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Abstract

Relationships of bird species richness and abundance during the breeding season with forest area and edge were studied for Len
lorest patches in the subalpine lovest-alpine tundra ceotone of the Beartooth Mlountaing, Wyoming, Species richness correlated equally
well with arca and edge. whereas mean number of Individuals fabundance) correlated best with area. Among species that differed
in their foraging habilals, species richness and abundanee of those most restricted 1o foraging within forest habitat showed the hest
correlation with area. Speciex that foraged mostly in surrounding meadows and those thal used bhoth lorest and meadow habitats
correlated better with edge than with area.

Forest patches of inlermediate size surrounded by meadow habital had greater number of individuals per census than either
smaller patches or a larger plol within & continuous forest stand. Number of species ninlermediale-sized patches was greater in
smaller patches. and approximately equal o thal in the continucus forest stand. These results are attribuled to the combined presence
of edge habitat from which birds may forage inte surrounding meadow and sufficient forest habitat for these species restricled 1o
foraging within forest. Patterns of species distribution. importance of edge. and changes in avian communily composition across
the range of forest patehes studied tentatively suggest that some predictions developed from the study of bird communities in forest
fragments ereated by human disturbance may not he applicable 1o communitics in naturally ocourring forest paiches in western

montune coniferous lorests.

Introduction

Many studies have shown that number of bird
species and individuals using small paiches of
woodland increase with area, both where forest
fragmentation has resulted from human activity
(Galli ef al. 1976, Whitcomb et af. 1981, Howe
1984, Hayden et al. 1985, Temple 1986, Blake
and Karr 1987), and where woodlots have heen
planted in a swrounding matrix of croplands
{Martin 1981a). These results have generated con-
cern that continued loss and fragmentation of forest
habitat will cause long-term declines in some forest
bird populations (Robhins 1979, Buicher et al.
1981, Whitcomb et el. 1981, Ambucl and Temple
1983, Blake and Karr 19871,

Given current interest in the effects of habitat
destruction on the decline of temperate forest
breeding birds, examinalion of bird communities
in naturallv-occurring forest patches is important
because these communilies presumably are no
longer adjusting to processes of habital fragmen-
tation (see Rosenberg and Raphael 1986}
analvzed the relationship belween hird species
richness and number of individuals (hereafter
referred 1o as abundance) and arca of small forest
patches in a forest-tundra ecotone, and tested the
prediction that species most dependent upon forest
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vegetation will show the greatest response to dif-
ferences in forest area. To my knowledge, a study
of this nature has not been previously underiaken
in a habilal unalfected by human activity.

Methods

I stucied bird use of forest patches in the subalpine
forest-alpine tundra ecotone of the Beartooth
Mountains, Wvoming. The ecolone is a mosaic of
plant communities resembling those of the con-
tinuous subalpine forest or alpine tundra in physi-
ognomy and taxonomic compaosilion. Discrete forest
stands within the ccotone oceur on rocky, well-
drained sites and are surrounded by meadow veg-
etation. There is a sharp transition between the two
plant communities. Many slands oceur on outerops
of rocky, well-drained soil, and are roughly circular
in shape; others are narrow (ca. 20 to 50 m) strips
of “ribbon forest” between broad bands of sub-
alpine meadow, and probabhly have resulted from
a combination of strong winter winds, snowdrift ac-
cumulation patterns, and cool summers (Billings

1969).

Ten study sites were selected to minimize dif-
ferences in habilat variasbles other than area and
edge. All sites were between 2900 and 2960 m?
elevation and 25 to 100 m from adjacent stands
ol trees. All forest paiches contained Englemann
spruce (Picea englemannii), subalpine fir (Abies
lasiocarpa), and whitebark pine (Pinus albicaulis).
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TABLF L. Characteristics of the ten forest patches, 1980 and 1981,

Arca Edge Number of Species Mean species/ Meun individuals/
Site # {m?) {m} coensuses (n) richness census (x + M) census {x + 5D
lago 1 600 a0 3 3 0.6 £ 0.5 04 + 0.5
2 1.200 140 3 [} 3.2+ 1.6 3.0+ 24
3 2.000 170 2 6 la = 1.1 28 + 2.0
1 5.900 330 3 2 2213 3.4+ 31
5 6H.200 430 5 10 3.3 £ 03 54 + 1.3
4] 9.000 00 5 11 3.2+ 08 16.2 £ 1.0
T 19.000 750 3 12 6.1 = 1.1 13.0 £ 9.3
8 22.000 380 Bl 13 T4+ 23 128 + 6.0
9 23.000 600 3 Q 5.6 £ 1.7 116 £ 6.0
10 40000 0 3 10 5.8 + 0.5 1.6 £ 36
1981 5 6,200 4350 11 10 1.0+ 1.0 7.1+ 35
7 10000 730 11 15 TH + 2. 17.0 £ 5.8
8 22,000 580 8 15 7.6 £ 1.6 13.6 £ 4.3
10 40.000 0 11 15 70+ 1.4 11.7 = 4.9

Average canopy height was about 8 m. Understory
vegelation was sparse. consisling primarily of
whortleberry (Vaceinium scoparium).

Nine patches surrounded by meadow habitat
varied in area from 600 1o 23.000 m? (Tahle 1),
To compare hird abundance in palches relative to
a larger. non-isolated stand, an additional plot of
40.000 m* was eslablished in a continuous forest
stand of ca. 6 ha. Because | wished to analvze how
reduced edge affeets richness and abundance of
forest interior speeies, boundaries were placed as
far from the nearest forest/meadow habitat discon-
tinuily as possible. Boundaries were ca. 50 m from
the nearest meadow on three sides of the plot. and
25 m from meadow on the other, although some
cdge impactls may extend further into deciduous
forest fragments (Temple 1986). Size of Lthe plot,
and distance of boundaries from the nearest mea-
dow habital. were limited by the discontinuous tree
distribution in the eeotone.

Faorcst patches were mapped in the field with
a 50-m tape and hand-held compass. Area of each
pateh was caleulated by cutling out each forest
pateh from a map of the study area, weighing it
to the nearest 0.001 g on an analylical balance,
and dividing the weight by weight per unit area.
Peritmeler of cach forest paich, hereafter referred
to as “edge.” was determined directly from ficld
measurements using a 50-m tape.

Fach site was censused five times during the
breeding season in 1980, For comparative pur-
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poscs. four plots were censused at least cight times
in 1981, During each visit. [ walked slowly through
the sile and recorded all individuals seen or heard.
A minimum of 15 min/census was allocated to the
smallest patches. and no census lasted more than
L5 h. A 25 m x 25 m grid was established in
the largest plot to facilitate census work. Most cen-
suses were conducted between 0600 and 1030:
each sland was also censused al least once hetween
1900 and 2100 to hear evening thrush choruses.

During census work in forest plots and sur-
rounding meadows, I quantified avian habitat
choice (either meadow or forest) for actively forag-
ing birds. Data were recorded al 15-s intervals
signaled with a lene pulse emitled by an electronic
metronome (Wiens et af, 1970}, No more than five
obscrvations were recorded on a single bird to re-
duce sampling bias. Although scquential observa-
tions of individual birds are not independent
(Morrison 1984), T wished to follow cach bird
through a series of foraging activities and not hias
my dats lowards conspicuous birds by recording
a single observation of each hird encountered (see
Wagner 1981}, Species represented by lewer than
30 observations were classified according 10 ac-
counts in the literalure. Three foraging habitat
groups (FHGs) were recognized (Table 2): [} spe-
cies for which = 90 percent of all foraging obser-
valions were in meadow habitat; 2) species for
which = 90 percent of all foraging observations




TABLE 2. Mean abundance (number of individuals/census/plot) and foraging habils of bird species in small forest patehes (600-
6.200 m?*). medium forest patches (9.000-23.000 m?). and a large continuous forest tract (40,000 m*). Values are
averaged for all censuses. 1980 and 1981, Nuniber of plots In cach size class are given in | ).

Abundance iindividualsivensusiplot

. . - Foraging hubilat
Small patches Medium patehes  Continuous traet - .

Species n=23j (n="r} in=1j FHG! 3] % Meadow % Forest  Ref.?

Hairv Woodpecker 0 0.03 0 F 4 0.0 100.0 1.9
{Picoides rillosus)

Northern Flicker 0.04 0.04 0 G 6 100.0 0.0 1.7
{Colaptes auratus)*

Grav Jav 0.05 0.13 0.94 [ 7 0.0 1000 2
[Perisareus canudensisi™

Clark’s Nuicracker 0.22 1.29 1.06 [ 11 a7l 429 200
(Nueifraga colwmiana)

Mountain Chickadee 016 1.00 1.50 F 96 0.0 100.0
Parus ganbel)*

Red-hreasted Nuthatch 0 0.03 0.19 F 9 .0 100.0 3.9
ISt canadensisitt

White-breasted Nuthatch ] 0.10 0.06 3 0 3.9
I15itta carolinensis)®

Ruby-crowned Kinglet { 0.81 1.19 F 37 0.0 100.0
{Regulies calendilay*

Mountain Bluebird 0.31 0.71 (1.06 ¥ 161 93.2 0.8
ISialia curncoides)™

Hermit Thrush f 0.02 0.13 ¥ 0 4
(Catharus guttotus)

American Robin 0.84 2.60 1.44 M 32 93.9 O.1

(Turdus migratorius)®

Waler Pipht 0.72 .29 0 hil 178 100.0 0.0
(Anthus spinoletta)

Yellow-rumped Warbler (.21 0.77 1.13 F %) 0.0 100.0
iDendroica coroncaia)®

Chipping Sparrow 0 0.21 0.06 G 30 60.0 40.0
Spezelle passerina)®

Vesper Sparrow 0.04 0 0 M 4 100.0 00 5
{Povecetes gramineus)

White-crowned Sparrow 112 L8 0 G 147 638.1 31.9
(Zonotriehia leucophrvst®

Dark-cved Junco 0.68 2.44 3.44 G 116 37.9 6n2.1
Ufurieo hvemalisy®

Rosy Finch 0 0.02 0 M 51 100.0 0.0
(Leucosticte arcioa)

Cassin’s Finch 0.29 1.48 0.09 0 T8 57.8 42.2
(Carpadacus rassinii)*

Pine Grosheak 0.08 : 0.28 0.94 G 24 20.8 79.2  5.6.8
iPinicoda enacleatury®

While-winged Crosshill U 0 0.13 F 2 0.0 1000 5
{Loxic fevroptera)

Pine Siskin 0 0.11 0.73 G 15 33.3 00.7 5.8

(Carduells pinusi#

'WHG = Foraging habitat group: M = meadow-foraging species, G = generalists. F = forest-loraging species.

n = number of foraging ohservations.

*Ref = references on foraging: 1 = Bent 1939: 2 = Bent 1946 3 = Bent 1948: 41 = Bem 1919; 53 = Bent 1968: 6 = French
1954: 7 = Gabrielson and Jewell 1940: § = Newlon 1972: 9 = Swlleup 1968; 10 = Tomback 1977,

#Species known to breed within forest stands in the ecotone.

#Species that probably hreeds within forest stands in the ecotone.
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were in forest habitat; and 3) generalists that for-
aged in both forest and meadow habitats,

I examined species-arca, abundance-area,
species-edge. and abundance-edge relationships us-
ing log-log (power). semi-log (exponential), and un-
transformed (lincar) regression functions (Martin
1981a). Besl-fil functions were determined by com-
parisons of correlation coefficients; | determined
significance of the coefficients with tables in Rohlf
and Sokal (19813, Relationships of FHGs to area
and edge were also examined with regression func-
tions. Additionally, proportion of the 1otal avian com-
munily comprised by each FHC was compared
among three plot size classes: small tracts from 600
te 6.200 m? (n=>5); medium tracts from 9,000 to
23,000 m* (n=4); and the largest tract {40,000
m?). Proportion of species and 1otal individuals in
the three FHGs were caleulated for each patch,
based on cumuiative dala from all censuses. Pro-
portions were then averaged over all plots in each
size class. Size classes were separaled between
6200 and 9.000 m? to include approximalely equal
numbers of patches in the small and medium
classes.

Results
Species Richness and Abundance

Species richness for the nine smaller forest patches
increased with both arca (Log.Y = 0474 +
0.323Log.X; r = 0.860. P < 0.01) and cdge
LogY = 0.305 + 0.5361LogX; r = 0.863. P
< (101} in 1980, with power funclions providing
the best fit (Fig. 1). Mean number of species per
census did nol differ for plots censused in both
years (I-lests, P > 0.10). Mean abundance (in-
dividuals per census) also increased with both area
{r=0914. P < 0.0]) and edge {r = 0.863, P
< 0.01) in 1980, with the linear function providing
the best fit (Fig. 1). There were no between-year
differences in mean abundance for patches cen-

sused in both 1980 and 1981 (t-testz, P > 0.10).

Several results indicale that species richness
and abundance were lower in the largest forest plot.
which lacked adjacent meadow habitat, than in in-
termediate-sized forest patches surrounded by
meadow, First, at least as many individuals and
species were observed per census in intermediate
palches as in the largest plot, despite an approx-
imately 200 percent difference in area (Table 1).
The species richness curve also appeared 1o level
off at an asympiote ahove 22,000 m? (Fig. 1). Sec-
ond, bird abundanee in the targest plot fell below
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Figure 1. Mean nmumber of individuals per census (lop) and
total number of bird species (hollom) plotted against
area for the ninc smaller forest paiches. Regression
lines are based upon 1980 data enly (closed circles);
data for 1981 (open iriangles) and largest patch (plot
without edge} are shown for compurison.

values predicted by the regression equation cal-
culated from data for the nine smaller palches
ikig. 1).

Foraging Habitat Groups

Of the 22 species observed, eight were placed in
the: generalist FHG, five in the meadoew FHG, and
nine in the forest FHG (Table 2). The meadow
FHG included species that used forest patches for
nesting [American Robin and Mountain Bluehird
{all scientific names are given in Table 2)] and
perch sites only (Water Pipit, Rosy Finch, and
Vesper Sparrow). Except for the Dark-eyed Junce,
gencralists usually nested in forest habital, although
White-crowned Sparrows zlso nested under willow
{Seliv) clumps in meadows. Based on foraging
observations and literatlure references [sce Table
2), T placed several species that feed primarily on




seeds, buds. or foliage during much of the year
in the generalist FHG (Clark’s Nutcracker, Pine
Grosheak, and Pine Siskin).

FHG Distribution Patterns

As predicted, meadow species were not correlated
with forest patch area {r = 0.5366. P > 0.03),
while number ol generalist species (r = 0.893, P
< (.01} and forest species (r = 0.773. P < 0.05)
increased with forest patch arca. When dala from
the largest plot were added 1o the regressions. the
fit was deercased for meadow species and
generalists, and increased (r = 0.843) lor forest
species. Fdge was a beller predictor of species
number for the meadow FHG in forest patches (r
= 0.678, P < 0.05), cven though robins and
Mountain  Bluebirds nested within the forest
patches and up to 50m (rom the forest edge. Edge
was also a better predictor of species richness for
gencralists (r = 0911, P<C 0.01).

Regression of mean abundance per census
against arca, based on data [or the nine smallest
plots, were significant for the generalist {r = (1,945,
P < 0.01) and florest (r = 0.839. P < 0.01)
FHCs. When data from Lhe largest plot were add-
ed, a better fit was provided only for the forest FHG
(r = 0.912). Removal of generalist FHG species
that presumably relied more heavily on resources
within forest patches than in surrounding meadows
{Pine Grosbeak, Clark’s Nutcracker, and Pine
Siskin) from the abundance-area regression re-
duced the fit to r = 0.680 for the generalist FHG.
As with species number, edge provided the best
estimatc ol ahundance (r = 0,678, p < 0.05} lor
the meadow FHG.

As plot size increased. {orest species and in-
dividuals represented an increasing proportion of
the total community (Fig. 2}, Proportions of gener-
alist species and individuals were similar in all plot
sizes. Meadow FHG species and individuals repre-
sented a larger proportion of the community in
small patches than in intermediate patches or the
largest plot.

The meadow-Toruging American Robin and the
generalist Dark-eved Junco, which foraged primar-
ily on the Torest floor and in small clearings
(Norment, unpublished data), were the only species
abundant on all plots (Table 2). Only meadow and
generalist species were observed at rates = 0.5
individuals per census in small patches. Included
in this group were Dark-eved Juncos, Water Pipits,
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Figure 2. Average percent of total ohservations (number/
census/plot) of species {top) and individuals (boueom)
contributed by the forest FHG (F). gencralist FHG
(), and meadow FHG (M) in the three plol size
classes (1 = 600-6.200 m*: 2 = 9.000-23,000 m*;
3 = 40,000 m?).

White-crowned Sparrows, and American Robins;
the twoe latter species nesled n very small forest
palches (= 100 m’} in other parts of the ceotone.
Many generalist and  meadow  species  were
restricled to forest habitat near the periphery of
patches, and were rarely, if ever, observed in the
Jargest plot, which had boundaries = 25 m of the
nearcst meadow habital. Included in this group
were the Northern Flicker. Mountain Bluebird.,
Walter Pipit, Cassin’s Finch, Chipping Sparrow. and
W hite-crowned Sparrow (Table 2).

Members of the lorest FHG were abundant enly
in forest patches = 9,000 m? (Table 2). The only
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common members of the foliage-gleaning guild—
Mountain Chickadee, Ruby-crowned Kinglel, and

Yellow-rumped Warbler—were most frequently en-
countered in the largest plot. Bark probers and
gleaners (c.g., Hairy Woodpecker and Red- and
White-breasted Nuthatches) were rarely ohserved
in the subalpine forest-alpine tundra ecotone.

Discussion

The current study is similar to previous studics of
hird communities in foresl fragments in that in-
creased arca accounted for increased species rich-
ness and abundance (Galli et al. 1976, Ambuel
and Temple 1983, Freemark and Merriam 1986,
Temple 1986. Blake and Karr 1987, and others).
However. the strong respanse of the meadow and
generalist FHGs to edge suggest that it is alse im-
portant in determining bird species richness and
abundance in foresl putches in the Beartooth
Mountains. Forest patch area appearcd to be more
important than cdge for species that rely on forest
habitat for bolh nesting and foraging.

Relatively few studies have directly analyzed
edge as a variable influencing bird communities
in woodland fragments. Bird specics richness and
abundance in Seuth Dakota shellerbells were
positively. but less strongly, correlated with edge
than with area (Martin 19814a), although the con-
verse was found for bird communitics in Minne-
sota shellerbelts (Yahner 1983). Bird species
richness alse was positively correlated with plot
cdge in Douglas-{iv (Pseudotsuga menziesii) forests
it California (Rosenberg and Raphael 1986), Bird
species richness in Hlinols forest fragments cor-
related most strongly with area, although some
species were also influenced by amount of woodlot

edge (Blake and Karr 1987}

Ecological generalists that feed in both forests
and surrounding habitats are important compo-
nents of bird communitics in many forest fragments
{Galli et al. 1976, Marlin 1981 a. Whitcomb et al.
1981, Blake 1983, Hansson 1983, Howe 1984,
Hayden et al. 1985, Haila 1988). In the Beartooth
Mountains. intermediale-sized patches mayv support
more birds than cither small patches or the interior
areas of continuous forest because they contain suf-
fictent habitat for forest species and are surround-
ed by meadows thal provide abundant food for
spectes nesting in forest stands, Use of surround-
ing habilat for foraging may account {or increased
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nesting densilies in riparian communities and
shelterbelts surrounded by agricultural fields that
provide abundant resources but lack suitable nest
sites (Carothers et al. 1974, Martin 1981a}.

Absence ol specics that require edge or near-
by meadow habitat may partially explain lower
abundance and lack of increase in species richness
in the continuous forest plot. However, three ad-
ditional lactors may alse be important. First, the
largest plot may have been oo small to attract forest
interior species Lhat require extensive blocks of
habitat. The number of species present on the
largest plot, and which probably bred in forest
stands in the ccotone (13}, was less than the
number of breeding scason non-raplors in larger
areas i two other northern Rocky Mountain
spruce-fir forests (Sall 1957, Thompson 1978).
This could explain the absence from the ceotone
of six species reported in each of the above studies,
and two guilds gencrally present in Rocky Moun-
Lain spruce-fir forests: timber-drill, and air-perch-
soar (see Smith 1980). A similar explanation may
account for the absence of woodpeckers from
small. forested lake islands (Howe 1979), How-
ever, polenlial area effects are the result of limita-
lions on the avian communily caused by patchy
tree distribution and limited stand size in the
ecolone, rather than arbitrary use of small plots,
Whether larger plots would have yielded greater
numbers of species and individuals is, in some
ways, & moot point since larger, continuous stands
were nol found.

Second. relatively few neotropical migrants,
such as wood warblers (Dendroica spp.) nest in
spruce-fir forests (Smith 1980). Neotropical mi-
grants are strongly alfected by forest fragmenta-
tion and their species richness and abundance
show strong area-dependent responses (Lynch and
Whitcomb 1978, Keast and Morton 1980, Whit-
comh et al. 1981).

Third, Englemann spruce comprised 70 per-
cent of the trees in lorest patches in the ceotone
{Norment, unpublished data). Finglemann spruce
forests supporl poor avifaunas. particularly of
loliage-gleaning species (Smith 1980), and hird
species richness and densities decrease as Fngle-
mann spruce increascs in abundance {(Austin and
Perry 1979, Smith and MacMahon 1981). Low
densities may be due in part to low abundances
ol ground and foliage arthropods (Fichter 1939,
Hayward 1945. Norment, unpublished data).




Conversely, forest birds capable of foraging in
meadows in the Beartooth Mountains can exploit
abundant arthropod populations during much of
their breeding cvele (Norment 1987). Whalever
the ultimale cause, a small source pool, or high
ratio between number of speeics present in a series
of hahitat patches or islands and source pool size,
should decrease the strength of the area response
in island (or patch) situations (Schoener 1976,
Martin 1981b}. Thus the combined elfccts of a
small source pool of spruce-fir forest interior
species, small forest patch size, low resource levels,
and lack of edge habital may explain the relative-
ly low bird abundance and lack of increase n
species richness in the continuous plot.

Because the study did not include replicates
in the largest size class. differences hetween Lhe
continuous foresl plol and smaller forest patches
could be due to specific site characteristics and not
to more general effects related 10 arca. However,
census data from forest interiors {= 25 m from
the nearest edge) throughout the ecotone collected
during 1980. 1981, 1984, and 1987 (Norment,
unpublished data) suggest that this habhat is
generally depauperate in bird species and in-
dividuals. Only 15 species were observed 1o nest
in forest interior habitat. and all of these except
the Hairy Woodpecker were observed in the large
plot {Table 2). Additionally, cumulative detectien
rates {(number of individuals observed/hour) in the
interior of six forest palches = 2.0 ha were very
low or 0 for species rarely seen in the large plot.
For example. cumulative detection rates for the
Northern Flicker. Mountain Bluebird, Cassin’s
Finch, and White-crowned Sparrow were 0.07,
0.05. 0.16. and 0.05 individuals/hr {Norment, un-
published data).

Responses of bird communities to differences
in area of forest fragments are influenced by pat-
texns of resource distribution, habitat heterogenei-

ty, the surrounding habilat matrix. isolation of

forest patches. composition ol the species source
F [ P
pool. and time since (ragmentation (Butcher et al.

1981, Martin 1981a, Whitcomb et al. 1981, Blake
1983, Howe 1984, Freemark and Merriam 1986.
Rosenberg and Raphacl 1986, Blake and Karr
1687}. Because physical and biotic characteristics
of western montane coniferous foresls and eastern
deciduons forests differ. responses 10 habitat
fragmentation by bird communities in these forest
types also may be expected to differ (Reese and
Ratti 1988). At higher clevations in the Beartooth
Mountains, forest bird communities may respond
less strongly to area than forest bird communities
in eastern and midwestern forest fragments, al-
though this conclusion would be strengthened by
further comparative work in forest patches and
continuous forest. Presumably, a long-lasting
equilibrium exists between meadow and Torest
vegetation in lhe Beartooth Mountains (Billings
1969), and forest bird communitics are not
presently adjusting to habitat changes. Tnstcad,
abundant resources in surrounding meadows, the
presence of relatively few species strongly affected
by habitat fragmentation, and the highly frag-
mented nature of the forest-tundra ecotone may
produce a system in which inlermediate-sized forest
patches contain more individuals than larger
patches, and edge is a better predictor of species
richness than area.
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