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INTRODUCTION
The Kirtland's Warbler (Dendroica kirtlandii) occupies a limited
nesting range in the jack-pine (Firms banksiana) plains of northern lower
Michigan, and winters in the Bahamas. Although it is presumed to have
been more widespread in the distant past (Mayfield 1960), the current
breeding range is an area about 130 by 160 km. Migrants and stray
summer males have been collected and observed across a much broader
range from Missouri to the southwest, Minnesota to the northwest, and
Virginia and Massachusetts to the east of the known nesting range
(Tilghman 1979, Walkinshaw 1983). This paper describes a successful
search for the Kirtland's Warbler in Michigan's Upper Peninsula. I
examine the role of long distance dispersal vs local dispersal in the
population dynamics and geographic distribution of this endangered
species. These conclusions lead to recommendations for choosing habitat
for Kirtland's Warbler management.
METHODS
Extensive areas of seemingly appropriate jack-pine habitat in Michigan's Upper Peninsula were located using old USDA Forest Service
vegetation maps, compartment records from the Hiawatha National
Forest, and suggestions from persons familar with the region. Typical
Kirtland's Warbler habitat is densely stocked jack-pine stands of wildfire
origin that range from 1.2 to 4.8 m in height (Walkinshaw 1983). Dense
jack or red pine (Pinus resinosa) plantations can also be used by Kirtland's Warblers but logged, unburned jack-pine stands regenerated by
non-serotinous seeding usually lack sufficient tree density for breeding
warblers. All suitable stands are on poor, porous, sandy soils; the plant
communities are characterized by low, open ground vegetation. A preliminary survey of 12 potential areas (Fig. 1) was made along major
roads and trails from 1978 to 1981. Four areas were selected as having
the best potential as Kirtland's Warbler habitat.
Nine areas, including the four most suitable ones, were visited from
1979 to 1984 to check for Kirtland's Warblers. We surveyed segments
of the Lake Superior shoreline for singing males in 1979, and searched
areas near the town of Raco in 1980, 1983 and 1984. Jack-pine habitat
near Rapid River in Delta County was visited in 1980 and 1982, and
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Marquette County was searched in 1982, 1983 and 1984. Larry Walkinshaw and I independently searched Baraga County for Kirtland's
Warblers in 1983. Stands were checked for male Kirtland's Warblers
by playing tape-recorded calls and listening for singing males. No set
methods were used for determining the location or duration of stops or
listening stations, as practiced by Tilghman (1979). Because the area
surveyed was large, censusing was conducted from 7 am to 3 pm CDT
(0700-1500), the period when Kirtland's Warblers sing actively (Mayfield
1960, Hayes and Probst, unpubl. ms). If a singing male was heard, the
tape recorder was shut off and attempts were made to sight the bird,
estimate its age (adult or subadult plumage), and locate a female in the
vicinity.
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RESULTS AND DISCUSSION
Most stands I examined that were within the proper height range for
Kirtland's Warblers were too sparsely stocked with jack-pine and/or red
pine to be good habitat, except for one wildfire area in Marquette
County. This stand was near Gwinn, Michigan, one-half mile (.8 km)
south of Sawyer Air Force Base. The area was burned in 1968 and contains about 200 ha of suitable habitat. It is located on county, State
and privately owned land.
I censused the west half of this stand on 31 May 1982 and did not
hear any Kirtland's Warblers. On 9 July 1982, I returned to check the
east half of the burn, even though it was too late in the breeding season
for consistent singing. By 11:45 AM CDT (1145), I had concluded it was
too warm, too late in the day, and too late in the season to continue, so
I explored the area to evaluate its habitat quality. I continued to play the
tape sporadically and heard a Kirtland's Warbler sing twice around
12:05 PM (1205), 8 to 10 min after I had shut off the tape recorder. I
approached the bird and heard it sing a third time, but was unable to
sight it or get another response to the tape. Three more isolated, single
songs were heard about 100 m west of the first location within a 2 ha
area. All six songs were delivered within a 6 ha area. No birds of either
sex were sighted. I checked the burn area to the east, and then returned to
the site of previous singing but heard nothing and left about 2:30 PM
(1430). Unfortunately, I was unable to return again that year.
On 5 June 1983, I found a singing male Kirtland's Warbler 100-200
m south of the 1982 location and was able to observe it closely for over
90 min. This bird was also seen in subsequent weeks by Michigan Department of Natural Resources personnel from Gwinn and by Larry
Walkinshaw. It was also observed by John Byelich and Nels Johnson of
the Kirtland's Warbler Recovery Team. No other Kirtland's Warblers
were discovered in the burn area. No Kirtland's Warblers were found in
1984, although the area was searched in both early and late June.
Implications for Population Dynamics

Figure 1: Major areas of pine forest types in Michigan's Upper Peninsula:
1.
2.
3.
4.
5.
6.

Watersmeet (Gogebic Co.)
Covington (Baraga Co.)
NW Marquette Co.
Gwinn (Marquette Co.)
Ensign (Delta Co.)
Chicago L. (Delta Co.)

7.
8.
9.
10.
11.
12.

Shingleton (Schoolcraft Co.)
Munising (Alger Co.)
Grand Marais (Alger Co.)
Deer Park (Luce Co.)
Whitefish Pt. (Chippewa Co.)
Raco (Chippewa Co.)

Because of the limited breeding range and restrictive habitat requirements of the Kirtland's Warbler, the entire breeding population can be
estimated in a single season. Such censuses were taken in 1951, 1961,
and 1971 (Mayfield 1953, 1962, 1972) and every year thereafter (Ryel
1983). By 1971 there was a 60% drop in population to 201 males from
502 in 1961. As a result, the Kirtland's Warbler was declared an endangered species. The principal reason for this decline was probably nest
parasitism by the Brown-headed Cowbird (Molothrus ater) (Ryel 198la).
The rate of parasitism was 69% by 1971 (Walkinshaw and Faust 1974).
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During the past decade, the Kirtland's Warbler Recovery Team has
implemented programs to increase nesting success, including a successful
cowbird control program (Kelly and DeCapita 1982). However, the increased production of fledglings has been offset by losses, and the annual
census has shown little or no increase for the past 12 years. Ryel (1981a)
discussed some of the possible causes of Kirtland's Warbler mortality,
especially losses on the wintering grounds, and Trautman (1979) stressed
losses during migration. Reproductive potential may be depressed because of reduced pairing success and post-nesting mortality of fledglings
(Probst, unpubl. ms).
The records reported here of Kirtland's Warbler in Michigan's Upper
Peninsula are additional evidence for the dispersal of numbers of birds
away from the traditional nesting grounds. There are specimen and sight
records of this species in places well away from the known nesting
grounds and the presumed migration route. Seven other sightings of Kirtland's Warblers were recorded outside lower Michigan during the breeding season from 1977 to 1981: four in Wisconsin, two in Ontario, and
one in Quebec (Ryel 1981b). At least one of these nine extra-liminal birds
had returned from a previous year. Harrington (1939) described a loose
cluster of Kirtland's Warbler males in Ontario in 1916 that could have
been a colony, but no nests were found. Eight specimens have been collected in places outside the presumed migration route in Ontario, Illinois,
Missouri, Minnesota, and Virginia (Mayfield 1960, 1975). Tilghman
(1979) also reported nine verified sight records of migrants in Wisconsin
during the past 125 years. There are also sight records of male Kirtland's
Warblers from central Minnesota in 1944 (Hiemenz 1980) and from
northern Minnesota in 1958 and 1964 (Gullion 1964). Two unconfirmed
sightings were also recorded in northern Minnesota (September 1982 and
May 1983). The fact that nine of the accepted sight records occurred in
the seven years between 1977 to 1983 suggests that long distance dispersal of Kirtland's Warblers may not be a rare event.
Species that occupy temporary habitat for 8 to 15 years should have
powerful dispersal ability. This idea is supported by the Kirtland's Warbler's dispersal to habitat in widely scattered localities in northern lower
Michigan as well as in adjoining states and Canada, as summarized in
the preceding paragraph. Searchers may have encountered only a few
of the many birds dispersing to remote locations (Mayfield 1983). The
male reported above from Michigan's Upper Peninsula in 1982 gave a
very weak response to recorded songs. This suggests some males may not
respond to such stimuli and could be overlooked. Females would probably not be discovered unless paired with a singing male. Searches of
likely habitat would not encounter any birds located in atypical habitat
such as more mature jack-pine or other conifer types. All suitable habitat
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would have to be checked two to three times in the breeding season of
every year to verify the presence or absence of male Kirtland's Warblers,
because adult birds of some species (including Kirtland's Warbler) may
shift locations between years (Walkinshaw 1983), or even within years
(Nolan 1978, Greenwood and Harvey 1982). Kirtland's Warblers can
abandon early territories, and/or appear in new locations as late as 23
June (Probst, unpubl. data), so extensive, systematic searches are necessary
to estimate the magnitude of long-distance dispersal.
Thus, I believe many Kirtland's Warblers could be dispersing to areas
outside of the traditional nesting grounds each year. These vagrants
would not contribute to the annual census in most years, and would only
rarely pair with a female. Extra-liminal birds could have formed colonies
in the past, but such populations would not persist if new areas of suitable habitat did not develop nearby.
The future is questionable for the Kirtland's Warbler in Michigan's
Upper Peninsula. Currently, the most promising areas for subsequent
search are the Gwinn, Baraga County, Raco, and Rapid River areas
(Fig. 1). Other habitat patches I have identified are too small, overmature, or mesic to be suitable. Some new plantations in the Hiawatha
National Forest near the towns of Raco and Rapid River will be the
proper age for Kirtland's Warblers by the late 1980s, but the tree density
is marginal. The management potential for Kirtland's Warbler habitat
in Michigan's Upper Peninsula is low because a management area would
have to be extensive enough to support a population of birds that is sufficient to maintain a colony during the 8 to 12 years a stand is suitably
aged for Kirtland's Warblers. At a density of 3 males per 40 ha (data in
Mayfield 1962), 120 to 160 ha of habitat would be required to support
about 10 males. If jack-pine were managed on a 50 year commercial
rotation, five such stands totalling 600 to 800 ha would be needed for
each management area. The minimum habitat required as described
above assumes occasional recolonization from the main nesting grounds
and regular colonization of young stands from adjacent occupied stands.
(If management areas were to be self-sustaining, more land would be
required than the 600 to 800 ha estimate.)
Dispersal and Colonization
There is concern about those adult warblers that do not return to the
lower Michigan breeding grounds in the spring (Mayfield 1983). In addition, only 9-12% of banded nestlings have been recaptured in subsequent
years (Walkinshaw 1983). Thus, Mayfield (1960) has suggested that yearlings may colonize new breeding areas, and Walkinshaw found some
evidence that young birds establish new colonies. Species that occupy
temporary early successional habitat are
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dispersal, but it is unlikely that yearling Kirtland's Warblers could
regularly find widely scattered habitat and breed successfully there. Field
Sparrows (Spizella pusilla) (Adams and Brewer 1981) and Prairie Warblers (Dendroica discolor) (Nolan 1978) also show a very low return rate
for banded nestlings, but a given habitat patch for those two species can
be sustained by attracting colonists from a much larger range and population. Many Kirtland's Warblers could disperse to areas outside of the
traditional breeding range in lower Michigan without any compensatory
immigration into the known nesting grounds.
The probability of individuals of a species colonizing isolated habitat
patches is related to the patch size and distance from sources of colonists
(e.g., Fritz 1979). Migrant bird species may have fewer barriers to dispersal than exist for sedentary resident species, so Mayfield (1983) has
suggested that many spring migrants may miss a restricted nesting range
due to navigational errors. However, if most breeding habitat is selected
during the post-breeding natal dispersal of juveniles (Brewer and Harrison
1975, Weise and Meyer 1979), then it seems probable that smaller or
more distant habitat patches would remain unoccupied. I suggest that
the fragmentation of suitable habitat within the range may be as serious
a barrier to successful natal dispersal of juveniles as the size of the nesting
range is to successful navigation by migrants.
Even in the main Kirtland's breeding area, colonizing males may not
pair successfully in new colonies, old colonies, marginal habitat, and
peripheral habitat (Probst and Hayes, unpubl. ms). Reduced pairing
success may also explain the slow buildup of colonies on the periphery
of the breeding range, such as Fletcher Burn at the western edge. At the
eastern edge of the range, no nests or breeding pairs have been recorded
in Rollways Burn, an area of 300 to 500 acres of suitable habitat.
Habitat Management

Recommendations

If it is true that the density of dispersers decreases with distance from
the core breeding range, and that pairing success also declines with distance (in spite of the warbler's ability to find remote habitat on occasion),
I conclude that: the best management strategy at this time is to direct any
additional habitat management to areas within or adjacent to the present
breeding range. Within the present breeding range, stand rotation ages
should be adjusted to provide a few years overlap between occupied
stands to increase the probability of Kirtland's Warbler colonization.
Currently habitat management is slowly expanding habitat at the
periphery of the present breeding range. This approach is desirable and
should be continued if the range is expanded without degrading the
central areas. However, habitat in Michigan's Upper Peninsula, as well
as in other states and Canadian provinces, is decidedly disjunct and not
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peripheral. Thus, full-scale management plans for Kirtland's Warbier
in disjunct habitat should be delayed until breeding pairs are found,
unless there are other wildlife or silvicultural benefits from such management. For the present, it should suffice to improve the tree stocking in
potentially suitable plantations in the Great Lakes region. If these stands
attract breeding pairs, a more aggressive management program could be
implemented.
SUMMARY
I searched nine areas in Michigan's Upper Peninsula for Kirtland's Warbler during
1979-1983. In both 1982 and 1983 a male was found in a 14 and 15-year old burn near
Gwinn (Marquette Co.). These sightings represent the first records from the Upper Peninsula.
Most other locations surveyed for Kirtland's Warblers or their habitat were too small, overmature or mesic to be suitable habitat for Kirtland's Warblers, but four areas are suggested
for further searches.
Recent extra-limital records suggest that many young birds could disperse to areas
outside the traditional nesting ground in northern lower Michigan, and this dispersal could
be one reason why the population has not increased appreciably over the past decade.
Because this species occupies habitat that is only temporarily suitable, such dispersal may
be adaptive. If most dispersal occurs during the post-natal period of juveniles, few birds
will reach small or distant habitat patches. The fragmented distribution of habitat within
a limited breeding range may explain the frequency of unoccupied habitat. Dispersal may
be an additional reason for the low pairing success of Kirtland's Warblers in habitat of
marginal quality.
I recommend that habitat management be directed to areas within or adjacent to the
present breeding range, with a gradual expansion at the periphery of the present range.
The probability of stand colonization could be increased by adjusting the stand rotations
to provide a few years overlap between occupied stands.

ACKNOWLEDGMENTS
Several individuals provided suggested locations of potential suitable habit for Kirtland's
Warblers in Michigan's Upper Peninsula. I especially wish to thank John Byelich and Bill
Taylor for providing data on forest types from the Hiawatha National Forest. Jerry Ostrom
provided an out-of-print map from an early Forest Service Survey. Richard Brewer, Dick
Buech, Bill Irvine, Larry Ryel, James Sweeney, Nancy Tilghman, and Jerome Weinrich
made helpful suggestions on the manuscript. Don Rakstad assisted with the 1983 and 1984
field work and with the manuscript preparation.

LITERATURE CITED
Adams, R.J. and R. Brewer. 1981. Autumn selection of breeding location by Field Sparrows.
Auk 98:629-630.
Brewer, R. and K.G. Harrison. 1975. The time of habitat selection by birds. Ibis 117:521-522.
Fritz, R.S. 1979. Consequences of insular population structure: Distribution and extinction
of Spruce Grouse populations. Oecologia 42:57-65.
Greenwood, P.J. and P.H. Harvey. 1982. The natal and breeding dispersal of birds. Ann.
Rev. Ecol. Syst. 13:1-21.

March/June 1985, Vol. 63, No. I

Jack-Pine Warbler

Gullion, G. 1964. A second probable Kirtland's Warbler record from the Cloquet Forest
Research Center. Loon 36:106-107.
Harrington, P. 1939. Kirtland's Warbler in Ontario. Jack-Pine Warbler 17:95-97.
Hiemenz, N. 1980. A 1944 record for the Kirtland's Warbler. Loon 52:112.
Kelly, ST. and M.E. DeCapita. 1982. Cowbird control and its effect on Kirtland's Warbler
reproductive success. Wilson Bull. 94:363-365.
Mayfield, H.F. 1953. A census of the Kirtland's Warbler. Auk 70:17-20.
1960. The Kirtland's Warbler. Cranbrook Inst. Sci. Bloomfield Hills, MI 242 p.
. 1962. 1961 decennial census of the Kirtland's Warbler. Auk 79:173-182.
1972. Third decennial census of Kirtland's Warbler. Auk 89:262-268.
. 1983. Kirtland's Warbler, victim of its own rarity? Auk 100:974-976.
Nolan, V. 1978. The ecology and behavior of the Prairie Warbler (Dendroica discolor). Ornithol. Monogr. No. 26, 595 p.
Probst, J.P. A review of factors limiting the Kirtland's Warbler on the breeding grounds
(submitted).
Ryel, L.A. 1981a. Population change in the Kirtland's Warbler. Jack-Pine Warbler 59:77-90.
1981b. The fourth decennial census of Kirtland's Warbler, 1981. Jack-Pine
Warbler 59:93-95.
1983. The status of the Kirtland's Warbler, 1983. Jack-Pine Warbler 61:95-98.
Tilghman, N. 1979. The search for the Kirtland's Warbler in Wisconsin. Passenger Pigeon
41:16-23.
Trautman, M.B. 1979. Experiences and thoughts relative to the Kirtland's Warbler. Jack-Pine
W ar bler57:135-140.

Add
and
of No
David
The vertebrate fauna
and the location of the i.
Lake Michigan islands a
that time, more intensiv.
by asterisks below) and
The additional 27 species
to those of South Manitoi
of observations made dur
white-tailed deer (Odocoi
1982 (Case, 1982) and st
Northwestern Michigan C
The NMC groups us
area south of the runwa
binoculars and conductec
Also included are the oc
and Dr. John Spencer.

Walkinshaw, L.H. 1983. Kirtland's Warbler, the natural history of an endangered species.
Cranbrook Inst. Sci., Bloomfield Hills, MI 207 p.
and W. Faust. 1974. Some aspects of the Kirtland's Warbler breeding biology.
Jack-Pine Warbler 52:65-75.
Weise, C.M. and J.R. Meyer. 1979. Juvenile dispersal and development of site-fidelity in the
Black-capped Chickadee. Auk 96:40-55.
— USDA, Forest Service, North Central Forest Experiment Station, 1992 Folwell Avenue,
St. Paul, MN 55108.

Snapping Turtle (Chelydr,
shallow water on Lak
shoreline near the ca
turtle. Evidence indict
destroyed by raccoons
•Midland Painted Turtle
the Swenson Marsh, 2
and in water at the sai

Common Loon (Gavia in
Manitou, 25 June 19<
observed on the inlanc
may reflect the lessen
tion of the island. Nes
16

