaccumulation levelled off (or at

340

MARY F. WILLSON

AND

TALLCHIEF A. COMET

least achieved >90% of the maximum number
of recordedspecies)after a small number of points
(X = 5, range 3-8) in both Haines and Atlin. In
Juneau there was more variability: the speciesaccumulation curve for most sitesreacheda plateau at an average of about 5 points (range 2-8)
but the curve continued to rise to 12 points in
SHCR in 1992 before levelling off, and DACR1993 and SHCR-1993 curves continued to rise
slowly even after 12 points had been sampled.
Thus, the number of points sampled at each site
(range 8-20) appearsto have yielded an adequate
representationof the speciespresentin most cases.
The rising curve in SHCR may reflect the large
structural heterogeneity of the site. There were
no consistentdifferencesbetweenvegetationtypes
or among locations in the number of points needed to record a maximum number of species.
When speciesaccumulation was plotted against
the number of censusesat each site (six to eight
censuses/site,except five at LASI), the curves
generally levelled off at an averageof four or five
censuses(range 3-6). There were no differences
between vegetation types in the number of censusesneeded to record the maximum number of
species.However, the Juneau location was the
only one at which six censuseswere often needed.
In 1994 we conducted intensive nest searches
in marked plots at four sites (SHCR, BKLO,
HERV, PECR) near Juneau. The details of these
studieswill be published elsewhere,but for comparisons of deciduous and coniferous stands we
use here the summaries of nest densities on the
four sites.
ANALYTICAL
METHODS

AND STATISTICAL

The measures that we compared for different
communities follow: a) Site diversity (number of
speciesrecorded at a site or speciesrichnessper
site); b) point diversity (average number of species recorded/point at each site), which would
vary independently of site diversity if horizontal
habitat heterogeneity were marked; c) spatial
heterogeneity (average point diversity/site diversity), an index of variation among points at
a site; and d) relative abundance (average number of birds/point). All measures are based on
“regular” species,which occurred on > 1 census
for each site; occasional species that occurred
only once were not included. Community similarity wasindexed by proportional similarity (PS),
following Holmes and Pitelka (1968); this index

combines species occurrence and proportional
abundance for each pairwise community comparison.
Three-way ANOVAs were usedto examine the
effectsof location, vegetation type, and year on
avian abundance and diversity. We choseto treat
all three factors as fixed effects (Model 1). For
location and vegetation type, this choice is unambiguous. Year effectscould be treated either
as random or fixed effects;in this casewe restrict
the conclusions to the particular years in question, permitting their use as fixed effects (Bennington and Thayne 1994). We commonly discuss main effects even when interaction terms
are significant. A significant interaction term can
arise when either the magnitude or the direction
of the difference for one factor varies with another factor; when the direction of the difference
is the principal concern, it is legitimate to test
for main effects even when a significant interaction is present (Sokal and Rohlf 198 1).
In addition to examining our data in unmodified form, for some comparisons we also examined the outcome of rarefaction, by which we
estimated the number of speciesexpected from
a random sample of individuals taken from the
censuses(James and Rathbun 198 1). This is a
way of standardizing the samplesby the number
of individuals. The observed number of species
on coastalislands and in mainland habitat patches was compared to the number expected there,
given the number of individuals observed. As a
basis of comparison, we pooled the censuses,using the samenumber of randomly selectedcensus
points for each site, for mainland conifer sitesto
compare with islands bearing coniferous vegetation, and for mainland deciduous sitesto compare with patches of deciduous vegetation. In
addition, we compared the rarefaction curves for
each vegetation type in each location.
RESULTS
PATTERNS OF DIVERSITY AND
ABUNDANCE

Relative abundance differed significantly among
vegetation types and locations, but not between
years (Table 1). Overall, relative abundance was
slightly higher in deciduous than coniferous forest, and much lower in Atlin than in Haines or
Juneau. However, again there was a significant
interaction between vegetation and location, because avian abundance differed little between
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TABLE 1. Patterns of diversity (speciesrichness)and relative abundanceof forest birds in northern forests.C
= coniferousstands,D = deciduousstands.J = Juneau,H = Haines, A = Atlin. Acronyms for sitesare spelled
out in Methods. Only significantor nearly significantterms of the ANOVA are shown.

Location

Juneau

Haines

Atlin

ANOVA Summary

(ModelI, 3-way)

Site

DACR
HERV
PECR
Avg.
BKLO
SHCR
Avg.
CHKO
LAS1
Avg.
COFP
KLRI
KLSL
Avg.
BCSP
YUSP
PCPI
Avg.
BCAS
YUAS
PCWI
Avg.

vep. t-me

Sitediversity
1992
1993

Point diversity
1992
1993

Relativeabundance
1992
1993

18
:;

20
23
19
20.7
19
19
19.0

11.2
10.8
13.0
11.7
11.8
12.3
12.1

14.5
13.9
13.0
13.8
11.3
11.3
11.3

7.1
11.7
8.5
9.1
;.;1

13
13.0
18
20
19
19.0

16
12
14.0
;;

7.5

5.6

7.5
14.1
12.1
12.1
12.8

13.4
9.1
11.3
15.2
13.0
14.1

16
15
10
13.7
16
17
16
16.3

19
16
9
14.7
15
14
18
15.7

10.8
10.3

11.9
9.0

;:;:
9.9
11.0
11.6
10.8

;:;
8.6
7.7
13.4
9.9

C
::

17.7
20
z.5

:

D
D
D
:
C
D
D
D

veg F = 10.5, P = 0.005
lot F = 8.0, P = 0.003
vegx lot F = 3.5, P = 0.052
D z C (exceptJuneau)
(18.8 z 15.6)
J=H=A,butJ>A
(19.5 = 17.0 = 15.1)

22.0

veg F = 3.6, P = 0.073
lot F = 4.5, P = 0.026
veg x lot F = 3.0, P = 0.073
D > C (exceptJuneau)
11.8 > 10.3
J=H=A,butJ>A
(12.1 = 11.4 = 9.6)

vegetation types in Juneau. Although in Haines,
and in Atlin 1992, relative abundance was consistently greater in deciduous than in coniferous
vegetation, the difference was not evident in Juneau or in Atlin 1993. However, nest searches
in Juneau in 1994 revealed that nest density was
very high in SHCR (0.12/100 m*), much lower
in BIUO (0.02/100 mZ), and very low in two
coniferous sites (O.Ol/lOO m2 for PECR and
HERV), suggestingthat census data might not
reflect an extremely high density of birds in
SHCR. In 1994, relative abundance was similar
in both vegetation types and greater in Juneau
than Atlin.
Site diversity differed significantly between deciduous and coniferous vegetation types and
among locations, but not between years (Table
1). Overall, diversity was higher in deciduous
than coniferous forest and lower in Atlin than in
Juneau, with Haines intermediate and similar to

8:5

5.6
12.5
11.3
8.5
14.1
5.5
4.5
1.8
3.9
5.8
5.6

10.4
10.9
8.4
9.9
7.0
10.0
8.5
7.5
9.2
8.4
11.6
10.6
11.1
5.2
4.0
2.0
3.7
2.8

veg F = 6.2, P = 0.022
lot F = 14.0, P = 0.000
veg x lot F = 4.0, P = 0.036
D > C (exceptJuneau)
a.9 > 6.7
J=H>A
(8.9 = 9.8 > 4.8)

both. There was a significant interaction between
vegetation type and location becausethe diversity in coniferousand deciduousvegetation types
differed little in Juneau. Rarefaction curves for
each location except Haines 1992 showed no
consistent differences in species accumulation
between deciduous and coniferous stands. In
1994, there was little difference of speciesdiversity between vegetation types, however, although
Atlin again supported low diversity.
Point diversity differed significantly among locationsand marginally significantly between vegetation types, but not between years (Table 1).
Point diversity was lower in Atlin than in Juneau,
with Haines indistinguishable from both. A marginally significant interaction term occurred becausediversity differed little between vegetation
types in Juneau. In 1994, point diversity differed
little between vegetation types, and point diversity was lower in Atlin than Juneau. Average
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TABLE 2. Ranksof communitymeasuresfor eachvegetationtype and location.H = Haines,J = Juneau,A
= Atlin; D = deciduous,C = coniferousvegetation.
Site diversity
Point div.
Rel. abund.

HD
20.2
HD
13.3
HD
12.9

2
2
>

JD

19.8
JC
12.7
JC
9.5

2

1
>

JC

19.2
JD
11.6
JD
8.4

spatial heterogeneityof bird speciescomposition
within sitesdiffered relatively little, ranging from
0.59 to 0.72, with no indication of relationship
to vegetation type or location.
Average site diversity, point diversity, and relative abundance data for each vegetation type x
location showedsome consistenttrends. Hainesdeciduous always ranked highest; Haines-coniferous, Atlin-coniferous and-deciduous were always low; Juneau-deciduousand-coniferouswere
always similar (Table 2).
Although there were no detectable year effects
overall, inspection of the data for each site in
each year revealed several marked annual differencesbetween 1992 and 1993 at certain sites.
Relative abundance increased by an average of
about two birds/point at CHKO and by more
than three birds/point at DACR (Table 1). Several speciescontributed to this trend at both sites,
but the biggestchange at both sites occurred in
Chestnut-backed Chickadees (Parus rufescens).
In contrast, large decreases(more than 2.5 birds/
point) were seen at BCAS and YUAS in 1993;
relative abundance in 1994 was also low at these
sites. The largest decreasesat both aspen sites
occurred in Yellow-rumped (Myrtle) Warblers
(Dendroica coronata, -0.95 birds/point) and
Dark-eyed (mostly Slate-colored) Juncos (Junco
hyemalis, - 1.59). Numbers ofYellow-rumps increasedat one sprucesite (+ 0.17) and both Pine
Creek sites (+0.77). Juncos decreased in both
Atlin spruce sites (-0.45) but increased only
slightly in PCPI (+0.23). Other speciesshowing
some noticeable decrease in 1993 were Hammond’s Flycatcher (Empidonax hammondii,
-0.4 1) in YUAS, American Robin (Turdus migratorius, -0.6 1) and Warbling Vireo (Vireo gilvus,-0.66) at both aspen sites.Hermit Thrushes
(Catharus guttutus)were absent from Atlin sites
in 1992 but present in 1993.
Furthermore, site diversity increased markedly between years at Haines-COFP (four spp.)

>

AD

>

AC

2

HC

>

16.0
AD
10.4

z

14.2
HC
10.0

>

13.7
AC
8.8

2

HC

>

AD

>

AC

7.4

5.7

3.8

and Juneau-HERV (eight spp.). In general, the
additional speciesrecordedwere observedin very
low numbers or are known to exhibit large annual variations in local abundance. These species
included Red-breastedNuthatch (Sitta canadensis), Red Crossbill (Loxia cuwirostra), and Pine
Siskin (Carduelis pinus).
Wood warblers (Emberizidae: Parulinae) were
consistently better representedin deciduous forest communities than in conifer stands at all locations. Sparrows (Emberizinae) were more diverse in deciduous than coniferous stands in
coastal forest, and thrushes(Muscicapidae: Turdinae) were usually more diverse in deciduous
forests.Woodpeckers(Picidae) were slightly more
diverse in deciduous standsin Haines and Atlin,
but in Juneau they were recorded only in conifer
stands, and then in low abundance.
COMMUNITY SIMILARITY
Overall, the avifaunas of Juneau and Atlin were
leastsimilar (proportional similarity [PSI = 28%).
The avifauna of Haines held many species in
common with both other locations, but was
somewhat more similar to Juneau (PS = 58%)
than to Atlin (43%).
The pooled avian communities of deciduous
and coniferous standswere quite different in the
coastal forests of both Juneau and Haines (PSs
= 22%; Table 3), although the communities of
the two vegetation types were less different in
Atlin (PS = 43%). Comparisons within vegetation type showed a narrow range of average PS
values from 68-77% in most cases;thus, even
apparently similar habitats commonly supported
moderately different bird communities. Comparisons between the communities of the aspen
and willow sitesand of the spruceand pine sites
in Atlin (that is, within broad vegetation type,
but between vegetation of differing structure and
composition) yielded lower PS values (57%, 53%,
respectively). The two deciduous sitesin Juneau
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TABLE 3. Proportional similarity among avian communities in different vegetation types. n = number of
comparisons included in the average. When more than two sites are compared at any location, all possible
pairwise comparisonsare included. For Atlin, the first comparisonsare between aspenstands(Deciduous)and
between sprucestands(Coniferous);the secondcomparisonsare between aspenand willow or spruceand pine,
as indicated.

Location

Juneau

Avg.
Range

Haines

Avg.
Range

Atlin (1)

Avg.
Range

Atlin (2)

Avg.
Range

vegetation
type
Deciduous

36%
(33-40%)
n=2
(2 sites, 2 yr)
76%
(73-78%)
n=4

(3 s, 1 yr; 2 s, 1 yr)
76%
(65-87%)
n=2
(2 aspensites,2 yr)
57%
(55-591)
n=2

L&id x Conif

Cmiferous

68%
(60-75%)
n=6
(3 sites, 2 yr)
69%
-

22%
(21-22%)
n=2
(2 yr)
22%
(19-26%)

n=l
(2 s, 1 yr)
77%
(72-83%)
n=2
(2 sprucesites,2 yr)
53%
‘n51i53%)

n=2
(2 yr)

(aspen x willow, 2 yr)

43%
(37-53%)
n=4

(spruce x pine, 2 yr)

were still less similar (36%); in fact, these two

sitesdiffered more than the two vegetation types
in Atlin (see above).
When the speciesof each community (vegetation type x location) were ranked in decreasing
order of abundance, the number of speciescomprising the top 50% of the total for each community was similar (five to seven)in all locations.
At each site, this number varied from two to five,
but no general patterns were evident between
vegetationtypesor among locationsin either year.
The dominant species(indexed as proportion
of the bird community) differed markedly among
locations. Pooled samples for each location
showed that, in both years, Varied Thrushes
(Ixoreus naevius)and Winter Wrens (Troglodytes
troglodytes)dominated (comprised 110% of the
avifauna) in Juneau, Wilson’s Warblers (Wilsonia pusilla) dominated in Haines, and Yellowrumped Warblers and Swainson’s Thrushes (C.
ustulatus)were predominant in Atlin.
Within vegetation types at each location, there
was some variation in dominant species.However, some consistentpatterns were that Yellowrumped Warblers and Swainson’s Thrushes were
usually in the top three most abundant species
at all Atlin sites and always at least in the top
six species.Varied Thrushes and Winter Wrens
were in the top four at all Juneau conifer sites,

(spruce x aspen, 2 yr;
pine x willow, 2 yr)

and Townsend’s Warblers (0. townsendi) in
Haines-coniferous vegetation. Wilson’s Warblers predominated at all Haines deciduoussites,
and Hammond’s Flycatchersin most Haines deciduous sites.
At all three locations, the proportion of longdistance migrants was greater in deciduous than
coniferous forests. On average, 69% of the species (range 65-73%) and 89% of the individuals
(range 8 l-93%) of deciduous forests were longdistance migrants, compared to 49% (range 4055%) of speciesand 60% of individuals (range
53-67%) in coniferous forest.
HABITAT SELECTION
Some species were notable for the breadth of
habitats occupied. If the relative abundance of a
speciesexceededabout 0.3 birds/point/day in a
range of habitats, we considered the species a
habitat generalist. Notable generalistsin the interior forests in Atlin included Yellow-rumped
Warbler, Dark-eyed Junco, and Swainson’s
Thrush, which were common on all Atlin sites,
both deciduousand coniferous. However, on the
coast, the junco was scarceand patchily distributed in a variety of vegetation types, and Yellowrumps and Swainson’s Thrushes were moderately common only in some deciduous sites.
American Robins occupied both deciduous and
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TABLE 4. Numbersof speciesobservedand expected(by rarefaction)on islandsand in habitatpatches.Size
of smallestislandsand patchesgiven to nearest0.1 ha.

V% type

Conifer

Size

Island/patch

Coghlan
Spuhn
Suedla
SuedlaAnnex
Battleship

67

73
11
3.2
1.3

coniferous sites in Atlin but were common only
in deciduous sites in Juneau and Haines. Rubycrowned Ringlets (Reguluscalendula)were common only in coniferousforestin Atlin but usually
occurred in both vegetation types in coastal forests.Red-breasted Sapsuckers(Sphyrapicusruber), never in high numbers, were found in coniferous forest in Juneau but deciduous forest in
Haines.
In contrast, some speciessuch as Hammond’s
Flycatcher and Warbling Vireo consistently favored deciduous sitesat all locations where they
were present. Records of Orange-crowned Warblers (Vermivora celata) and Wilson’s Warblers
at coniferoussitesreflecttheir occurrencein small
openingswith deciduouscover. Yellow Warblers
and Fox Sparrows(Passerellailiaca) were usually
found only in certain deciduous sites.Other species, when present, consistently occurred in conifer sites. These included Golden-crowned
Ringlet (R. satrapa) Chestnut-backed Chickadee, and Pacific-slope Flycatcher (E. d.$icilis).
ISLANDS AND HABITAT PATCHES
Most of the conifer-clad islands in Auke Bay
supported about as many species as expected
based on rarefaction of pooled mainland conifer
censusesand the number of individuals recorded. In five of ten comparisons, the difference between the observedand expectednumber of species was < 1, and in eight of ten comparisons,
the difference was <2; the observed sometimes
even exceededthe expected (Table 4). Two species, Bald Eagle (Haliaeetus leucocephalus)and
Northwestern Crow (Corvus caurinus), are
strongly associatedwith shorelinesand therefore
occurred commonly in the island censusesbut
seldom in the mainland censuses. However,

1992
Expected
Observed

13.5
15.5
10.2
4.1
5.3

12
18
10
4
5

1993
EXpV%d

Observed

17.9
18.5
12.2
;::

18
t:
4
5

omission of these two shoreline speciesdid not
change the basic similarity of speciesdiversity
on islands and mainland. Several mainland forest speciesnever appeared in our island censuses
(e.g., American Robin, Swainson’s Thrush, Yellow-rumped Warbler). In addition, several species occurred irregularly on different islands in
different years.
Four small deciduous patches surrounded by
conifer forest on the mainland each held about
as many speciesas expected by rarefaction of
pooled deciduous censuseson the principal sites
and the number of individuals recorded (Table
4). For this comparison, we used only species
that are typical of deciduous forest that probably
would not have occurred in these patches without the presence of that vegetation. These included Fox Sparrow, Orange-crowned Warbler,
Wilson’s Warbler, American Redstart (Setophaga ruticilla), Yellow-rumped Warbler, and
American Robin. We excluded species whose
territories were centered in conifer forest but
whoseforagingrange sometimes happened to encompass the some portion of the deciduous
patchesas well, such as Steller’s Jay (Cyanocitta
stelleri), Pacific-slope Flycatcher, Winter Wren,
Golden-crowned Ringlet, and Varied Thrush.
Speciesoccurrencein the small deciduouspatches sometimes varied annually, as was true for the
Auke Bay islands.
DISCUSSION
PATTERNS OF DIVERSITY AND
ABUNDANCE
The diversity of birds tended to be higher in
deciduous than coniferous forest of the north,
but the direction or magnitude of the trend var-

NORTHERN

ied annually, with specific vegetation composition, and location. Likewise, relative abundance
tended to be slightly greater in deciduous than
coniferous standsin our study; Juneau appeared
to be an exception, but censusesprobably underestimated avian abundancesin one of the deciduous sites. Judging from the number of unmarked birds caught in mist nests and the high
density of nests, relative abundances at SHCR
may be underestimated, perhaps because very
close packing of territories made it difficult to
distinguish individuals. In contrast to Jamesand
Warner (1982), we found no difference between
rarefaction curves in deciduous and coniferous
forests. However, while the diversity in deciduous stands sometimes exceedsthat in conifer
stands, the reverse seemsto be less frequent.
A sample of published reports comparing the
bird communities of deciduous and coniferous
stands in western North America showed that
the contrast in speciesdiversity varies greatly.
Some studies report little consistent difference,
although othersreport more speciesin deciduous
than coniferous stands (Salt 1957; Anderson
1972; Theberge 1976; Erskine 1977; Spindler and
Kessell980; Smith and MacMahon 198 1; James
and Warner 1982; Kesslerand Kogut 1985; Knopf
1985; Hopkins et al. 1986; Finch and Reynolds
1988; Scott and Crouch 1988a, 1988b). The contrast in diversity accompanied a parallel contrast
in avian abundance in some of these studiesbut
not in others, such that differencesin diversity,
when they occurred,could not be attributed simply to differencesin abundance. Most of the farnorthern studies show overlapping distributions
of speciesrichness in the two vegetation types.
Contrasts between forest types tend to decrease
with increasing latitude (Haila and Jarvinen
1990). Keast (1990) also noted little distinction
between the avifaunas of coniferous and deciduous stands, remarking that birds are versatile
in their habitat choices.As in the present study,
the proportion of the community comprised of
long-distance migrants is commonly higher in
deciduous than coniferous forest in the northtemperate zone (Nilsson 1979, Tomialojc and
Wesolowski 1990, Rabenold 1993).
Annual variations in bird populations are expected. However, the marked yearly differences
in avian abundance in our Atlin aspen standsare
particularly striking and occurred in speciesthat
differed in their distance and time of migration,
nestsites,foragingecology,and proximity to range
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limits. We could not link the annual differences
to severespring or summer weather or to potential prey abundance. Whatever the causesof the
annual differences,the result altered the contrast
between deciduous and coniferous stands.
The three study locations represent a gradient
of moisture, and perhapsother factors,with high
rainfall in the coastal forest near Juneau, intermediate rainfall near Haines in the rain shadow
of the Chilkat Mountains, and low rainfall in the
interior near Atlin. In Juneau, speciesdiversities
were high and similar in conifer and deciduous
forestsand similar to deciduousforestin Haines.
At the other end of the spectrum, speciesdiversities were low and only moderately different in
conifer and deciduousforestsin Atlin and similar
to conifer forest in Haines. This pattern suggests
the possibility that the bird communities of conifer forests may be more sensitive to the gradient of increasingdrynessthan the communities
ofdeciduous forest-or, conversely, that the bird
communities of deciduous forest are more sensitive to a gradient of increasing moisture.
Many northern bird communities may be unsaturated(Flack 1976, Enemar et al. 1984, Virkkala 199 l), probably including our northern cottonwood stands. Riparian cottonwood stands in
SoutheastAlaska are notable for the lack of birds
characteristic of this habitat farther south: species such as orioles, kingbirds, grosbeaks, and
buntings are missing. A few robins and vireos
nest in the canopy, Yellow-rumped and occasional Townsend’s Warblers may be found there,
and some of the habitat shifts described below
may be related to this ecological void, but the
cottonwood canopies in this region are not the
lively places familiar to bird-watchers farther
south.
The boreal forest or taiga is a relatively recent
vegetation formation in most of its present locations, coming to occupy its present-day highlatitude range in geologically recent times, about
lO,OOO-15,000 years ago (Blonde1 1990, Keast
1990, Haila and Jarvinen 1990). Furthermore,
climatic changes in much of western North
America resulted in the loss of much deciduous
forestfrom the Miocene to the Quaternary (Keast
1990). Deciduous trees in the west are mostly
seral, becoming dominant ahead of the conifers
on deglaciated,eroded, or burned lands; because
glacial retreat, braided rivers, landslides,and fires
are frequent in boreal landscapes, deciduous
stands are often extensive and common. Many
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of the birds of western deciduous forestsarrived
by colonization, often from the east, rather than
by in-situ speciation (Flack 1976, Keast 1990).
The ranges of many North American birds are
no doubt still expanding northwestward, and colonization by forest birds from Asia should also
increase as forestsexpand to the north and west
in Alaska, although spring weather may limit the
expansion of some species (VaisZnen and Jarvinen 1977, Heggberget 1987). Indeed, 24-33%
of the speciesat our study locations are very close
to their present northern range limits (Anonymous 1987, Peterson 1990).
Becausebird speciesdiversity was similar in
conifer and deciduous forests near Juneau and
to a lesserdegreenear Atlin, but the understory
avifauna wasricher in deciduousforests(Willson
and Comet 1996), it appears that more species
of birds usethe forestcanopy in the conifer forest
in these two locations. The greater number of
canopy speciesis not due to birds, such as crossbills and siskins, that specialize on conifer seeds
because such species appeared infrequently in
our censuses.Instead, the canopy birds are mostly insectivorous, probably exploiting the large
surfacearea of leaves and bark that are available
in theseconifer canopies.Juneau rainforestsmay
supporta relatively high diversity of canopy-users
becausethe tree-crownsin spruce-hemlockforest
offer both extensive foraging surfacesand a variety of nest sites including not only the dense,
leafy branches, but also numerous moss wads
and mistletoe clumps. Also, as discussedearlier,
the canopy of the relatively small cottonwood
standsnear Juneau was not heavily occupied. In
Atlin, the contrast in canopy structure between
aspen and white-spruce forestsis marked: aspen
crowns are very open, with relatively little cover
or surfacearea, while the spruceforest, although
more open than that in Juneau, offers denser
foliage. Haines offersan opportunity to examine
these suggestionsfurther: our impression is that
the conifer stands there have smaller trees, less
windthrow, and fewer mosswadsthan in Juneau.
COMMUNITY

COMPOSITION

Species dominance appeared to be greater in
northern than midwestem forests(Wisconsin and
Illinois). The number of species (two to five)
comprising the top 50% of the community was
lower in northern forests (this study, Theberge
1976, Erskine 1977, Spindler and Kessel 1980,
Enemar et al. 1984, Haila and Jarvinen 1990)
than in many midwestem forests (Mann-Whit-

ney U, P < 0.001). In deciduous forest stands
in the midwest, four to nine speciesusually constituted the top 50% of the community (Bond
1957, Willson 1974), although the total number
of speciesrecorded from the midwestem forests
differed little from most of our coastal forests.
Furthermore, the single most common species
in our study comprised 15-30% of the total census. This range is similar to that for many other
northern forests (Theberge 1976, Erskine 1977,
Nilsson 1979, Spindler and Kessel 1980, Westworth and Telfer 1993) and North American
conifer forestsin general (Wiens 1975). The frequency of our most common specieswas intermediate between some Alaska interior conifer
forests (Spindler and Kessel 1980) and many
midwestem forests (1 l-22%, data from Bond
1957, Willson 1974; Mann-Whitney U, p =
0.001). Similar contrasts between our northern
forests and midwestem forests are found when
comparing the combined frequencies of the top
two species/site.
Broad habitat nichesmay be common for many
northern birds (Erskine 1977, Haila and Arvinen
1990, Virkkala 199 1, Rabenold 1993). Other
studies have noted that certain speciessuch as
Swainson’s Thrush, Dark-eyed Junco, Yellowrumped Warbler, American Robin, and the less
common Gray Jay (Perisorw canadensis)quite
consistently behave as habitat generalists (Carbyn 1971, Theberge 1976, Erskine 1977, Spindler and Kessel 1980, Weisbrod 1980). These
observations match ours in Atlin, but in the
coastalforeststhesespecieswere either lesscommon or more restricted in habitat use. Swainson’s Thrush occupied a wider range of habitats
in Maine in the absence of congeners (Morse
1972), but we found no relationship between the
presenceor abundance of Swainson’s and Hermit Thrushes.
Of particular interest are speciesthat appear
to shift habitat type, either among locations in
northern forestsor between northern forestsand
those elsewhere.For example, Hammond’s Flycatcher is commonly described as nesting in coniferous forests (Robbins et al. 1983, Sakai and
Noon 199 l), although Ehrlich et al. (1988) noted
that it is found occasionally in aspen. In our
northern forests,this speciesis regularly recorded
in deciduousforest(this study, Spindler and Kesse1 1980, Armstrong 1995) and only rarely in
coniferous forest (Willson, unpubl.). Habitat
changesby birds more typical of coniferous forest has been reported for southwestern United
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States as well (Flack 1976). Other species appeared to occupy a narrower range of habitats
in some locations than in others. The Yellowrumped Warbler is reported to occur in both
coniferous and deciduous forest (Robbins et al.
1983, Ehrlich et al. 1988). Although it occurred
in both forest types in Atlin, we recorded it only
from deciduous forests on the coast. Blackpoll
Warblers (D. striata), which commonly breed in
coniferous forest (Gabrielson and Lincoln 1959,
Robbins et al. 1983, Ehrlich et al. 1988, Armstrong 1995), or both coniferous and deciduous
forests(Theberge 1976, Willson unpubl. data for
Atlin), were censusedonly in deciduous stands
in Juneau.
Absence or rarity of several speciesappeared
to be related to habitat conditions. The large cottonwood stands in Haines and Skagway supported breeding populations of several species
including Hammond’s Flycatcher and Warbling
Vireo found only rarely in the smaller standsnear
Juneau. Also, certain specieswere not recorded
from the islands in Auke Bay. However, because
so many forest speciesreached the islands including Blue Grouse (Dendragapusobscurus)and
Brown Creeper (Certhia americana), the absence
of these speciesis likely to be related not to lack
of access,but rather to lack of appropriate habitat
(Martin et al. 1995). Woodpeckersin Juneau and
Atlin forests were scarce(see also Bailey 1927,
Theberge 1976, Erskine 1977, Spindler and Kesse11980). However, area naturalists(Noble 1977)
occasionally report locally high abundances of
Red-breasted Sapsuckersand Hairy Woodpeckers (Picoidesvillosus),especially where there is a
high density of severelystressedtrees(sapsucker)
or a spruce bark-beetle outbreak (Hairy Woodpecker). Our observations in Juneau forestscontrasted markedly with the diversity and abundance of woodpeckers in midwestern forests
(Bond 1957, Willson 1974).
GENERAL DISCUSSION
All ofthe study siteswere, to someextent, habitat
mosaics. Most of the conifer sites contained a
few small (< 150 m*) enclaves of primarily deciduous vegetation, and the canopy of all the
deciduous sites contained occasional large conifer trees. As a result, some speciesmore characteristic of deciduous stands were recorded on
conifer sites, and vice versa. This is important
to recognizefor two reasons: 1) the diversity and
possibly abundance values were increased over
what would occur in a completely uniform stand,
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2) the birds were successfulin finding these tiny
patchesand using them. One or two sprucetrees
in a deciduous stand appeared to be enough for
a Ruby-crowned Kinglet or a Hermit Thrush to
hold a territory, and the adults then often foraged
in the surrounding deciduous vegetation. In speciessuchas Steller’s Jay, Red-breasted Nuthatch,
Northern Flicker (Cofaptes auratus), Boreal
Chickadee (Parus hudsonicus),territories were
probably located acrosshabitat boundaries. Our
censusesthereforerepresentedthe habitatsas they
occurred on the ground, and not some idealized
pure vegetation type.
Our results have several obvious implications
for land management that includes a goal of
maintaining avian biodiversity. 1) Habitat-suitability models derived from one location, used
to estimate potential populations supported by
a given tract of land, cannot necessarily be applied to another location, becauseat least some
birds changehabitats in certain areas.Some birds
also shift microhabitats (Willson and Comet
1996). Some field information must be derived
from each location to ascertain, at minimum,
that the speciesin question actually usesthe habitat in the way presumed by the habitat-suitability model. 2) When field censusesare used
to monitor speciesof specialinterest, they should
be conducted in a range of sites that offer a variety of vegetationcharacteristicsand over enough
years to encompassa range of annual variation
in abundance. Otherwise, there is a considerable
risk of obtaining an inadequate representation of
the speciesin question. 3) Because distinctive
plant communities often support quite different
bird communities, the maintenance of regional
biodiversity dependson maintaining a variety of
plant communities. In SoutheastAlaska, for example, deciduous standssupport a markedly different bird community than conifer stands, and
deciduous stands themselves vary greatly. It is
therefore important for regional biodiversity to
maintain both kinds of stands;the richest deciduous standsin SoutheastAlaska are the relatively
uncommon riparian cottonwood stands, which
thus acquire regional significance for biodiversity.
In addition, we emphasize that census information alone, however detailed and thorough, is
not enough. Density or relative abundance do
not necessarily represent reproductive success
(Vickery et al. 1992) and the contribution to population recruitment necessaryfor population viability. Thus, forward-looking land-manage-
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