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Abstract

Studies of the endangered Kirtland’s warbler in relation to landscape ecosystems were conducted from
1986— 1988 on a large wildfire-burn surrounding Mack Lake in southeastern Oscoda County, Michigan. A
landscape ecosystem approach was used to distinguish low- and high-elevation segments of the landscape,
as well as 11 local ecosystem types. The ecosystems were distinguished by physiography, microclimate, soil,
and vegetation. The early occurrence of the warblers was strongly related to landscape structure, i.e., to the
broad low- and high-elevation areas and the local ecosystem types within them. Territories of male warblers
were observed in 5 of the 11ecosystems. The five ecosystem types where warblers were observed were charac-
terized by (1) a physiography of level or rolling terrain; (2) soil series of Grayling, Graycalm, Montcalm, or
Rubicon; (3) uplands with relatively warm temperature during the breeding season; (4) vegetation dominated
by low sweet blueberry, bearberry, wintergreen, northern pin oak, blue stem grasses, and hair cap moss; and
(5) canopy of relatively tall, dense, and patchy jack pine and oak. Landscape structure appears to be an im-
portant factor affecting the occurrence of the warbler in its summer habitat in northern Lower Michigan.

1. Introduction and background The warblers rarely nest outside of jack pine forest.

The first census of the warbler population was

The Kirtland’s warbler (Dendroica kirtlandii) is
one of the rarest endangered songbirds in North
America. Restricted to northern Lower Michigan,
its summer habitat comprises an area about 120 x
160 km. All known nests have been located within
13 counties for the past several decades (Probst
1985; 1986). Warbler habitat is characterized by
relatively dense, patchy jack pine (Pinus banksiana
Lamb.) or jack pine and northern pin oak (Quercus
ellipsoidalis E.J. Hill) stands that range from 6 to
23years old and are 1.7to 5.0 m tall (Probst 1987).

conducted in 1951, and atotal count of 432 singing
males was reported (Mayfield 1953). In the next
census in 1961, 502 males were reported (Mayfield
1962). The third census in 1971 revealed a marked
drop to 201 males (Mayfield 1972). The principal
reasons for this decline appeared to be nest para-
sitism by the brown-headed cowbird (Molothrus
ater) and limited suitable habitat (Ryel 1981). The
population has been censused each year since 1971,
and a strong effort has been made to control the
cowbird by yearly trapping (Kelly and DeCapita
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Fig- 1. A diagram illustrating the low-elevation and high-elevation areas of the Mack Lake burn study area. Numbers indicate the dif-

ferent landscape ecosystem types and their locations.

1982). In addition, large-scale planting of jack pine
has been conducted each year since 1980, and the
known habitats of the warbler have been protected
from human disturbance (Byelich 1976). However,
no increase in the warbler population has occurred
over the ensuing years. The population had re-
mained more or less stable (average male popula-
tion was 205 + 20) between 1971 and 1988.

Much of the previous research on the warbler has
been focused on its life history, biological charac-
teristics, and territorial behavior (Mayfield 1960;
Ryel 1978; Trautman 1979; Buech 1980; Walkin-
shaw 1983; Probst 1986). Little attention has been
paid to its habitat at a landscape scale. Therefore,
research was initiated in 1986 to better understand
Kirtland’s warbler habitat by identifying and de-
scribingthe landscape ecosystem types of the Mack
Lake burn. This burn of about 9,550 ha occurred in
1980, and by 1986 jack pine trees had grown to a
suitable height for colonization by the warbler.
Jack pine height and patchiness and the character
of the ground-cover vegetation are critical in the
first stage of warbler occupancy of a stand (two to
four years). Because warblers may occupy an area
for 15—-20years, and stands change rapidly during
this period, the habitat characters important for
warbler occupancy may also change during this
time.

Warblers entered the Mack Lake burn in June of
1986, and 71% of the 14 singing males censused in
1986 were found in the topographically higher ter-
rain of the southern part of the site that was charac-
terized by relatively dense and tall jack pines
(Barnes and Bosio 1986). In 1987, 61% of the 28

warblers were found in the higher terrain (Barnes et
al. 1989). Because the elevation of the terrain af-
fected warbler density, the burn was arbitrarily sub-
divided into (1) a low-elevation area of flat to roll-
ing outwash and post-glacial outwash channels in
the northern part of the site, and (2) a high-ele-
vation area made up of glacial outwash and hilly
ice-contact terrain to the south (Fig. 1). Besides
being slightly higher in elevation, the high-elevation
area has a warmer microclimate, finer soil texture,
and more diverse plant species (Zou 1988;Barnes et
al. 1989). Eleven local ecosystem types were also
identified — five in the low-elevationarea and six in
the high-elevation area (Barneset al. 1989). In 1988
a field study was designed to determine the specific
location of singing males in relation to these eco-
system types.

The purposes of this paper are:

(1) to provide an overview of the occurrence of
warblers in the Mack Lake burn area during
the initial three years (1986—88) of their oc-
cupancy of the area,

(2) to present the results of field studies in 1988
to relate warbler occurrence and density to
specific ecosystem types, and

(3) to describe the biological and physical attri-
butes of these ecosystems.

2. Methods
2.1. Study Area

The study site was located in an area surrounding
Mack Lake (44°38'N, 84°08'E) in southeastern



Oscoda County of northern Lower Michigan. The
forest covering the study area was probably origi-
nally dominated by various combinations of jack
pine, red pine (Pinus resinosa Ait.), and northern
pin oak. On May 10, 1980, a prescribed burn ini-
tiated a wildfire that burned approximately 9,550
ha of forest land around Mack Lake (Simard et al.
1983). Jack pine regenerated over much of the
burned area.

Oscoda County has a modified continental cli-
mate (Michigan Weather Service 1974), with mini-
mal influence from Lake Michigan because of a
higher sheltering plateau to the west. A weather sta-
tion near the study area at Mio has a higher average
maximum temperature, a lower average minimum
temperature, and a lower annual precipitation than
surrounding weather stations (Michigan Weather
Service 1974). The entire area is a mosaic of dif-
ferent ecosystems each of which can be distinguish-
ed by using physiographic, soil, and vegetative fea-
tures (Barnes et al. 1989).

2.2. General approach

Landscape ecosystem types were identified and
described by a multi-factor ecological approach
that had previously been developed and applied in
Upper Michigan (Barnes et al. 1982; Pregitzer
and Barnes 1984; Spies and Barnes 1985) and in
southern Michigan (Archambault et al. 1990).
The approach was derived from a method used in
the southwestern German state of Baden-Wiirttem-
berg for over 40 years in multiple-use forest man-
agement (Barnes 1984). The Michigan approach
uses reconnaissance followed by plot sampling and
data analysis to identify ecosystem types that are
distinguished by their physiography, microclimate,
soil, and vegetation. This method vyielded eleven
types (Barnes et al. 1989). The types were defined
in a typological sense and were not mapped.

The number and geographic location of warblers
on the burn was determined in June each year by a
census of singing males. This official census is
directed by personnel of the Huron-Manistee Na-
tional Forests, U.S.D.A. Forest Service, and the
Michigan Department of Natural Resources, to-
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gether with members of the Kirtland’s Warbler
Recovery Team.

2.3. 1986-87 field methods

Sixty-four plots (10 x 20 m), sampled in 1986 and
1987 (Barnes et al. 1982; Spies and Barnes 1985),
were used to help determine and describe the eco-
system types (Barnes and Bosio 1986; Barnes et al.
1989). Physiographic variables included elevation,
landform, slope aspect, and position. A 150-cm
deep soil pit, randomly assigned to the east or west
side of a plot, was dug and all horizons were
described; data were taken on horizon depth, field
pH, texture, structure, color, percent gravel and
cobbles, rooting depth, earthworm activity, and
drainage class. A soil sample was collected for each
layer of the B and C horizons. Soil texture was
described in the field (Thien 1979) and determined
in the laboratory, using the hydrometer method of
Gee and Baunder (1986). Soil pH was determined in
the laboratory using a 1:1 soil : water suspension
using the glass electrode method of McLean (1982).
Vegetative variables measured in field plots includ-
ed percent coverage of each species, density and size
of tree species, annual growth of jack pines, and
number of plant species on each plot (Barnes et al.
1989).

In 1987,the locations of 28 singing male warblers
were determined and recorded on amap of the area.
Each warbler location was then field checked and
its ecosystem type determined.

2.4. 1988field methods

In 1988, 78 singing male warblers were found on
the Mack Lake burn and their locations plotted on
a map of the burn by the census team organized by
the Kirtland’s Warbler Recovery Team. With the
assistance of the U.S. Fish and Wildlife Service
team of Cameron Kepler, Paul Sykes, and Carol
Bocetti, the territories of 38 warblers were located
by sightings of singing male warblers. Each of these
territories was defined by ecosystem type. Eighteen
sample plots were located directly in the territory of
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a warbler to verify the ecosystem type. Plot sam-
pling was conducted as in 1986-87. In the office,
a distance from the midpoint of a territory to the
midpoint of that of its closest neighbor was mea-
sured using the 1988 Official Warbler Census Maps
(Michigan Department of Natural Resources,
Lansing, MI). Distances between warbler territories
for each ecosystem type were determined and
placed in one of seven distance classes (100—250,
251-400, 401-550, 551-700, 701-850, 851-
1000, 1001-1150m). The number of warblers for
each distance class was determined for each
ecosystem type.

2.5. Data analyses

Four ecosystem types (1, 6, 8, 10) where warblers
had been observed in 1987 and three types (3,4,9)
where they had not been observed were selected for
analysis (Zou 1988). Using the 1986—87 data from
64 plots, stepwise discriminant analysis (Jenrich
1977) was used to select variables that differed sig-
nificantly among these seven ecosystem types. Var-
iables with significance values smaller than 0.15
were included and subjected to principal compo-
nent analysis (Mardia et a/. 1979).The first 20 prin-
cipal components were used to analyze differences
among the seven ecosystems by canonical variate
analysis (Williams 1981). Differences among eco-
system types were examined using analysis of vari-
ance (ANOVA). Duncan's multiple range test
(Neter and Wasserman 1985; Steel and Torri 1980)
was used to determine significancesamong ecosys-
tems. The significancelevel for both tests was set at
0.05.

3. Results and discussion
3.1. Pattern of warbler occurrence

During the first three years of occupancy, more
warblers occupied the high-elevation area than the
low-elevation area (Table 1); the relative positions
of the two areas are shown in Fig. 1. In 1987 and
1988 all male warblers were observed to occur in 5

Table /. Number of male Kirtland's warblers in the low-
elevation area vs. the high-elevation area for 1986-1988 on the
Mack Lake burn, Oscoda County, northern lower Michigan.

Year 1986 1987 1988
Low-elevation outwash 4 12 31
High-elevation outwash 10 16 47

Table 2. Distribution of male Kirtland's warblers in 1987 and
1988 by local landscape ecosystems on the Mack Lake burn, Os-
coda County, northern lower Michigan.

Ecosystem type Number of warblers

19871 19882
1 12 22
6 3 2
7 3 5
8 8 7
10 2 2
Total 28 38

LAl warblers occupying burn.
2A subsample of warblers whose territories were identified and
studied in detail.

of the 11 ecosystem types. Patterns of warbler oc-
currence for 1987 and 1988 are shown in Table 2.
In both years, more warblers occurred in Ecosys-
tem type 1than any other single ecosystem due to
its widespread occurrence. Because neither the
ecosystem types nor the exact territory boundaries
have been mapped, the pattern of occurrence of the
warblers for nesting and feeding cannot be deter-
mined. The ecosystems occur in a mosaic in the
landscape, and it is likely that a warbler pair utilizes
more than one of the ecosystem types for its activi-
ties. However, Ecosystems 1, 6, 7, 8, and 10appear
to be critical for warblers at this stage.

The average distance from a singing male territo-
ry to its closest neighbor was least in Ecosystem
types 7 and 8 (365 and 269 m, respectively) (Table
3), and it was greatest for Ecosystem type 10 (522
m). Therefore, the density of the singing male war-
blers was the highest in Ecosystem type 7 and 8, and.
the lowest in Ecosystem type 10. Ecosystem type !
was intermediate. Ecosystem type 6 was not includ-
ed in this analysis because the two warblers were



Table 3. Means and standard deviations of distances between
Kirtland’s warbler territoriesin 1988to their nearest neighbor by
ecosystem types.

Ecosystem types 1 7 8 10
Mean(m) 435 365 269 522
Standard

deviation(m)

their own closest neighbors and no variance among
distance was available for the analysis.

The distribution of singing male warblers in
distance classes varied significantly (P < 0.05)
among ecosystem types. Forty-two percent and
72% of the singing male warblers had territories
within a distance of 100—250m from one another
in Ecosystem types 7 and 8, respectively (Fig. 2).
None of the warbler territories was located at a
distance greater than 700 m from one another in
these ecosystems. In contrast, only 36% of the
singing male warblers were located within a dis-
tance of 100—250m from one another in Ecosystem
type 1, and 24% of the warbler territories were lo-
cated at distances greater than 700 m from one
another. Of course, Ecosystem type 10 warblers
were more distant from one another.

3.2. Multifactor comparison of ecosystem types

Marked differences were found among 7 ecosystem
types using the first 20 principal components (Figs.
3 and 4). The cumulative variation for the first 20
principal components was 91% and that for the
first 3 canonical variates was 90%. A total of 82%
of the information in 56 variables, selected by step-
wise discriminant analysis, was contained in the
first 3 canonical variates.

The presence of the warbler in an ecosystem type
is associated with medium values of canonical var-
iate 2 (Fig. 3; Ecosystems 1, 6, 8, and 10). Ecosys-
tems with high or low values were not observed to
have warblers (Fig. 3; Ecosystems 3, 4, and 9).
Ecosystems having high values for canonical vari-
ate 3, as well as low values for canonical variate 1
(Fig. 4; Ecosystems 3, 4, and 9), were not favor-
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able habitat in 1987. However, ecosystems with
either high values of canonical variate 1 or low
values of canonical variate 3 (Fig. 4; Ecosystems 1,
6, 8 and 10) were favored by warblers.

High values of canonical variate 1 were mainly
associated with high-elevation terrain, non-banded
soil, soil lacking layers of gravel and cobbles, low
soil pH, the presence of black huckleberry (Gaylus-
sacia baccata (Wang.) K. Koch), high coverage of
northern pin oak, and low coverage of serviceberry
(Amelanchiersanguinea (Pursh) DC.), sand cherry
(Prunuspumila L.), and wild rose (Rosa blanda
Ait.) (Table 4).

High values of canonical variate 2 (Fig. 3) were
mainly associated with depressions or outwash
channels, the presence of gravel and cobble layers,
absence of black huckleberry, and high coverage of
serviceberry. Low values of canonical variate 2
were primarily determined by presence of banded
soils and by low coverage of northern pin oak,
whereas medium values were associated with up-
lands and relatively pure sand soils.

High values of canonical variate 3 were primarily
associated with hilly topography and outwash
channels, the presence of banded soil or gravel and
cobble layers, and the presence of rice grass
(Oryzopsisasperifolia Michx.) and false Solomon-
seal (Smilacina racemosa (L.) Desf).

3.3. Description of ecosystem types

Twenty-three physiographic, soil, and species vari-
ables significantly distinguished the ecosystem
types (Table 4). Of these, 10 were physiographic-
soil variables, 6 were related to jack pine and oak,
and 10 were descriptors of ground-cover vegeta-
tion. The ecosystems are described below from data
presented in Table 4. The first set of ecosystems(1,
6, 8, 10) are those favorable to warbler occupancy
and have the following general conditions: (1) flat
to rolling topography on outwash or ice-contact
terrain; (2) Grayling, Graycalm, Montcalm, or Ru-
bicon soil series; (3) relatively warm temperatures
during time of warbler occupancy; (4) vegetation
dominated by low sweet blueberry (Vaccinium an-
gustifolium Ait.), bearberry (Arctostaphylos uva-
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Fig. 2. Distribution of warblers (%) by the distance (m) to their nearest neighbor. The percentage of warblers in each Ecosystem type,
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(mean=625 m).

ursi (L.) Spreng.), wintergreen(Gaultheria procum-
bens L.), northern pine oak, blue stem grasses{Ax-
dropogon gerardii Vitman, A . scopariusMichx.), or
hair cap mosses (Polytrichurn piliferum Hedw., P.
Juniperinum Hedw.); and (5) relatively tall, dense
jack pine.

Ecosystem 1, located on level and rolling terrain
(not in depressions, Fig. 1) of the low-elevation
area, has well-sorted sand soil in the top 400 cm that
lacks banding, relatively low pH (5.0) of the 30—
150 cm soil layer, and soil series of Grayling and
Rubicon. Jack pine is generally short, 66 cm in
1985. Very few northern pin oaks are present, and
the dominant ground-cover species are low sweet
blueberry, blue stem grasses, sand cherry, bearber-
ry, and hair cap mosses.

Ecosystem 6 also has a high proportion of well-
sorted sand but is located on the high-elevation
area. The soil series are typically Grayling and
Graycalm. Vegetation is more diverse in plant spe-
ciesthan in Ecosystem 1; for example, I | shrub spe-

cieswere recorded in this ecosystem as compared to
5 for Ecosystem 1. The coverage of sand cherry is
higher than in most other ecosystems. Northern pin
oak often is one of the dominant species.

Ecosystem 8 is characterized by textural bands of
sandy loam to silt loam of 5—10cm in the upper 150
cm of soil. The soil series is commonly Montcalm.
Northern pin oak is relatively abundant and its
average height (1.9 m) is greatest of all ecosystems.
Ground cover is dominated by low sweet blueberry,
northern pin oak, bracken fern (Pteridiurn aquili-
nurn (L.) Kuhn), sweet fern (Cornptoniaperegrina
(L.) Coulter), and wintergreen.

Ecosystem 10 is found on the upper slopes of
depressions and tops of hills in the ice-contact ter-
rain. The soil series is mostly Rubicon and Gray-
ling. Oak coverage is greatest in this ecosystem.
Ground vegetation is dominated by low sweet blue-
berry and black huckleberry. Other plant speciesin-
clude Populus grandidentata Michx., Harnarnelis
virginiana L., and Acer rubrum L.
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Fig. 3. Ordination of plot samples of 7 ecosystems along the first and second canonical variates showing differences among local
ecosystems favored (Ecosystems 1, 6, 8, and 10) and avoided (Ecosystems 3, 4, and 9) by Kirtland’s warblers in the Mack Lake burn.

Number 0 stands for Ecosystem 10.

In contrast, warblers were not observed to oc-
cupy Ecosystems 3, 4, and 9. These systems were
generally characterized by: (1) low topography of
outwash channels having a relatively cold microcli-
mate and the possibility of freezingtemperatures in
the growing season; (2) soil with heavy textured
layers (loam to clay); (3) ground vegetation domi-
nated by rice grass, wild strawberry (Fragaria vir-
giniana Miller), and false melic (Schizachne pur-
purascens (Torrey) Swallen), and (4) relatively
short and sparse jack pine.

Ecosystem 3 typically has soil layers of heavy tex-
ture (loam to clay). The pH is the highest (6.1) of
all ecosystems. Ground vegetation is dominated by
rice-grass, false melic, willow (Salix humilis

Marsh.), and vining honeysuckle (Lonicera dioica
L.). Jack pines are sparse and short.

Ecosystem 4 occurs on the floor of outwash
channels of the low-elevation area where frequent
freezing temperatures are likely during the growing
season. lts soil commonly has a layer of gravel and
cobbles in the top 100cm. Sand cherry and butter-
weed have the highest coverage. Dominant species
also include wild strawberry, serviceberry, and
sedge (Carex pennsylvanica Lam.).

Ecosystem 9 of the high-elevation area is distin-
guished by the presence of a layer of heavy textured
soil (loam to clay) in the upper 150 cm. However,
the average thickness of this layer (42 cm) is greater
than that of Ecosystem 3 (17 cm). The dominant
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Fig. 4. Ordination of plot samples of 7 ecosystems along the first and the third canonical variates, showing differences among local
ecosystems favored (Ecosystems 1, 6, 8, and 10) and avoided (Ecosystems3, 4, and 9) by Kirtland's warblers in the Mack Lake burn.
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Table4. Means and standard deviation (in parentheses) of variables associated with local ecosystems and occurrence of the warbler at
the Mack Lake burn determined by ANOVA and Duncan's multiple range test'".

Variable Warbler present? Warbler absent Significance3
level
Ecosystem 1 6 8 10 Ecosystem 4 3 9
Elevation(m) 368.0>  376.64 37524 384.2 358.28  369.2b  375.6¢  0.0001
(2.2) 3.7) (4.1) (4.8) (3.6) 2.5 3.9
Depth of depressions 0.0b 0.0b 0.0b 0.00 7.62 0.0b 0.0b 0.0001
or channels (m) (3.6)
Depth to loam or clay >4.0°  >4.0° >4.0¢  >4.0¢ >4.0b  1.42 0.92 0.0001
band (0—-4 m) (0.7) 0.2)
Total thickness of loam 0.0¢ 0.0¢ 0.0¢ 0.0¢ 0.0¢ 0.2b 0.42 0.0001
and clay (0—1.5m) 0.2) 0.2)
Percent of pebbels and 3.4b 2.7° 4.1b 0.9v 15,12 1.4b 3.3b 0.007

cobbles (0—150 cm) (7.5) (3.2) 4.7 (0.8) 9.3) 1.4 2.9
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Variable Warbler present? Warbler absent Significance3
level
Ecosystem 1 6 8 10 Ecosystem 4 3 9
Average pH (30—150 cm) 5.0¢ 5.5abe 5.8ab 5.2be 5.92 6.1a 5.7ab¢  0.009
0.3)  (0.3) 0.3) (0.4 (0.5  (1.1) (0.6
Depth to textural bands >4,00 >4.0b 2.22 >4.0b >4.0b >40v >4.0° 0.009
(0-4 m) (3.4)
Openness class in 2.12b 1.6%0 2.40 2.0ad 1.22 1.3a 1.88  0.03
general area (1-3)4 0.7) (0.6) (0.8) (0.8) 0.5) (0.5) 0.4)
Average height of 1st 14.7¢ 21.2abe 23.02 22.3ab 22.82 14.3¢ 22.2ab (.03
living JP* branch (cm) (5.4) 8.6) (5.0) (7.9) (7.1) (2.9) 6.7)
Basal diameter of 0.92 0.02 2.82 9.7b 0.02 1.82 0.02 0.002
oak snags (cm) 3.0) (4.8) 6.6) 3.7
Average height of 0.22 0.82b 1.9% 1.43b 0.22 1.3ab 1.3ab 0.03
dominant oaks (m) (0.2) 0.5) (1.5) (1.7) 0.3) (1.5) (0.8)
Number of oak clumps® 0.9¢ 8.6ab 7.1abe 1152 1.2bc  5.0abc  3.gbe 0.02
(1.5) 6.4) (3.4) (12.3) (1.6) 8.0) (2.5)
Number of oak seedlings 0.6 6.2ab 6.63b 15.5¢ 1.22 2.82 11.0bc  0.001
(0.8) (4.0) (3.3) (14.0) (1.8) (1.9) (6.5)
Number of shrub species 5.2b 11.22 8.72 9.02 7.8b 9.3 10.52 0.002
1.7 2.8 (B4) 4D (1.9 (0.5 @1
Number of lichen species 1.6° 1.6> 3.02 1.7b 2.02 2.02 1.2b 0.03
(1.0) (0.9 (1.0)  (1.0) 1.00 08 (0.9
Quercus ellipsoidalis? 1.3ab 4.0ab 6.20 16.5¢ 0.42 3.0ab 3.5ab 0.0001
(1.9) (4.6) (4.3) 9.0) (0.6) 4.1 (2.1)
Amelanchier sanguinea <0.1>  Q.1b <0.1®  0.0b 1.42 1.92 0.1b 0.009
0.1) (0.1) 0.1) (©.6) 2.8) ©.1)
Gaylussacia baccata 0.02 0.02 0.02 3.8b 0.02 0.02 0.02 0.02
.7
Prunus pumila 3.32 1.32 0.32 0.4a 1350 0.72 0.48 0.0001
@6 (12 03  ©7 103)  (0.6)  (0.6)
Rosa blanda <0.12  <«0.12 <0.12  <0.12 0.12 0.12 0.3b 0.01
01 (0.1 ©.1  ©.1 ©1n ©D (03
Aster ptarmicoides 0.02 0.02b 0.02 0.02 0.02 0.02 0.02 0.02
(0.03)
Maianthemum canadense 0.08 0.1a <0.12  0.02 <0.12 Q.22 0.4b 0.003
0.1 0.1) 0.1) 02 (0.3
Senecio pauperculus 0.02 0.022 0.02 0.0a 0.1b 0.02 0.02 0.02
(0.03) 0.2)

Data are from Zou (1988); 2Presence based on sightings of singing males in the ecosystems; 3Ecosystems with the same letters are not
significantly different (P = 0.05); 4Dense = 3; medium dense = 2; and sparse = 1. 3JP = jack pine; Numbers per 10 x 20-m plot;
TValues are percent coverage, same for the following species.

species include rice-grass, bracken fern, willow,
and false melic. Other species include trembling
aspen (Populustremuloides Michx.), black cherry
(Prunusserotina Ehrh.), and red maple.

4. Conclusions

A landscape ecosystem approach was used to iden-
tify local ecosystem types in recently burned jack

pine-oak forest surrounding Mack Lake. During
their initial period of occupancy of the area, Kirt-
land's warblers were observed not to occur at ran-

- dom, but in a pattern coincident with the broad

landscape patterns of physiography, soil, and vege-
tation. Some local ecosystem types appeared fa-
vorable to warbler occurrence, whereas other types
were not observed to be occupied. Specific condi-
tions of the topography, soil, and woody and her-



230

baceous vegetation were found associated with the
observed warbler occurrence in its summer habitat.
Warblers were found in those areas with warm
microclimates, abundant jack pine, with low
shrubs, on light, sandy soils. This research provides
additional information about warbler habitat con-
ditions and a guide as to where to concentrate the
yearly census of the warbler population. It also pro-
vides a baseline to monitor the expected change in
warbler occupancy of the burned area as the initial
areas of occupancy become unfavorable and other
areas become more favorable.
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