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KIRTLAND’S WARBLER
POPULATION AND HABITAT VIABILITY ASSESSMENT WORKSHOP
STATEMENT OF GOALS AND OBJECTIVES

PROBLEM STATEMENT:

Kirtland’s Warbler (Dendroica kirtlandii) is a threatened species whose population is
currently estimated at 700-1000 adult birds. Over the last 40 years the populations has fluctuated
with a low-point in the mid-1970’s of perhaps 350-400 adults. The species is migratory with its
breeding ground limited to 13 counties in the northern part of the lower peninsula of Michigan.
The winter grounds of this remnant population are in the Bahamas. Evidence indicates that the
species was formerly (late 19th century) more widely distributed in the jack-pine forests at least
in Wisconsin and Ontario. Estimates of the population for this period are perhaps a few
thousands of breeding pairs. Major threats to the survival and recovery of this species include:
parasitism by cowbirds (Molothrus ater); loss of habitat in the breeding ground range; limited
habitat and environmental fluctuations/catastrophes (drought, hurricanes) in the winter grounds
as well as rigors and hazards of the annual migration.

WORKSHOP GOALS:
The goals of the Workshop include:

1. Conducting a Population and Habitat Viability Assessment (PHVA) of the
Kirtland’s Warbler.

2. Formulating quantitative strategies with risk assessments to prevent extinction and
achieve the establishment or maintenance of viable, self-sustaining populations
within the historic range of the birds.

The overall purpose of the workshop is to develop a Conservation Strategy that will
assure, with high probability, the continued survival and adaptive evolution of the Kirtland’s
Warbler. The final document will include specific recommendations and priorities for research
and management of the species. The plan will be developed by detailed examination of natural
history, biogeography, life-history characteristics, status of all wild populations, and threats to the
species continued existence. Computer models will be used to assist in evaluating the
vulnerability of the species to extinction.

msmmmmm 12101 Johnny Cake Ridge Road, Apple Valley, MN 55124, USA tel. 612-431-9325 fax 612-432-2757
(home) 9801 Pillsbury Ave. S., Bloomington, MN 55420, USA tel. 612-888-7267 fax 612-888-5550




A draft of the final workshop document will be prepared during the workshop. It is a
goal of the workshop that this document be reviewed and revised by all participants during the
workshop as many times as necessary to achieve agreement on its contents before departure.

PHVA OBJECTIVES:

1.

Determine the number of breeding individuals required for specific probabilities
of survival and preservation of genetic diversity for specified periods of time (i.e.,
25, 50, 100, 200 years). Do current data support the recovery goal of 1000
breeding pairs?

Project the potential expansion or decline of Kirtland’s Warbler numbers under
various management regimes. Consider how possible interventions in the wild
population and its habitat might change the mortality and recruitment rate, and
loss of genetic diversity.

Determine the number and geographic dispersion of subpopulations with specific
focus on the desirability of a Wisconsin population. Outline metapopulation
structure needed to establish additional viable populations. Indicate management
consequences of this approach.

Consider the importance of maintaining and enhancing genetic diversity.

Consider the need or importance of establishing captive populations. In particular,
consider how captive propagation can:

a Accelerate expansion of the population,

b. Enhance preservation of genetic diversity,

c. Protect population gene pool against fluctuations due to environmental
vicissitudes in the wild,

d. Provide birds for augmenting wild populations or establishing new
populations.

Identify problems or issues that need continuing analysis and research, such as
predation, wintering habitat, genetics, and habitat strategies.
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KIRTLAND’S WARBLER
(Dendroica kirtlandii)
PHVA WORKSHOP

JANUARY 7-9, 1992

MINNESOTA VALLEY NATIONAL WILDLIFE REFUGE
VISITOR CENTER

AGENDA

TUESDAY - 7 JANUARY:
- Welcome - John Blankenship, Assistant Regional Director, FWS

- Introduction to PVA Workshops - Hilda Diaz-Soltero, Deputy Assistant Regional Director,
FWS

- Welcome - Craig Johnson, Endangered Species Chief, FWS

- Problems and Goals of the Workshop - Ulysses Seal, Chair-Captive Breeding Specialist

Group, IUCN

- Small Population Biology Overview - Jan Eldridge, Division of Endangered
Species, FWS

- Overview:
1. Historic Overview - Lawrence Walkinshaw, Nickolas Cuthbert

2. Census and Population Data - Jerry Weinrich, Sharon Moen
3. Predation and Parasitism - Michael DeCapita, Wesley Jones

4. Summer Habitat - John Probst, William Mahalak, Charlene Gieck, Richard
Urbanek, Burton Barnes, Tom Weise, Philip Huber

S. Wintering Ground Habitat - Paul Sykes
6. Recruitment - Carrol Bocetti, Sharon Moen
7. Mortality - Cameron Kepler, Sharon Moen

8. Dispersal - Paul Aird



9. Catastrophe - Kenneth Ennis

10.  Captive Populations and Reintroductions - Bocetti
- Establishment of Working Groups
- Introductory Run on Vortex:

- Evening: Working Groups meet and start refining model values; begin
working on reports.

WEDNESDAY - 8 JANUARY:

Discussion of Vortex results from the previous day. Review of the first day
minutes.

Working groups meetings and preparation for reports.

- Group reports

Incorporate specifics in the Vortex model and rerun simulation.

Evening: Working Groups Continue to Refine Reports. Vortex Simulation
Will Run Overnight

THURSDAY - 9 JANUARY:

Presentation of results from simulations and analysis: Ulysses Seal and Sharon
Moen. Distribution of Day 2 minutes.

- Review and revision of draft documents.

Identification of conservation priorities and schedule of actions. Identification of
major policy, political, and financial constraints and effects on biological
scenarios.

Final review of documents. Consensus language on the Summary and
Recommendations. Note any items that are dependent upon further data, analyses,
and simulations to be completed after the workshop.

Complete review of the Consensus Agreement as a primary product of the
Workshop.

Distribute final draft of individual documents. Minutes. Close

Complete draft document will be distributed to participants for final review after the workshop.
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27. Kirtland’s Warbler

Dendroica kirtlandii
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No Wood Warbler, and possibly no other North American bird, has
received as much media attention and public interest as the en-
dangered Kirtland's Warbler. Annually, newspaper, magazine, and
television coverage is given to the nesting success or failure of this
species in its limited breeding area in about five or six counties in the
northern half of Michigan’s lower peninsula. ;

In the 1950s, when my son and I went to Michigan in search of
Kirtland’s Warbler, no measures were taken to protect this rare and
endangered bird from the public. We were free to tramp the jack pine
forests without any restrictions. Fortunately, the area is now closed to
the public from May 1 to August 15. Guided tours are conducted to
permit birders to see the warblers, but under controlled conditions.

The United States Forest Service, the United States Fish and Wild-
life Service, the Michigan Department of Natural Resources, and the
Michigan Audubon Society are involved in management efforts. A
Kirtland's Warbler Recovery Team heads the project. An area of
135,000 acres of jack pine habitat has been designated for attention in
the Kirtland’s Warbler’s historical breeding range in Michigan. The
eventual goal is to increase the population to one thousand pairs, a
goal that seems far away at present.

It has been estimated that the total weight of all the Kirtland’s
Warblers in the world would be less than twelve pounds, for an adult |
weighs only one-half ounce. In the entire history of this warbler, all |
the nests found have been in only thirteen adjacent counties. How-
ever, in 1982 and in 1983 a singing male was heard for the first time in
the Upper Peninsula near Gwinn. Singing males, but no females and

] %3 | [ ] ) |

Kirtland’s Warbler demands large stands of jack pine six to twenty feet tall
and porous soil with low, dense ground cover. At present its entire breeding
range is confined to five or six counties in Michigan.
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Ined. This picture, taken in 1950, would not be possible under strict regula-
tlons enforced today.
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Unquestionably the exacting demands of nesting Kirtland's War
blers have been responsible for limiting its population. In young jack
pine forests (Pinus banksiana) Kirtland's Warbler will eventyally sur
vive or perish, for it is only in this very specialized environment tha
the warblers will nest. This drama has so caught the public’s attention
that Mayfield declares that it is one of the best understood songbird:
in America.

The Jack Pine Warbler, as it is popularly known, has these speciai
requirements for its nesting area: jack pines must predominate; the
pines must be six to twenty feet tall; the pines must be in large stands
ideally two hundred acres or more; and the ground benecath anc
between the pines must be sandy and porous with low ground cover
The natural provider of these ideal conditions is forest fire. Since
natural fires are stopped if possible, forest management practices for
preserving the Kirtland’s Warbler now include controlled burns.

The warbler population faces two other major problems in its
struggle for survival: the Brown-headed Cowbird and a practically
unknown factor, the dangers in its widespread winter range in the

The total weight of all the Kirtland's Warblers in the world is less than
twelve pounds. An adult weighs only a half ounce.

no nests, have been reported from Wisconsin in 1978, 1979, and 1980;
from Ontario, in 1977 and 1978; and from Quebec, in 1978. Old mi-
gration records strongly suggest that in the nineteenth century the
species may have had a larger breeding range, including suitable jack
pine areas in Wisconsin and Ontario.

The first count, in 1951, indicated 432 males. In 1961, this count
reached 502 males. Ten years later the total was 201. Starting that year,
counts have been made annually. Over a twelve-year span, 1971
through 1982, the population of singing male Kirtland’s has remained
remarkably stable. The lowest count was in 1974, when only 167
males were reported, and the highest was 242 in 1980. The official
count for 1983 placed the number of singing males in Michigan at
215. This was an increase of 8 over the 207 recorded in 1982.

Census taking consists of systematically searching for singing
males in suitable habitat in mid-June. According to Harold Mayfield,
author of a book devoted entirely to the species, this is a feasible ;s : , ;
method of estimating total population: count singing males and dou- . ji i i gl " s ek
ble the number, figuring one female for each male. As he cautions, o T
however, this method may be off as much as 20 percent. Unmated The Brown-headed Cowbird problem that plagued Kirtland's Warblers foi

females and males in the breeding area are imponderables. lﬂar?r’eytel:; T:; :;;: i;";fgg;i:ﬁ;”” like/thls 1o céplure the pacsstie:
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Bahamas, an area of about forty-five hundred square miles in hun-
dreds of scattered islands and cays. Although the wintering area has
been searched on numerous occasions, investigators have had diffi-
culty even finding the tiny bird in this sprawling range.

The Brown-headed Cowbird problem has been attacked success-
fully. As the cowbird extended its range northward in the last century,
it found conditions ideal for parasitizing the Kirtland's Warbler. When
a crisis was recognized in 1971, concerned friends of the warbler
moved the next year to eliminate cowbirds by trapping them. That
year, twenty-two hundred were taken in large chicken-wire traps and
were asphyxiated. Since that time cowbirds have been destroyed each
spring at Kirtland’s nesting sites, and beneficial results appeared im-
mediately in higher production of young warblers. However, of the
hundreds of adults and young that leave Michigan in August and Sep-
tember, only about two hundred pairs have returned to breed the
following year. The survival rate through two migrations and a winter
spent in the tropics is about 65 percent for adults but unusually low
for yearlings, and thus perplexing.

Female Kirtland's Warblers build their nests on the ground in
a thick cover such as grass, sweet fern, and blueberries under
jack pine trees.

I ) ) I ) ) ) }
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§%  This fledgling Kirtland’s Warbler will spend the winter in the Bahamas
VL with others of its kind. The survival rate for yearlings is low.

§ To the surprise of many not well acquainted with this bird, it does
i mot nest in the jack pine trees that are so crucial to its breeding. The
il ‘. birds nest on the ground-under-the trees where the nest is hidden in a
. thick cover of grass, sweet fern, or blueberries. The female Kirtland's
. alone incubates the eggs for fourteen days, the longest incubation
A penod reported for any North American warbler. The male feeds the
Qfl Incubating female and assists in feeding the young. It is known that
i occasmnally pairs have had two successful broods in a summer, but
. this is not common.
Mayﬁeld declares that Kirtland’s Warbler “can scarcely be called
i ' He continues, “The song is not truly musi-
»«‘ cal but, rather, loud, clear emphatic, and frequently repeated. It has
none of the buzz and trill so common among Wood Warblers, but

| ¥
¥
W

i

gl 4 ‘l reminds the listener of the chattering quality of 2 House Wren's song,

'’ though it is briefer. Field students are reminded of the Northern Wa-
terthrush and some notes of the House Wren, but the resemblance
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y is not close enough to cause one t0 mistake the Kirtland's

/|

usuall
warbler for either.

The first specimen
Kirtland by his son-in-law, Charles Pe

Cleveland, Ohio, on May 13, 1851. Kirt
to Spencer F. Baird, who, in 1852, described the bird for science and {:‘

gave it its name. Years later it was learned that Dr. Samuel Cabot of ;
Boston had captured a male on shipboard near the Bahamas in '8
October, 1841. The first nest and eggs were collected by James A. '§
parmalee on June 6, 1904, after which oologists paid as much as it
twenty-five dollars each for Kirtland's Warbler eggs. A nest with young ‘.'
birds had been discovered in 1903 by Norman A. Wood, but nests with f‘f:
eggs had more import to €gg collectors of that period. i

"

28. Prairie Warbler

Dendroica discolor

: St
of Kirtland's Warbler was given to Dr. Jared P‘J'n
ase, who had collected it neat‘
land turned the specimen over

PLATE 12

depth of study that may be given a single species is indicated in a
§95-page monograph by Val Nolan, Jr., entitled The Ecology and Be-
bavior of the Prairie Warbler (Dendroica discolor). Nolan, a biology
i professor at Indiana University, pursued his study over fourteen years
.ol Intense field work. The results may be more than the average bird
fwatcher wants to know about this species, but 1 have had no question
iabout the Prairie Warbler that Nolan has failed to answer.

B Judging by the habitat the bird prefers, Prairie seems to be a mis-
Ao r. It is not an inhabitant of western prairies or grassy plains, but
lapparently that is not what Alexander Wilson had in mind when he
peoposed its English name. Wilson found the species near Bowling
G n in the “barrens of southwestern Kentucky,” an area known to
0C residents as “prairie country.”
! .’l‘he nesting environment preferred by the Prairie Warbler in-
s forest edges, dry, brushy clearings, pine barrens, sproutlands,

- 8
e

poe
=

S e e

L=t oy
e
eRs o

B¢ author prepares to photograph the nest of a Prairie Warbler in silky
pod in western Pennsylvania.
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7] Historical breeding range of
Kirtland's Warbler
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1 Mayfield, Harold, The Kirtland’s Warbler (Bloomfield Hills, Mlchlgn'.
Cranbrook Institute of Science, 1960), p. 125. o
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11 Rare Species

E.Iurogcan colonization of North America has probably affected popula-
tion sizes of most native birds, but it has been especially marked in some
war!)lcr species. Certain species are also rare as a consequence of extreme
habitat specialization, and presumably their numbers were small prior to
hurpan disturbance. This rarity may be the hallmark of species well on
their Way to natural extinction, perhaps as a consequence of the receding
of Pleistocene glaciation and changes in climate and vegetation. Species
that are common today but were rare in the recent past may also be
extreme specialists, the only difference being that human modifications to
t'he environment have greatly increased their access to favorable condi-
tions. In this chapter I present brief case histories of several species that
are or formerly were rare. My intent is to elucidate the basis for rarity.
Rarc. North American warblers can be divided into two groups: local
endemics and species with a wide range but low density. The latter can
qarurglly change into the former, but some species also attain high densi-
ties within a restricted area. Among the former group I survey Kirtland’s
and Golden-cheeked warblers. An example of the latter group is the Bach-
man’s Warbler, which occupied damp forests in the southern United
States before declining in number over the past century. I will also discuss
another species of the same region, Swainson’s Warbler, which chooses

habitats similar to Bachman’s Warbler but has not declined drastically
over the same period.

Kirtland’s Warbler

The Kirtland’s Warbler has probably been decreasing in numbers for hun-
dreds or thousands of years; it may properly be said to be a “relict” or
sencscent species. Ironically, as a result of its endangered state, we know
more about it than most other warblers. Kirtland’s Warblers have certain
traits characteristic of endangered species: their habitat specifications are
circumscribed, at least in the breeding season, and they occupy a limited
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range within their chosen habitat type. Hatching success of undisturbed
eggs is 85 percent (Mayfield 1960); for comparison, Prairie Warblers have
a success of 97 percent (Nolan 1978). Kirtland’s Warblers have recently
experienced nest parasitism from Brown-headed Cowbirds (up to 70—75
percent: Walkinshaw 1983).

The reason for this species’ rareness in the first place, which almost
certainly preceded the cowbird menace, is puzzling. The bird is confined
to Jack Pine forests, though sometimes it nests in Red Pine (Pinus resino-
sa) plantations within its limited breeding range of a few counties in
Michigan (northern part of the lower peninsula). It breeds only within
the small southern isolate of Jack Pine in Michigan, perhaps 200,000
hectares in area, separated from other stands by Lakes Michigan and Hu-
ron. It is not yet clear how or if this locality differs from all others;
certainly it has not supported Jack Pines more than 6,000-8,000 years,
when the pines followed the receding glacier northward. Within its range
Kirtland’s Warbler is largely confined to stands of greater than 32 hectares
(80 acres); it occupies trees 6—22 years of age in areas that have burned
recently, with heights of 1.3-6.0 meters. It is further confined to forests
growing on Grayling sand, a particularly porous soil, which cnables the
warbler to recess its nests in the ground, a trait unusual in this genus. Asa
result of these and other constraints, no more than 10 percent of the Jack
Pine area in Michigan may be satisfactory habitat. Colonies on plots
smaller than 32 hectares are usually unsuccessful; more often than not,
their inhabitants are unmated males, apparently unable to find or to at-
tract females to these sites. This pattern of females being more discrimin-
ating in site choice than males is widespread among passerine birds
(Morse 1985). Areas of young pines larger than 32 hectares were formerly
characteristic of northern lower Michigan because of the wide sweep of
level land, which results in large fires because there are no natural bound-
aries to stop them. It is unlikely that northern lower Michigan is unique in
this regard.

Mayfield (1960) and Walkinshaw (1983) pointed out that an important
aspect of a young Jack Pine stand after burning is that no other species are
characteristic of it. This habitat is marginal for the relatively few species
found with Kirtland’s Warblers, suggesting that Kirtland’s Warblers have
been unable to compete successfully for space in other kinds of habitats. If
50, this status is not new, in that their habitat selection has become so
finely honed. Mayfield suggested that areas less than 32 hectares may be so
small that excessive competition and predation infringes from adjacent
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arcas, making them untenable sites. This prediction historically precedes
arguments about the consequence of forest fragmentation on the species
diversity of Neotropical migrants in small plots (see Whitcomb et al. 1981;
Ambuel and Temple 1982). However, Probst (pers. comm., 1987) knows
of no evidence that directly supports Mayfield’s explanation.

Within large tracts of young pines the Kirtland’s Warblers are colonial,
eschewing seemingly similar sites to nest in loose groups within other
similar areas, although they possibly differ in subtle ways. One routinely
finds clusters of between 2 and 30 pairs separated by substantial distances
of similar habitat (Figure 1r.1). Once colonized, sites are occupied for -
several years, although sometimes sites in seemingly satisfactory habitats
have been abandoned because of nest failure or chance local extinction.

Historical records, plus regular censuses in recent years, give a sense of
trends in this species’ population size over the past century (see Mayfield
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Figure rr.1  Sizes of several colonies of Kirtland’s Warblers over time.
(Modified from Probst 1986; Probst, pers. comm., 1987.)
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1960; Walkinshaw 1983). The vast majority of reports in spring migration,
as well as the extralimital records (away from usual breeding and migra-
tion areas), were made in the late 1800s; further, most data on this species
from its only known wintering grounds, the Bahamas, come from that
period also. Mayfield and Walkinshaw take this information to indicate
that numbers of Kirtland’s Warblers were higher then than now, although
even then there were probably no more than a few thousand pairs. Since
the breeding grounds were not known at that time, we have no corrobo-
ration of migration and winter data. But this period came just after north-
ern lower Michigan was first lumbered. Jack Pine was considered worth-
less as a timber tree, but adjacent areas of White (Pinus strobus) and Red
pine were extensively lumbered, leaving heaps of inflammable slash that
led to large fires throughout the region. These episodes should have
been followed by an increase in satisfactory nesting habitats, exceeding
the ones available before or after. All one can say is that the timing of
the fires fits the numbers of birds recorded in migration and on wintering
grounds.

Numbers almost certainly declined between this period and the first
census in 1951 (Ryel 1984). Fewer than soo pairs were recorded in 1951, and
by 1971 the population had shrunk to about 200 pairs. This was a time of
heavy nest parasitism by Brown-headed Cowbirds: half to three-quarters
of the Kirtland’s Warblers’ nests were parasitized, a higher frequency than
the one recorded earlier. Mayfield and Walkinshaw assumed that Kirt-
land’s Warblers never encountered cowbirds until the late 1800s, and rec-
ords of the cowbird’s range expansion (seec Mayfield 1960) establish that
its impact was low prior to this time. In the early part of this century such
students as Wood (Wood and Frothingham 1905) and Leopold (1924)
expressed concern about the cowbird’s impact. Kirtland’s Warblers have
no known defenses against cowbirds, which is not surprising in view of
their lack of contact with them until recently. Once the ability to reject
eggs evolves, it spreads rapidly through a population (Rothstein 1975b),
yet Kirtland’s Warbler is by no means unique in lacking this ability. By
virtue of its small numbers, however, it is much more vulnerable to extinc-
tion than are species with extensive ranges that suffer high parasitism
when in contact with cowbirds. For instance, the Red-eyed Vireo suffers
just as much parasitism when cowbirds are common, but vireo popula-
tions in large forests not visited by cowbirds, such as the Canadian de-
ciduous forests, are free from their depredations. Further, the probability
that rejecter behavior will evolve in such a small gene pool is bound to be
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low. Thus, the Kirtland’s Warbler is unusually vulnerable because of its
small population size. In such a situation the entire population could
easily become extinct before rejection mechanisms evolved.

For this reason cowbird control was undertaken in the 1970s. The pro-
gram has reduced parasitism from 75 percent to 6 percent, with a corre-
sponding fourfold increase in the number of fledglings produced (Figure
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11.2). One might expect this change to be followed by an increase in
population size, but that has not happened; rather, over the past several
years the population has stabilized at a low level of roughly 200 pairs. The

(black circles),
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reasons are unclear. Vigor of the breeding adults is probably not a conse-
quence, for mortality of adults on the breeding grounds is extremely low.
Probst (1986) noted, however, that previous estimates of annual produc-
tivity and recruitment (Ryel 1981) have not separated postfledging losses
from those suffered away from the breeding grounds, or taken into ac-
count that some males (at least) are unmated and that many abandon
territories. Probst estimated that there may be an 18—35 percent fledgling
loss prior to migration, on the basis of Walkinshaw and Faust’s (1975)
reports that 33 percent of fledglings were not seen again after they left
their nests and Nolan’s (1978) estimate of an 18 percent loss in Prairie
Warblers, a congener that occupies a similar habitat. The period immedi-
ately after fledging is one of high mortality in other passerines (Lack
1954). Probst and Hayes (1987) noted that at least 15 percent of all males
are unmated, especially ones in marginal habitats (40 percent unpaired),
although the number might be partially offset by polygynous matings
(Radabaugh 1972). All told, the number of juveniles departing their natal
areas could be 40 percent or more lower than the number predicted by
calculations based on singing males and fledging success.

Another factor affecting the size of breeding pools is the low level of
juvenile returns to their area of birth, a trait common to many passcrines.
Birds not returning to established colonies have a low probability of find-
ing mates. Although data are difficult to gather, observations of singing
males in extralimital areas and of young birds in different colonies suggest
that many individuals survive the winter and migration yet fail to join a
breeding population. Mayfield (1983) maintained that numbers of extra-

1977

1975 1976
s Warblers reared

1974
s Warbler nests parasitized by Brown-headed Cowbirds

removed (triangles), and numbers of Kirtland’

sample varied from 26 to s4. (Modified from Walkinshaw 1983.)
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limital birds have risen following cowbird control, citing Kirtland’s War-
blers observed as far away as Ontario, Quebec, and Wisconsin, some
being banded birds from the Michigan population. So long as they fail to
meet females, these birds make no more reproductive contribution than
those that die young. There is no information on whether any extralimital
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individuals eventually find a colony, and it is unrealistic to expect that we
will obtain adequate information on this point. One of the Ontario birds
sang at the same site at least two years, and a bird on the Upper Peninsula
of Michigan probably returned two years also (see Probst 1985).

The problem of locating a breeding colony becomes progressively more
serious as breeding ranges decline. During the cowbird-induced decline,
the range shrank to one-fourth its former size, and the east-west width
shrank to one-third. Perhaps decreasing breeding range is an especially
difficult trap for Kirtland’s Warblers, since they are a successional species
that depends on finding new nesting sites with regularity and is especially
inclined to occupy new areas. Although in widely distributed species most
vagrants might find mates, the tiny range of Kirtland’s Warbler may often
preclude it.

The failure of the population to rebound may be due to its being
limited elsewhere. This unaccounted mortality probably does not happen
on migration lanes, for one would not expect the population to remain as
stable as it has if that were so. Two rapid drops, however, one perceived
(though not verified) in the late 19205 and early 1930s (Trautman 1979),
and one in the winter of 1973—74 (Walkinshaw 1983), may have resulted
from hurricanes killing birds either in passage or immediately after their
arrival on wintering grounds. Heavy mortality of warblers also may have
occurred in the winter of 1970—71 and the spring of 1971, as a result of
extreme drought on their Bahamian wintering grounds. The drought
took place immediately before the breeding census that recorded the cata-
strophic 10-year decline (Radabaugh 1974).

The alternative explanation is that wintering grounds are now limiting.
Little is known about them, except that the species is apparently confined
to the Bahamas. The few workers who have tried to find Kirtland’s War-
blers recently in the Bahamas have not been very successful. Radabaugh
(1974) found one bird in 800 hours of fieldwork on 11 large Bahamian
islands, and Emlen (1977) found none in 500 hours of fieldwork on Grand
Bahama Island. The older records suggest that they occupy low broadleaf

scrub. Whether they would favor young pine is unclear, but pinelands
have been extensively cut there. Terborgh (1980) and Rappole et al. (1983)
have suggested that this and other species could have dropped to cata-
strophically low levels as a result of habitat change on their wintering
grounds before the birds were known to science. Many of the larger
islands were under extensive agriculture from the 1550s, so environmental
modifications may have had a major effect on distributions.

Rare Species + 253

Golden-cheeked Warbler

The Golden-cheeked Warbler, another endemic species with a narrow
breeding and wintering area, bears similarities and differences to Kirt-
land’s Warbler. It, too, is a narrow habitat specialist, being confined as a
breeding species to the “cedar” brakes (Juniperus ashei) of ccnt‘ral TCX?S,
on and about the Edwards Plateau (Pulich 1976). Pulich estimated its
population to be 15,000—17,000 birds. Its distribution is fzoincident wiFh
that of the Ashe Juniper, and even within that range it nests only 1?
certain types of juniper—it uses mature trees that, accordj.ng to Pulich’s
estimate, must be at least so years of age. Thus, Pulich’s picture suggcs?ts
that Golden-cheeked Warblers differ from Kirtland’s Warblers in requir-
ing mature vegetation. o . o
Pulich proposed that the basis for this species’ limited breeding 'dlStI:l-
bution is its use of the fibrous bark of Ashe Juniper for its nests, which, in
his experience, constitutes the major building material of the Qoldcn-
checked Warbler. Although two other junipers occupy large areas in Tex-
as, the Redberry Juniper (J. pinchotsi) in the western part of the range and
the Red Cedar (J. virginiana) in the northeastern part, Pulic}.l found no
indication that the birds use them for materials. This putative nesting
requirement has not been tested experimentally, and it_scems unlikcl)_l to
have been a limiting factor traditionally. Arcas with stringy Ashe Juniper
bark may have other critical traits, such as certain foliage growth patterns.
Golden-checked Warblers are not locally limited within the areas they
currently occupy; but they exhibit a loose colonial distribution, as noted
for Kirtland’s Warbler. Pulich reported that the groupings usually con-
tained fewer than six territories, separated from other colonies by consid-
erable amounts of identical habitat, but one aggregation consisted of 21
airs. .
’ Pulich’s assertion that the species is confined to only part of the ayall-
able habitat must be viewed in the context of Kroll’s (1980) analysis of
used and unused sites. Kroll reported that sites occupied over a ﬁvc-yc.ar
period and sites not occupied during that time differed clearly and consis-
tently in multivariate analyses of vegetation variables, though they were
similar to the human eye. Key variables included the presence of Ashe
Juniper and Bigelow Oak (Quercus Aurandii brevioloba), distance t_)ctvflccn
trees, density of the two tree species, height of stand, a.md age of juniper.
The birds required oaks for foraging and were most active there, aJtl:xoqgh
they concentrated on Ashe Juniper for nesting materials and singing
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The Effect of Physical Factors on Wintering Populations

Low temperature and related factors have a major impact on birds winter-
ing at high latitudes (Lack 1954; Fretwell 1972), and for that reason prob-
ably strongly influence the population dynamics of species like the
Yellow-rumped Warbler. Temperature may be significant at lower lati-
tudes, also, and a second physical factor, moisture, may figure in there as
well. A third factor, distance to closest wintering area, further affects
migrant density on wintering grounds.

Species wintering at high latitudes are constantly subject to the effects
of unpredictable winter climate (Morse 1980a). Yellow-rumped Warblers
that winter in areas of occasional high snows may even find much of their
food covered at times. In spite of the importance of such phenomena in
setting the northern limits of wintering populations, little of a precise
nature is known about the effect of severe winter weather on these birds.
Weather-related population decreases could signify either local mortality
or dispersal, and Terrill and Ohmart’s (1984) data on western Yellow-
rumped Warblers suggest that facultative dispersal may occur under such
circumstances.

Pine Warblers winter throughout the southern pine forests in the Unit-
ed States and thus have a more northerly winter distribution than most of
the other parulines, except the Yellow-rumped Warbler. They feed heavily
on insects during the winter, although they take other food, such as pine
seeds and fruits (Bent 1953; Morse 1970a), if available. They are vulnerable
to unseasonably cold winter weather, however, and suffered heavy mortal-
ity. during the unusually cold winters of 1976 and 1977 (Robbins et al.
1986). The loss was corroborated by lowered breeding densities in subse-
quent years. This disaster indicates clearly the possible costs of northerly
wintering.

In addition to species that winter at high latitudes, other warblers are
exposed to severe weather because they fail to move southward when their
conspecifics do, only to succumb to normal winter conditions or to sur-
vive at feeders thar provide exotic food supplies (mealworms, citrus fruit,
and the like). These stragglers are unlikely to be of evolutionary signifi-
cance to the populations of which they are a part. Normally they would be
culled from the population as a result of their abnormal behavior. Occa-

sionally, however, this type of behavior could be of major importance.
Given the tropical origin of warblers, and the return to the tropics of most
species in the winter season, it is possible that northerly-wintering popula-
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tions of Yellow-rumped Warblers are descended from individuals that had
this type of abnormal wintering habit. Diamond (1982) has suggested that
some western-wintering populations of eastern Yellow-rumped Warblers
may be the result of abnormal migration.

Although temperature has frequently been mentioned as an important
variable affecting the suitability of northern areas as wintering grounds,
few references discuss its effect on migrants wintering at lower latitudes.
The oft-reported tendency for migrants to frequent highlands holds up in
the southerly parts of the wintering range (Costa Rica, Panama, and
South America), but not in higher-latitude tropics and subtropics, where
no correlation occurs in moist areas (Terborgh 1980). In fact, in western
Mexico, Hutto (1980) reported many fewer migrants in the uplands than
in the lowlands, which led Terborgh (1980) to propose that winter tem-
peratures fall low enough in the uplands to depress insect activity.

The Neotropical region contains areas arid enough to exert a physical
effect on individuals living there, and not surprisingly these regions usual-
ly have few migrants wintering in them (Russell 1980). A more importax?t
factor is the fluctuation of wet and dry seasons, which dictates the avail-
ability of both insects (Wolda 1978; Hespenhcide 1980) and fruit (Morton
1980).

E\zcn if the regular interposition of wet and dry scasons is the most
important moisture-related variable facing migrants in the Neotropics,
unusual periods of drought exert an effect, especially in marginally accept-
able areas. Orejuela et al. (1980) reported that during an unusually severe
dry season in Colombia some wintering migrants did not put on thc. fat
that they normally would accumulate prior to their northward migration.
If such stressful conditions were widespread they would have a severe
effect on entire populations of these birds. Some species initially in th'c
study arca may have avoided this problem by leaving the site before condi-
tions became severe.

The Whitethroat (Sylvia communis), an Old World sylviine warbler,
probably provides the best example of the impact of unusual drought on
the wintering ground. Whitethroats breed throughout most of Europe
and winter in the vast arid Sahel region, south of the Sahara Desert of
Africa. During a period of severe drought in the Sahel during the 1960s
and 1970s, birds on the breeding grounds declined precipitously (Win-
stanley et al. 1974), only rebounding somewhat after the drqught tempo-
rarily ameliorated (Batten and Marchant 1977). Climate-mediated popula-
tion fluctuations of this sort are not rare on wintering grounds, but often
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they can be documented only when they fortuitously happen in the midst
of ongoing studies.

Unusual wetness can produce strong effects too. The winter of 198081
was the wettest on record (57 years of data) in the Panama Canal area,
with substantial rains falling during the usual dry season. The rain inhibit-
ed the activity of the pollinators of fruiting trees, with the result that fruit
production was low and late. Frugivorous migratory species, including
Bay-breasted Warblers, Catbirds, and Wood Thrushes, that normally en-
tered the area in large numbers never appeared (Martin and Karr 1986).

A third factor logically included under this heading is the effect of
distance on the numbers of individuals that winter in an area. Although
selective pressure should favor individuals that move far enough to escape
severe weather, additional travel only increases energetic costs and dan-
gers (Terborgh and Faaborg 1980). Thus, it is not surprising that the
proportions of wintering migrants drop from so percent or more of the
avifauna in Florida, some parts of Mexico, and the Greater Antilles to less
than one to a few percent in equatorial South America (Terborgh 1980)
(Figure 10.1). Combined with the tremendous distances required to reach
the equatorial zone is a diversity of resident species, some of which are
ccologically similar to the migrants (Keast 198ob). Equatorial South
America has the richest avifauna in the world (Pearson 1980) and large
numbers of putative warbler equivalents (Keast 1980c). Terborgh and
Faaborg (1980) reported a comparable decline of migrants through the
West Indies. Although the Greater Antilles, nearest to the northern main-
land source, have high proportions of migrants, their number declines to
one percent or less on the most distant of the Lesser Antilles. Even
though the Lesser Antillean islands have fewer species than the Greater
Antillean islands, within-habitat population densities and species numbers
on the Lesser Antilles do not differ significantly from those on the Greater
Antilles. The distance effect appears valid, then, although it is perhaps
exaggerated by the small land areas of the Lesser Antilles (Terborgh and
Faaborg 1980).

Diversity and Partitioning of Wintering Warblers

Many species that breed together are allopatric on their wintering
grounds; however, MacArthur (1958) reported that the number of winter
overlaps (half or more of wintering ranges in common) of spruce-woods
warblers and other northeastern breeding species were about what one
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would predict by chance. He thus concluded that the winter .commx}niq
was randomly composed in relation to the summer community. Chipley
(1980) noted that MacArthur’s assignments of species to allopatric or sym
patric categories were conscrvative and concluded that the frequency o
sympatry was lower than would be predicted by chance (Figure IO.Z?. Ir
fact, cach of MacArthur’s five study species has a different center of winte!
abundance (Hutto 1985a). Greenberg (1986) has also noch that 75,000
square-kilometer blocks in the eastern United States routmc_ly encompas:
8—11 breeding Dendroica species. A similar measure of the winter ground

Yellow—rumped Black—throated (

Cape May

Blackburnian Bay-breasted

Figure 10.2 Distribution of wintering spruce-woods warblers (cross-hatched
areas). (Data from AOU 1983.)
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The Kirtland’s Warbler

Table 3
Winter Records of Kirtland's Warbler in Bahama Islands

Island Number taken Collector Year

C. B. Cory 1879

é"dros ; C.S. Winch ¢ 1891
ice 2 C. B. Cory 1891
gaicos 1 J. P. Moore 1891
Elaeuthera 2 c. J. Ma.ynard 1884
Eleuthera 5 C. S. Winch 1891
Eleuthera 3 C. J. Maynard 1897
Great Abaco [ C. S. Winch 1891
G:Een Cay 2 Robert Ridgway 1886
Little Abaco 1 J. L. Bonhote 13(8)2
New Providence 24 C. 7 I\(/:Iaynard iggz

New Providence 4 C: B ory 98
New Providence 8 A H. Jenmngds 'S ;
New Providence 2 G J: Maynard ,337
* New Providence 5 C. ]J. Maynar o7
New Providence 1 J. L. Bonhotcd 190!
New Providence 1 G ]. I\Aﬁaynard ,3[5

i C. J. Maynar
1
\N;::“Erg‘;‘”dencc 4 Robert Ridgway 1886
Total 71

* Includes one on Athol.

collecting efforts in these islands were not distributed
cv?:;;os\gel; the deca%les of the last hundre'd years, there was colr:
siderable field work before and after the period shown. F(})lr ex?rlnpd;
Henry Bryant spent four months (Janua:ry to May') on ht fl:z? ltsla?d’s
in 1859, and a shorter period in 1866., without ﬁndmg the Kir nds
Warbler. In the more than 40 years since the l.ast specimen 'tvasI td'n
(in 1915), several ornithologists have worked in the 1slangs, 1tr)1c uding
Van Tyne and Mayfield, 59 man-days, and James Boq , about x:o
days. (Bond saw one Kirtland’s Warbler.) These Cﬁcsm}sltant;:irz
along with the fact that collectors of’ those days calle thet ind
“fairly numerous” or “not uncomn?on,’ lead 1’15 to behe\:e tha
Kirtland’s Warbler reached a peak in the 1880’s and 1890’s.

The Wintering Ground as a Limitation on tb_e Sz?eczes )
It is possible that there have been factors on tf-le wmte‘rlr_lg g‘rounl
tending to limit the population of this rare species. But it is difficult
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WINTERING GROUND AND MIGRATION

to speculate about them when we know so little about the bird’
requirements or behavior in winter. The only factor to be con
sidered here, therefore, is the land area in the Bahama Islands,

This portion of the earth’s crust has been stable since the Creta-
ceous (Eardley, 191 :§74); so for many millions of years changes in
land area of the Bahamas have come about chiefly from changes in
sea level as the glaciers have advanced and retreated. The islands
are so low and the surrounding waters mostly so shallow that some
major changes have occurred. For example, the Wisconsin glacial
stage began about 2 5,000 years ago and came to a close about 8,000
years ago (Horberg, 1955:281), and in the early portion of it, per-
haps 20,000 years ago, the sea dropped 10 fathoms, exposing the
Great Bahama Bank and uniting many of the existing islands into a
land mass approaching to within ten miles of the shore of Cuba. At
that time the bird life was much richer, with perhaps 40 per cent
more species than now, a number comparable to that on Cuba or
Hispaniola (Brodkorb, 1959:368). However, as discussed in the sec-
tion on Nesting Ground, there is some doubt whether a richer
avifauna would be more favorable to the Kirtland’s Warbler. Also,
when we go back so far, remembering that the breeding range may
have been much larger and displaced several hundreds of miles
southward, we are far from certain that the wintering range was
located exactly where it is now.

As the Wisconsin glacier receded, the ocean rose and the islands
in the Bahamas shrank to approximately their present size., Sub-
sequently, the sea level has been fairly stable. The only significant
change in “postglacial” time was a rise of 6 to 8 feet some 4,000 to
6,000 years ago. This Silver Bluff time in geology is also recognizable
from botanical evidence. In Michigan it was a warm, dry period,
during which a number of Western Plants are believed to have be-
come a part of the jack-pine association which we now regard as
part of the typical Kirtland’s Warbler breeding habitat, The present
sea level is thought to be merely a retreat from the Silver Bluff level
(MacNeil, 1950:104). Consequent]y, even though there has been
erosion of shores by wave action in some places, it does not appear
that the land area in the Bahamas has been greatly larger or smaller
during the 6,000 to 8,000 years that the Kirtland’s Warbler has prob-
ably been nesting in Michigan; that is, the islands have not been so
large as to have had a signiﬁcantly different fauna or so small as to
have crowded the birds unduly in “postglacial” times.

§
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WINTERING GROUND AND MIGRATION

Fall Migration

Verne Dockham, who has lived in the nesting region of the Kirt-
land’s Warbler for many years, finds that they begin to disappear in
late August; that the majority leave in the first week of September;
and that they become rare after the middle of September, although
an occasional straggler may remain until late in the month. The
latest record from the nesting range was September 28, 1919
(specimen by Max M. Peet). There are no fall records in Michigan
south of the jack-pine country. The latest fall specimen in the
United States was recorded on October 29 (1903, South Carolina).

Fall migration records for the species are few in number. All occur
in Ontario, Ohio, or the South Atlantic states—that is, in the general
direction of the Bahama Islands from central Michigan. The records
are shown in the following tabulation.

FaLrL MicraTioN ReEcorps oF THE KIRTLAND'S WARBLER

Point Pelee, Oritario, October 2, 1915 (specimen by W. E,
Saunders, letter, December 10, 1934)

Toledo, Ohio, September 22, 1929 (seen by Louis W, Campbell
and Edward S. Thomas, 1940:146)

Oberlin, Ohio, August 28, 1902 (Lynds Jones, 19o3a: 104, in-
correctly given by Dawson, 1903:164)

Cleveland, Ohio, October 14, 1886 (“found [dead] under elec-
tric light mast,” Davies, 1906:118)

Fort Myer, Virginia, September 25, 1887 (specimen by Hugh
M. Smith and William Palmer; and another seen October 2
of the same year; 1888:147-148)

Rocky Mount, North Carolina, September 2, 1936, September
22, 1938, September 23, 1941 (seen by Francis H. Craighill,
1042:2§-26)

Mt. Pleasant, South Carolina, October 29, 1903 (specimen by
A. T. Wayne, 1904:83-84)

Christ Church Parish, South Carolina, October 4, 1910 (seen by
A. T. Wayne, 1911:116)

East Goose Creek, Florida, September g, 1919 (seen by Ludlow
Griscom and John T. Nichols, letter, May 15, 1950)

Off the coast of Florida, second week of October, 1841 (speci-

men taken on shipboard “between Abaco and Cuba” by
Samuel Cabot, Jr., Baird, 1865:207)
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The Kirtland’s Warbler

Table 4
Size of Territory of North American Warblers

Size of Territory
(acres) .
Species Range Average Authority
i k
Kirtland’s Warbler 1.§-16.5 8.4 This wor

(Dendroica kirtlandii)

QOvenbird 2.5-4.5 3.0 Hann, 1937
(Senare ﬁummp,llw) 0.8-4.3 2.3 Stenger & Falls, 1959
Northern Waterthrush 2.0-3.7 235 Eaton, 1957
S. moveboracensis)
Prsiric Warbler 1.2-6.0 3.0 Nc;l)z:l,‘ l;::te:';sa
(Dendroica discolor) : ‘
Prothonotary Warbler 1.9-6.38 3.66 Walkinshaw, 1953
(Protonotaria citrea)
American Redstart e 0.19 Sturm, 1945
(Setaphaga oy oo S
Yellowthroat 0.8-1.8 .26 Stewart, 1953
(Grolhl):{?is riches) ; 2.0 Hofslund, letter,
o Dec. 19, 1958
Yellow Warbler —— ceeees 0.4 Kendeigh, 1941
(D""dm"“ﬂ gt 0.15-0.94 0.42 Brewer, 195§
Tennessee Warbler 0.4-1.7 0.68 Kendeigh, 1947
(Vermivora peregring) .
Nashville Warbler 1.2-6.0 1.7
(V. ruficapilla) )
Magnolia Warbler 1.0-1.6 1.4
(Dendroica magnolia) .
Cape May Warbler 0.4-2.4 1.1
(D. tigrina)
Black-throated Green .
Warbler (D. virens) 0.8-2.1 1.2 )
Blackburnian Warbler 2.0-2.2 2.1
(D. fusca) .
Bay-breasted Warbler 0.1-1.2 0.37

(D. castaneq)

the tree growth is more open, and smaller if hemmed malz:)osheg bt)g
neighboring territories. Perhaps thcs.c t\f.'o factlors ng\ran o e (i))rics
explain why Kirtland’s Warbler .tcrrltorles. are larger e
of closely related species; that s, there is less vegeta
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MATING AND TERRITORIAL BEHAVIOR

land’s Warbler areas than in most forests inhabited by warblers, and
there is plenty of habitat available to all without crowding. However,
the total amount of vegetation in an area does not seem to give any
clue to the small territories of the Yellow Warbler in brush, of the
Redstart in forest, or of the Yellowthroat in an open expanse of
marshland.

Stenger (1958:335-346) found that the territory of the Ovenbird,
which feeds almost entirely on the ground, was smaller where the
weight of invertebrates in the leaf litter was higher per unit area.
This suggests that availability of food may help determine territory
size in that species. However, if food availability is a factor in the
size of the Kirtland’s Warbler territory, I think it is a minor one. By
the time the young have hatched and food needs are greatest, food
seems extremely easy to get, and the female, particularly, gathers
much of her food within 1o meters of the nest or in equally small
feeding areas a short distance away—that is, within a very small part
of the territory. Then, when the young have fledged, the family
groups wander beyond the territorial boundaries but still seem to
utilize only a small fraction of the area available. Lack (1943:100)
similarly had the impression that food in the territory was far in
excess of the needs of European Robins and their young during an
ordinary summer.

By studying birds on small islands, Beer et al. (1956:200~-209)
found that the species studied were able to raise their young on
territories “much smaller when the boundaries are strictly physical
barriers rather than invisible lines determined by intraspecific con-
flict"—in some cases less than one-tenth the minimum area sup-
posedly required on the mainland.

For the Kirtland’s Warbler I believe the territory must be large
enough to provide insulation from other adults of the species. Unless
there is some freedom from the distractions of competition and
conflict, I suspect certain delicately poised activities of the mating
sequence cannot proceed successfully. These may include nest
searching and building, when the female is easily deterred, and
meetings of the pair, including copulation, which takes place only in
concealment. The fact that many wild birds do not breed in captivity
suggests that the requirements may be subtle and precise. Denser
vegetation, providing the desired amount of seclusion in a smaller
area, would of course also provide a higher concentration of food

supply. e
[1]
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The Kirtland’s Warbler

ing,” periods of g to 12 days. Barth (1953:156) reported that the eggs
of two small birds, House Martin and Willow Warbler, lost slightly
more than one per cent per day during incubation.

The Kirtland’s Warbler has the largest eggs of any species in the
genus Dendroica, as shown by the compilation from Bent (1953) in
Table 8.

Table 8
Comparative Size of Eggs in Genus Dendroica
(After Bent)
Awverage Average Reference
length breadth in Bent
Species N (mm.) (mm.) (page)
Yellow Warbler 50 16.6 12.6 168
Magnolia Warbler 50 16.3 12.3 200
Cape May Warbler 50 16.8 12.§ 217
Black-throated Blue Warbler 50 16.9 12.8 229
Myrtle Warbler 50 17.§ 13.3 244
Audubon’s Warbler 50 17.6 13.5 264
Black-throated Gray Warbler 50 16.5 12.5 278
Townsend’s Warbler 40 17.4 12.9 285
Black-throated Green Warbler 5o 17.0 12.7 206
Golden-cheeked Warbler 50 17.7 13.1 319
Hermit Warbler 50 17.0 13.1 324
Ccrulean Warbler 50 17.0 13.0 331
Blackburnian Warbler 50 17.2 12.8 341
Yellow-throated Warbler 50 17.1 13.0 ‘354
Grace’s Warbler 38 16.9 12.7 365
Chestnut-sided Warbler 50 16.7 12.4 371
Bay-breasted Warbler 50 17.7 12.9 383
Blackpoll Warbler 50 17.9 13.4 396
Pine Warbler 50 18.1 13.§ 410
Kirtland's Warbler 154 18.1 13.9 This study
Prairie Warbler 50 15.9 12.3 432
Palm Warbler 40 17.4 12.9 453

Number of Eggs

Usually the Kirtland’s Warbler lays five eggs in the first set and
four eggs in a later nest of the same season. Occasionally a nest has
six eggs or three eggs. It is always possible that cowbirds have re-
moved eggs from sets examined, but I feel reasonably sure that some

sets are complete with only three eggs. To calculate the proportion g
of sets of various sizes, I have considered only those not containing ]
cowbird eggs and judged complete if observed for at least two days =

84

R A e O

EGGS

without a gain in number. These 6

nests held
per nest, distributed as follows: g €ld 310 eggs, 4.63 eggs

3

Eggs per mest  Nests Percentage
N =67 of mests
3 7 o
4 13 19
5 45 67
6 2 3

Further evidence confirms the a

per cent ratio of six-egg nests. In over 200 nests, i i
ized nests and nests seen only after the eggs hadsilartlc:cl]]l;gu}%uﬁ"aiif::;
known to have received at least six warbler eggs each.,Curiousl
three _of them were found in one year, 1951. One of these had alsoy;
cowbird egg and one had six young when found. It is probable that
six warb%er eggs were laid also in a few more nests that had lost eggs
to cowbirds or through hatching failures before they were fou;gfi
' In"a‘w'ox:ld where variations so often occur in a “normal distribu:
ton,” it is interesting that many birds with a usual clutch of five eggs
have far more four-egg than six-egg clutches. The Ovenbird (Ha?ng1
1937:172), Greenfinch (Monk, 1954:5), and European Robin (Lack’
1943:84). are other examples of such a distribution However, as wili
be described later, a large number of four-egg sets are repeat x;estin
after the loss of earlier five-egg sets. When such repeat nestings ai:
excluded by considering only those 38 unparasitized sets comglcted

pproximate correctness of the 3-

by June 14, we have a less skewed distribution:
Eggs per nest Nests
6 2
; 5 31
4 3
3 2

We cannot be sure that there has not been ird i

and other damage to some of these eggs aft:;) ‘:/l:;d Vl\fl:treer ff:iilncc
r The largest number of eggs found in a Kirtland’s Warbler n;est
was seven. Thcfre were four such nests: two with five warbler eggs
3 and two COWblr(:l €ggs, one with six warbler eggs and one cowb%gd
- 88, and one with four warbler eggs and three cowbird eggs
Ha}nn (1947:173) once found eight eggs, four of the host birdg a.nd
four'of the cowbird, in the nest of an Ovenbird.

~ Since Tepeat sets are usually smaller, the number of eggs per set
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THE COWBIRD

region. Thus the cowbird begins laying before the warbler, reac:; 3
its peak of egg laying at about the same time as the warblcr,l 3
quits laying as the nesting season of the warblor draws to 2 co.se._

Thus, since none of the warblers nest outside of the cowbird
season, there would appear to be little opportunity for the warbler’

to develop a more advantageous nesting time through selection.

& Choice of Nests by Cowbirds

%" Diligent field work on the parasitic Cuckoo, Cuculus canorus,
@ in England led Chance (1940) to believe one strain (“gens”) of
i Cuckoos confined its attentions to one host species, unless no nests
_ that species were available, and laid a distinctive type of egg
B¢ resembling the host’s. However, some of his findings were inferred
i iither than observed directly; for example, the individual birds were
2 ot usually marked so that they could be identified with certainty.
Do certain cowbirds specialize in Kirtland’s Warblers’ nests?
szing laid in a nest, does a cowbird tend to return to it, or to avoid
when laying again? We cannot yet answer the first question, but
pethaps we can throw some light on the second.

& Most attempts to trace the activities of particular cowbirds have
#been based on the appearance of the eggs. The assumption that
& similar eggs were laid by the same cowbird and dissimilar eggs by
iﬂerent cowbirds is speculative, and T have not attempted to use it
¢ bere. Certainly, this assumption would not be true of Kirtland’s
‘_Warbler eggs, for those in the same nest often look so different from
soc another that one might think they were laid by different females.

Variation in Parasitism by Years R

Field workers believe that the number of cowbirds in Kirtland's 2
Warbler areas varies from year to year, although no ex'act coum
have been made. Indeed, we should expect the popplatnon of any 2
species to fluctuate to some extent, and that the cpwblrd pressure a3
Kirtland’s Warblers would therefore be higher in some years :
in others. Actually, the proportion of parasitized oest§ on the study: . |
areas varied from a statistically significant low point 1n 1951 (9 out 3
of 33) to a significant high point in 1956 (15 out of }7). Howcv;cr:q_
general the samples are too small for us to pe certain the popu ation
of cowbirds varied from year to year in this region. Informanon‘

Table 24

Cowbird Parasitism of Nests of Kirtland’s Warbler: Variation
by Years 1944-1957

Porastilied Nt b A way of examining the work of cowbirds at large is to compare

T”'“INN”” N Per cint distribution of eggs with that expected by chance. For this
olid perpose we use the elements of a Poisson series, which express the
1944 6 5 83 ‘Bbabilities of successive events when the average expectation is
1945 8 5 63 . kmown, as in the following formula:
1946 13 7 3 i 2 3 4
1947 3 . 6°t e'°(1+c+-c—+c—+c—+"-)
1948 19 5 ;2 2 T3
:‘;‘;ﬁ 2 : 5 where ¢ is the average expectation and e is the base of natural loga-
1951 33 9 0 ﬂ'ns
1952 T: 2 ii In this instance 137 nests received 125 cowbird eggs. Therefore,
1
1‘;;1 17 .3 ;: ) y Je average cxpectation, ¢, would be ;2—5 = .91 eggs per nest. How-
:g;i :; s 88 * , the observed distribution was as follows: o cowbird eggs, 62
1957 15 I 73

: 5; 1 cowbird egg, 36 nests; 2 cowbird eggs, 29 nests; 3 cowbird
L8938, 9 nests; 4 cowbird eggs, 1 nest. Expressing the distribution in
ntages of 137 nests, and comparing the chance distribution

* Variations not explainable by chance alone (significant at
5 per cent level of confidence).

\
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The Kirtland’s Warbler

26 young warblers. Four, with two cowbird eggs each, conta
1.71 young warblers each, or 7 young warblers. So 33 warbler you
were not affected adversely by cowbirds. Of these, 30 were ﬂedged.

Consequently, in this hypothetical sample of 100 parasitized nesyy -

not destroyed or deserted, of 89 + 112 =201 warblers harch

53 + 30 = 83 (41 per cent) were fledged. Conversely, the mortalj

among nestlings in parasitized nests was 59 per cent of warblers
hatched. But of 201 eggs hatched, 8 per cent would be lost from
hatching to fledging as a result of other causes of in-nest mortality;
so only 185 eggs should be considered in calculating losses attributed
to cowbird nestlings alone. Hence, survival of nestlings in the face of

cowbirds, neglecting other hazards of the nestling period, is %i or
1

45 per cent of nestlings hatched; and conversely, mortality of
warbler nestlings attributed to cowbird nestlings alone is about 55
per cent in nests that are not destroyed or deserted.

Recapitulation of Warbler Losses Caused by the Cowbird
The pressure exerted by the cowbird at different stages in the nest-
ing process is shown in Table 32.

Table 32
Warbler Losses Caused by the Cowbird in Parasitized Nests: Summary

Remainder as
Losses as percentage  percentage of
of eggs laid eggs laid
41 per cent of warbler eggs removed by cow-
bird 41 59
10 per cent of warbler eggs present at hatch-
ing time fail to hatch as a result of cowbird
eggs present (excess over hatching failures
in nests not parasitized) 6 53
59 per cent of warblers hatched are not fledged
as a result of cowbird nestlings present
(excess over nestling loss in nests not par-
asitized) 31 22
Total 78

Thus, as a direct result of the cowbird, 78 per cent of warbler eggs
in parasitized nests fail to produce fledglings. Since 55 per cent of all
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Table 33
Nest Success during Incubation -
Nests
Without With
C eggs C eggs Total i
Total number of nests 79* 75 154
Nests excluded because outcome unknown 15 12 27
Nests excluded because later parasitized 5 o 5 —
Nests excluded because of human interference o 9 9
Nests with outcome known 59 54 113
Nests deserted during incubation 8 8 16
Nests destroyed during incubation 1 8 19 (-
Nests hatching no eggs 2 o 2
Nests in which eggs hatched 38 38 726
Percentage of nests with outcome known hatching
eggs 64 70} 67 ~
KW eggs seen in nests with outcome known 273 154 § 427
KW young seen in nests with outcome known 142 58 200
Percentage of KW eggs seen that hatched 52t 381 47
C eggs seen in nests with outcome known o 78 78
C young seen in nests with outcome known o 54 54 e
Percentage of C eggs seen that hatched o 69 69

* Group of 67 nests on page 147, plus 6 nests from which cowbird eggs had been
removed, plus 6 nests in which the set of eggs was not proved complete, although the -
outcome was known.

t The number of young hatched was undoubtedly higher than this figure, because
some of these nests were not seen immediately after hatching.

{ Larger proportion of parasitized nests hatch eggs because they usually have a -r
shorter incubation period by two days than do nests with KW eggs only.

§ An undetermined number of KW eggs were removed by cowbirds before many
of these nests were found.

were removed before the nests were found and which were there-
fore not seen.

Rates of Success during the Nestling Period (as Customarily -
Presented) . :
It is not easy to determine accuritely how many young birds have
left the nest safely. We seldom witness their leaving, and great effort =
is required to find them after they leave. Usually we infer that young
Kirtland’s Warblers have left if the nest becomes empty when the
young are old enough to leave; that is, at about eight days of age.
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Here (Table 34) I have assumed that young have fledged if they
have been seen in the nest over a period of at least seven days. To en-
large the sample as much as possible, I have included several nests
found when the young were hatched recently (judged not over two

Table 34
Nest Success during the Nestling Period

Nests
Without With
cowbirds cowbirds Total
Total number of nests 35 27 62
Nests deserted 2 2 4
Nests destroyed 5 8 13
KW nestlings seen 136 43 179
KW vyoung fledged 104 25 129
Percentage of KW nestlings seen
that fledged 76 58 * gy ¥
C nestlings seen o 31 31
C young fledged o 19 19
Percentage of C nestlings seen
that fledged o 61t 611

* This small sample yields a fledging rate for warblers that is obviously
too high, because many newly hatched warblers are killed by cowbirds and
removed by parents without being seen by an observer.

t This small sample yields a fledging rate for cowbirds that is almost cer-
tainly too low.

days old). In view of the uncertainties, these figures should be coa- ..
sidered approximate. Of 62 nests, 45 (73 per cent) fledged young. %

In order to represent properly nest losses from desertion and de- - 3
struction, only those are included which were lost at such a time
that an observer would still have been present if the nest had sur-
vived its full period. _

In Table 35 are shown further data on nest success, but from nests’
not seen early enough to be included in previous tables.

i
L3

Rates of Success from Eggs to Fledging (as Customardy
Presented) ]
To draw from the data shown in Tables 33 and 34 rates of nest snd

fledging success comparable to those of other studies, the rates of

success during incubation and the nestling period, computed in twe@ §

-]
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Table 35
Birds Produced per Nest Fledging Young *

N Fer nest fledging young
Nests without Cs 42
KW young fledged 164 3.9
Nests with Cs 27
C young fledged 39 1.4
KW young fledged 27 1ot

* Note that all nests in this group succeeded; that is, none
that were deserted or destroyed are included.

1 This yield is probably too high, since it contains an ab-
normally successful parasitized group.
carlier sections, are combined. The results are shown in Table 36.
The nest success rate yielded by this method for the Kirtland’s
Warbler, 49 per cent, is exactly that found by Nice (1957:305-307)

Table 36
Success from Eggs to Fledging *

Nest Success/Egg Success Rate

To fledging, without Cs (During incubation,
64 per cent; during nestling period, 76 per
cent)

With half the nests parasitized (During incu-
bation, 67 per cent; during nestling period,
73 per cent)

KW egg success to fledging, without C's (Dur-
ing incubation, §: per cent; during nestling
period, 76 per cent)

64 X .76 = 49 per cent of nests
found with eggs

.67 X .73 = 49 per cent of nests
found with eggs

-52 X .76 = 40 per cent of eggs
seen

v o fle 47 X .72 = 34 per cent of eggs
aitized nests (During incubation, 47 per cent; seen ¢

during nestling period, 72 per cent)

* Note that these figures are certainly too high, because they are based on eggs
#en, and do not take account of eggs removed by cowbirds before the nests were

or 7,788 open nests of several species of altricial birds. However, she
 found a fledging success of 46 per cent for 21,051 eggs in various
studies of open-nesting altricial birds, with a range of 22.4 to 70.6.
l'?:nn (1937:198) gives 43.5 per cent fledging success for the Oven-
bird, aqd Schrantz (1943:386), 54 per cent for the Yellow Warbler,
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figure will be higher than this one if any birds live undetected in
later years.

I believe the true survival rate for adults from one nesting season
to the next is about 6o per cent, as shown for the Old Mack Lake
area. This area was small enough to allow virtually all of it to be
searched each year, and it was at least three miles from any other
nesting colony. The other two study areas were so large or so near
other nesting areas not searched that warblers which moved even a
short distance may have escaped detection.

When we calculate survival rates from numbers of birds seen in
the wild, there is always a question about how many birds still living

Table 44
Survival of Adult Kirtland's Warblers: Males and Females

Previously
banded birds
Banded birds  present fol-  Survival rate
Years in June lowing year per year
Area N N N (Per cent)
M F M F M F M F
Old Mack Lake 9 9 29 36 17 22 59 61
Wakely Bridge Road 4 4 8 24 6 9
New Mack Lake 2 2 8 18 4 6
Total 45 71 27% 37%  60* 2%

* Actual survival may have been greater than shown if any birds escaped detection.

are not seen. Certainly there are some. Female Kirtland’s Warblers
are more likely to escape notice than males. On the Old Mack Lake
area, for example, of 22 instances of returns a year later there were
four instances of females which were not seen one year but were
found the next. On the same area, which was studied intensively, no
males were missed one year and found later. However, on the
Wakely Bridge Road area, where it was impossible to make a thor-
ough study of the entire populated area, of six returns of males one
was missed in two intervening years.

I have two examples of females that nested at distances of almost
a mile (1,350 m.) and nineteen miles (31 km.) from the previous
year's nests. Ordinarily such females would not be found again. The
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'Poflzllalt(l'o:ll C’(lit’lngpf/ rbler . ’ J' ‘ are available from 12 censuses of singing male Kirtland’s Warblers (Mayfield 1953,
In the Kirtiana’s wa :

82, 1972a, 1973a, 1973b, 1975; Ryel 1976a, 1976b, 1979a, 1980a, 1980b; Burgoyne and Ryel
At present, population size appears to be regulated on the wintering grounds by rainfa

METHODS

[2978). Mayfield actively supervised and participated in all censuses from their inception in 1951
| 1974, His initiative and far-sightedness have provided us with over a quarter-century
of population benchmarks. In addition, much published information from the literature as
i ‘ as original data developed by the Kirtland's Warbler Recovery Team, was utilized in this

|
LAWRENCE A. R r 3
i

The Kirtland’s Warbler (Dendroica kirtlandii) is often referred to as ongi#
of the best known songbirds. Two books and about 200 papers have beeg]
written about the species. Yet mankind was unaware of their existence untif$
the early 1850’s. Neither Wilson nor Audubon ever saw one. Dr. Jared P&
Kirtland, for whom the species was named, never observed one alive (G (428
ford 1975). When he died in 1877, neither the winter range nor the breedh‘ %
range were known. It was not until 2 years later that the winter range wag¥
determined to be in the Bahama Islands. The first colony of breeding blrd,' :
was discovered in 1903 in the jack-pine (Pinus banksiana) plains of noty

i

kG RESULTS
Recent population trends. — Since 1971, the annual census results have
been remarkably uniform - an average of 202.9 +20.8 (one standard devia-
#on) singing males in Michigan. From 1977 to 1980, one to four singing
¢s, all apparently unmated, were also found outside of Michigan. Data
Bfor individual Michigan counties also suggest a rather stable situation
(Table 1). Only when the resolution is increased to individual sections
bquarc miles) do sizable changes become evident (Ryel 1979a). The
; if favailable evidence_suggests that populations in a given area increase largely
thern Lower Michigap (Mayfield 1975). In the next 20 years, apparently ¢ {‘ | p’rccruiting yearlings produced in other areas. Declining populations in an
ly three other colonies were found (Leopold 1924). It appears that theiSSEERarea scem to represent the continual attachment of older males to their ter-
Kirtland’s Warbler has been a rare bird for at least the past 100 years. - (¥S_gritories (Ryel 1979b). One can clearly see the difficulty of assessing the
:

Although considerable effort was expended on life history studies sincpisilBE overall success of the species by studying small portions of its breeding
the 1930’s, no attempts were made to assess the overall number of birds unej o range

til 1951. That year Harold Mayfield organized a census o'f singing males » L
the first attempt in the world to census the entire breeding range of any}
songbird species (Mayfield 1953). Two more censuses were carried out

10-year intervals (Mayfield 1962, 1972a). A drastic 60% decline from 1961 points out that the populations of most bird species are limited by condi-
to 1971 (502 to 201), however, prompted those concerned with the survival ¥ ons during the winter months. Since the population levels of Kirtland’s
of the species to institute annual censuses and provide protection fa BWarblers have remained relatively stable since 1971, in spite of greatly in-
breeding birds. . Eereased nesting success, some people have concluded that the winter range
An interim committee held forth until 1975 when the Kirtland’s Warb as a limited carrying capacity and that the current population level is close
Recovery Team was organized under Federal Endangered Species legi o %o this capacity.
tion. The team has representatives from the Michigan Department of SR So far as is known, the wintering range of Kirtland’s Warbler is restricted
Natural Resources, U.S. Forest Service, U.S. Fish and Wildlife Service, and} 810 the Bahama Islands and the nearby, geologically similar, Caicos Islands
the Michigan Audubon Society. Their goal is to increase the population EMayfield 1960). Actually ““winter’’ is not quite the correct term. Kirtland’s
1,000 pairs and maintain it at that level (Byelich 1976). . ! Warblers spend over 8 months in the Bahamas, generally from mid-August
The objective of this paper is to evaluate some hypotheses which need i illlls late April. Recently there have also been two curious sightings of
be dealt with in our attempts to develop a DORUla“O“ modgl - 43 lirtland’s Warblers in Mexico. Lane (1975) observed one (perhaps two)
mathematical approximation of the population dynamics of the species. Wed rds south of Veracruz on 11 November 1974 and there is a report of three
do not have information on when the decline between 1961 and 1971 occur-{SS m observed near Palenque by George Finney (Paul Aird, pers. comm.
red, whether it was abrupt or gradual, or what caused it. Workers theoﬁzf
ing a crash generally implicate the weather; while those believing the decling
was gradual implicate habitat changes, parasitism, or competition, Since’S

#1978). Barring further evidence, we must view the Mexican reports as

Fpresenting aberrant birds. Certainly no indication of a Mexican wintering
1971, certain management practices appear to have maintained the popula§
tion at approximately 1971 levels, but we have wondered why the popull-

Rarea is evident from fall migration records (Clench 1973).

- Mayfield (1960, 1972b, 1975) and Radabaugh (1974) have summarized
tion has not increased instead. Additional ideas are needed and will be L
welcome. :

Winter range. — Mayfield (1960) felt that the survival of-both adults and
Rfledglings was high on the breeding grounds, which leads one to suspect that
most mortality occurs during migration and/or the winter. Fretwell (1972)

R the historical winter records for the Bahamas. The only period when the
B species could be found there with any degree of regularity was from 1884 to
897. During this 14-year span, over 90% of the some 72 known specimens
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TasLE 1. Counts of singing male Kirtland's Warblers by County, all censuses to date. Bah . .
' amas consist of about 700 islands and 2,400 cays and rocks
. Only

~ - 100 of'the islands and cays are even minimally inhabited by humans
Location 1951 1961 1971 1972 1973 1974 1975 1976 1977 1978 1979 K M®e interiors of most of these are uninhabited (Mayfield 1975; Editions
o, _»l9§0). Evident{y, as a whole, the Bahama Islands have changed very

this century. Kirtland’s Warblers have been collected or observed on

o
AN

Michigan Counties f
i
I

Crawford 142 52 101 101 114 '88 90 95 78 74 o
Oscoda 103 152 48 48 47 41 35 44 59 6 M Sp 16 islands or cays (Radabaugh 1974).
Toseo 4 30 1 2 G WoPlation density influences, — One important thing to determine is
Montmorency 43 61 1 K s the ups and downs of the Kirtland’s Warbler population are due
Presque Isle 34 34 ey to density dependent effects or density independent influences.
R:)scommon 4 13 14 2 7 2 LR, docs the population fluctuate about an equilibrium value (density
Qa‘i(l::saka 2; " s o0 e L v ll) or vary randomly f{om one year to the next mostly due to
—— W 47 ® 5 G5 us 51 & ¥ : BGES in climate and other environmental factors (density independent)?
Olsean w 3 e (1975) has devised a statistical test for density dependence which
Wexford T T T T N N Al Qn_he_ rand?‘m wal’l’c model. In a density dependent population, the
Michigan Total 432 502 201 200 216 167 179 200 218 196 v will be *“small’” where:
Wisconsin Counties
Jackson 2 N _
Ontario Counties V=23 (Xl—X)’
Renfrew 1 | ™
Quebec Counties
Gatineau . =1
NORTH AMERICAN

U= = X — x')z

TOTAL 432 502 201 200 216 167 179 200 219 200 211534

«
i

from the Bahamas were taken. Since the 1900’s, the birds have been €
ceedingly difficult to find. Both their distribution among the islands and,' &
habitat used is virtually unknown. B

In the winters of 1972 and 1973, Radabaugh (1974) spent a total of $08
hours in surveying habitat and searching for Kirtland’s Warblers on 114 S
ferent islands. He found only one Kirtland’s Warbler, a male, which i
observed on 3 different days in March, 1973 on Crooked Island. One objéH
tive of Radabaugh’s studies was to evaluate the idea that worsening habiti
conditions in the winter range might be responsible for the decline of i
warbler population between 1961 and 1971. He noted the most profous
habitat change in and just prior to the decade of interest was the lumbé
of Caribbean pines (Pinus caribeae) successively on Grand Bahama, Abstl
and Andros islands from 1956 to 1974. In all, some 1,690 km? were loggéli
He suggested this activity may have contributed to the population decll
Mayfield (1975), however, counters that in most logged over pine stafil
reforestation progressed rapidly and substantial tracts of pine were left 8%
cut on each of the islands. Furthermore, Caribbean pine occurs on o
four of the northernmost islands. Mayfield (1972b, 1975) also notes m§
annotated observations have placed the birds in young or stunil
broadleaved scrub, even when associated with pines or the pine-like exof
Australian ‘‘pine’’ (Casuarina equisetifolia).

: logarithm of the population size in year t. V reflects growth rate
from the population mean, while U reflects growth rate changes in
years.
L blhe Kirtland’s Warbler, if we assume the spring breeding population
IBe the number of singing males counted, then R = .727. The test is
i { The_critical value of R, = .543 atthe a« = .05 level for N = 10.
eciore this analysis suggests the population, at least at current levels, is
mwongly density dependent; but 10 years of data is not a very long
from which to draw conclusions.

nes and other storms. — Milton Trautman (1979) has long believ-
_hurnc_anes during the fall migration period were responsible for
ing Kirtland’s Warbler populations. He feels that a series of
tating h}lrricanes during the late 1920’s and early 1930’s were responsi-
‘{ !de‘.:hge in Kirtland's Warblers which he is convinced occurred dur-
RIS period. ‘
qous species of birds encountering hurricanes during migration flights
e observed to experience much displacement and considerable mor-
¥ {Cruickshank 1939; Hill 1945). Sutton (1945), however, reports that
- _s were caught while feeding or resting, they were able to adjust
i ito the storm’s conditions. Following passage of an October hur-
B In Orlando, Florida, he found only one dead bird, a Palm Warbler

@ palmarum), which may or may not have been a victim of the
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Hurricanes are almost entirely a fall phenomenon in the North At nties
Since 1900, no hurricanes or tropical storms have occurred during (he8
spring migration period of Kirtland’s Warblers (Neumann, et al. 1978), *
fall migration period appears to be much more spread out than.s ;
migration (Mayfield 1960; Wallace 1968). The available data are limi| ol
but they suggest that most migration occurs during the last half of Augug]
through mid-October (Clench 1973). ki

There were 19 such storms (Table 2) which occurred from 1951 to 19
during the fall migration period (August 15 to October 15) in the vicinity of§
the Bahama Islands. Data through 1977 were from Neumann et al. (1978}
while John Hope of the National Hurricane Center, Coral Gables, Florida]
kindly supplied me with information on hurricanes and tropical storms fg
1978 and 1979. Although the 9-year period, 1952 to 1960, had 13 of the
storms, singing male census results for 1961 were 502, some 16% above thg
1951 count (432). The population did not show any increasing trends ] o8
1971 to 1979 when only one storm occurred (1979). The decade when the & > ATe: L
warblers declined (1961 to 1971) had five storms. i §On the wintering grounds.. Knr'tland‘s Warblers are reported to'be shy and

One might suspect that a storm crossing the northern end of the isk e (Mayfield 1960). This mngh.t be rperely a reflection of thglr rareness,
chain would pose the greatest threat to migrants. Examination of hu "‘ it Eaton (l9§§) r?ported that wintering wood warl_)ler species in Cuba
tracking charts reveals only two such storms since 1951 - Hurricasg ppuld be classified into three groups based on behavioral differences: (1)
Isabella, 14 and 15 October 1964 and Hurricane Betsy, 6 to 8 Septembgiiitiose found singly, (2) those in flocks of one species, or (3) those in flocks
1965. Both of these, however, were in the decade when the populatiy o several species. He included the Louisiana Waterthrush (Seiurus
declined. ¥ psacilla), Ov:enblrd (Seiurus aurocapillus), Northern Waterthrush (Seiurus

Hurricanes and tropical storms are not the only hazardous weathgiimeboracensis), Swainson’s Warbler (Limnothlypis swainsonii), and Cape
systems for migrating birds. Storms associated with cold fronts during bof§ \ Warbler. (Dendroica tlgr{na) in 'the sollt§ry group. -
spring and fall migrations have been reported to result in unusual migratieg Since the birds appear to migrate singly or in small flocks, a single storm
patterns for many species (Gunn and Crocker 1951), as well as outrig uid not be l'lkely to affect much of t.he pppulathn. Thls would be par-
mortality at television antennas, smoke stacks, and other high structur farly true in the fall when tl}e migration period is prolong_ed. The
due to reduced visibility, high winds, and/or heavy rains (for exampiciiisbamas stretch for some 750 miles and there are records of Kirtland’s
Howell et al. 1954; James 1956; Cochran and Graber 1958; Caldwell snfSis lgrs from various islands located throughout the chain. With the
Cuthbert 1963; Caldwell and Wallace 1966; Kale et al. 1969; Taylor aaiiMtering grounds spread over such a large area, the odds of one storm af-
Anderson 1973; Avery et al. 1977; Broughton 1977; Seets and Bohlen 197 ggeting a major portion of the population here seems small.

Both spring and fall migration periods are involved. Warbler species sceg Bl Drought. — Paul Fluck reported seeing “‘bushel baskets’’ of dead birds

to be particularly affected by such conditions since they are generally nogllliiong the Queen’s Highway on Grand Bahama in the spring of 1971
; MRadabaugh 1974). He attributed this to reduced insect life after an ex-

p mely dry winter. In order to gain some insight into the possible effects of
gught, I examined the rainfall patterns from the Nassau International

il migrants and often appear to travel together in loose assemblages of
gyeral species.

& hile no dead Kirtland’s Warblers were observed in the above studies,
¢ potential is certainly there. In a most dramatic episode, Trautman was
ipatbering bird casualties at the base of the Perry Monument, South Bass
ind, Ohio (Lake Erie), the evening of 24 May 1954 when a falling
Eitland’s Warbler struck him (Mayfield 1960). .

@ln recent years it seems that members of the Kirtland’s Warbler Recovery
Team are apprised of at least one sight record every year, but in the ag-
fpegate these still amount to a relatively small number of observations over
years. Most of these observations are of single birds, either in the
amas or during migration. In 30 years of bird watching in Michigan, I
gponally have observed this species only once during migration, On 10
sy 1969, 1, together with my wife and son, observed two males on the Erie
ate Game Area, Monroe County.

:
<

TABLE 2. Hurricanes and tropical storms in the Bahama Islands, August 15 to October 15.:_ i
i

0 1979, HRkport and prior to 1957 from Oakes Airport (National Climatic Center,
llous dates). While these may not reflect conditions for the entire island
Year Number Year Number ein, no other records were easily available,

e s 1960 1H, 2T yvinter is normally the dry season in the Bahfamas. but some years are

1953 1 Te* 1963 1H pech drier than others. The November to April period for the 10 years

1954 2H,IT 1964 2H gom 1951 to 1960 averaged 328.2 mm. of rain. The following decade, when

1956 2T 1965 1H ""nrbler population declined, was decidedly drier, averaging 200.5 mm.

1958 1H, 1T 1966 1H * D% less per year. The past nine winters have been intermediate, averag-
1959 IH 1979 I H .

g 302.7 mm.

2 lsing stepwise multiple regression (MIDAS statistical package developed
b9y the Statistical Research Laboratory, University of Michigan, and run on

e

* Hurricanes in vicinity of Bahama Islands.
** Tropical storms in vicinity of Bahama Islands.
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the university’s AMDAHL/v8 computer), we constructed a simple
based on the number of singing males in Michigan in year t (X.,.
estimated number of fledglings produced in year t (Xs), and the sum (i

3. Simple correlation matrix of variables used in population model,

Variables
Nassau rainfall in mm from November to April for yearstandt + 1 0‘ : TR Fledglings Rissan 5o Miales peay
predict the number of singing males in Michigan in year t + 1 (Y) 1 year t year Nov.-Apr. t+ 1
estimated number of fledglings (X,) was calculated by multiplyin - (X)) (X1) (Xs) (Y)
number of males by the average number of fledglings produced per lales year ¢ (X)) 1.0000
from field studies. In some years the average number of fledglings pcl' fglings year ¢ (Xy) -.0255 1.0000 v
was in turn estimated from the number $f fledglings per nest. R¥ A ’:‘" Xy .2690 -.1813 1.0000

The resultant prediction equation is: -.05752 X, + 03976 P
» 1 Y : . 77128 .

09389 X, + 163.89. The significance level is .09 and the R? value is .8 e W ”‘ggnmcancc Il::;: 2 10000
The actual and predicted values for 1972-1980 are shown in Flgurel Ol = 7977 **

equation is the best fit for this particular set of data, but I do not m 714 01 .05 = .6664*
imply this is a general model. Clearly it is not applicable for populatio
1951 or 1961 levels.

The partial regression coefficient for the Nassau rainfall variable
significant at the a = .05 level, while neither of the other two coe
approach significance. The simple correlation matrix which was
develop the regression equation is shown in Table 3. Nassau ralnfaﬂ

November to April is significantly correlated with the number of 1

s in the following June at the a« = .05 level. None of the other cor-
Mtions approach significance.
ﬂmce. there is a strong support for the notion that overwinter survival of
Airtland’s Warblers is related in a positive fashion to the winter rainfall.
i does not mean that there is a direct cause and effect relationship.
&ather, increased rainfall likely causes increased plant growth which in turn
iy produce larger insect populations. The male that Radabaugh (1974)
Raerved over parts of 3 days in March, 1973, spent about 70% of its time
ely searching for food. He guessed that the foraging area was at least 7
B, much larger than the usual breeding territory in Michigan. He also
’, ed the foraging area was not rich in other bird life and no conflicts (or
n close approaches) were observed with any other bird. The total rainfall
lesau that winter (November, 1972 through March, 1973) was 258 mm.,
fourth highest year in the decade (National Climatic Center, various
) It’s possible that in ‘‘dry’’ winters, so much ehergy is spent searching
M food, that it affects survival.
Comperition - At higher population levels, competition might well
me a significant factor. Fretwell (1976, 1977, 1978) hypothesized that
petmon for food, both from other warbler species, particularly the
m Warbler and Prairie Warbler (Dendroica discolor), as well as in-
5 ific competition, influenced the number of Kirtland’s Warblers that
" ed the winter. He felt that the population was strongly density de-
peadent and that the more birds that attempted to winter, the higher the
Ritive mortality, Subsequent population changes did not completely sup-
1; K J his predictions, nor did the test described above reveal density
ence at current population levels. In addition, simple correlations
150 A—— —_— ” — ] M le 3) between fledglings in year t and males in year t+1, as well as

1972 1913 1974 1975 9i6. 4377 178 1979 in year t and males in year t+ 1 were both positive.
YEAR 31

FIGURE 1

SINGING MALE KIRTLAND'S WARBLERS
ACTUAL VS. MODEL
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Summer range. — On the breeding range in northern Lower Michigan, . . ) .
| Y . . ! ABLE 4. Estimates of occupiable habitat — Michigan's Ki ¢
Kirtland’s Warblers characteristically occur in loose aggregations or “‘cok i§ Ll ichigan's Kirtland's Warbler range (hectares).
onies.”” The birds occur typically in dense stands of Christmas-tree sized ™~
jack-pine covering 32 ha or more, which are produced naturally by fores %61 idds 1979 1984 1989

fires. The birds also utilize plantations of jack and occasionally red pine.JJSs National Forest 2,480 1,220 1,590 2,180 2,400

(Pinus resinosa) which simulate this configuration. The birds no longer usg. ] 4,800 2,880 4,460 4,240 1,870
: . e ational Guard 380 1,620 1,210

an area when the trees are 4.9 to 6.1 m tall. A typical time span of use migh B g . J :

be 10 to 12 years, but the range is on the order of 6 to 19 years (Mayfiel , ,100 6,430 8,040 5,480

1960). . }
Many workers, notably John Byelich, Recovery Team leader, feel that JEE

the breeding habitat is the most critical factor in the birds’ survival. Indeed
the evidence from bird collectors seems to indicate that the highest popula- §
tions occurred during the 1880’s and 1890’s following the dramatic changes
that occurred in northern Michigan with the cutting of the pine forests and
the many subsequent wild fires (Mayfield 1975). In this century, Michigan
forest fire control has become increasingly efficient, greatly reducing the
number of large fires, which in turn has reduced the amount of habitat. The
birds, however, have never come close to occupying all of the apparently i
suitable habitat in a given year. Our idea of warbler habitat, however, may {J
well be different from that actually most appropriate for the birds. Jerome
Weinrich, Michigan Department of Natural Resources, and William Irvine, 3
U.S. Forest Service, estimated that approximately 2,430 ha were occupied /8
by the birds in 1980. This is almost identical to Mayfield’s (1975) estimate i;‘i
for 1974 and Wood’s (1926) estimate for 1925. The birds seem to prefer i3
large colonies; but paradoxically, most colonies are small. In 1980, the me- J2
dian size for the 22 colonies was four males, while the mean was 11.0 (ex
tremes 1 to 49). About % of the singing males were found on the sites o
five wild fires (Ryel 1980b)., Mayfield’s (1962) studies indicate that the birds
prefer natural growth over planted trees. This preference may be related t
differences in growth form and spacing of the trees, difference in groun
cover, and reduced competition from other species of animals, ;

Using current forest stand data, David Sorenson, U.S. Forest Service,
and Jerome Weinrich were able to project both forwards and backwards t
estimate the probable extent of suitable habitat in state and federal owner
ship at several points from 1961 to 1989. In 1980, 92% of the singing males
were found on state or federal land. During the decade when warbler
populations declined by 60%, there was a corresponding decline of aboul
44% in habitat. By 1979, the habitat had increased to 88% of 1961 levels;
however, there has been no general increase in warbler populations, Habitat
projections indicate a further increase through 1984 followed by another
decline (Table 4). ,

The Recovery Team has designated 51,650 ha (58% state forest and 42%.‘ ;
national forest) as critical habitat. Management plans are nearly complete 138
and some work has already been done. An additional 3,040 ha of Michigan '§

INational Guard land has potential for producing habitat through occa-
{'sional wild fires caused by training maneuvers. Objectives are to regenerate
,090 ha per year - 690 state and 400 federal. However, there is a time lag of
to 10 years before it will be occupiable.

“" To protect nesting Kirtland’s Warblers from human disturbance, the
Recovery Team has posted known breeding areas against entry from May |
0 August 15 each summer. No bird watching or bird photography is allow-
led except by supervised tours conducted by the U.S. Fish and Wildlife Ser-
jvice at Grayling and the U.S. Forest Service at Mio (Ryel 1978). Agreements
with the Michigan National Guard have resulted in alterations of their train-
g maneuvers during the nesting season. No research studies have been ap-
roved in active colonies except the work of Walkinshaw (1981) and
thbert (unpublished) who have monitored nesting success.

L Anderson and Storer (1976) analyzed the influence of 47 variables on
c pesting success using information which had been gathered on 545 nests
!from 1931 to 1975. They found no variables which significantly affected
& fledgling success except Brown-headed Cowbird (Molothrus ater)
B parasitism and two factors which seemed to aid cowbirds: the presence of
ihrge trees or snags and hilly terrain. There was also some indication (not
statistically significant) that larger colonies had somewhat better success.
Itis likely that summer and early fall weather, particularly rainfall, on the
8. breeding grounds may influence fledgling survival, either directly or in-
rectly, but this has not been investigated to date.

Brown-headed Cowbird. - Leopold (1924), one of the first to study
¥ nesting Kirtland’s Warblers, listed cowbirds as ‘‘common’’ in the area in

i losco County where he observed two Kirtland’s Warbler nests in 1923, one
B of which was parasitized. He was apparently the first to blame the cowbird
for the scarcity of the species.

Mayfield, Walkinshaw and others also soon came to view the cowbird as
€8 the greatest threat to the Kirtland’s Warbler. They are convinced that the
§ decline between 1961 and 1971 was due to cowbird parasitism (Walkinshaw
' 1972; Mayfield 1960, 1961a, 1961b, 1972a, 1972b, 1975, 1977, 1978). Their
8 records indicate parasitism was high in the past and became higher in recent
E'years, Mayfield’s (1975) data, largely from the 1940’s and 1950’s, indicated
out half of the nests he found were parasitized. He estimated an average
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) her trials of th_e same sort of deterministic simulations also convinced
-H,ﬂ either fledgling production was underestimated and/or that fledg-
B mrvival was extremely high (Table 6). The former, at least, turns out to

of 1.35 fledglings were produced per pair during this period. Comp# i
data from Walkinshaw (1981) for the years 1931 through 1955 show a 2§ |
nest parasitism and a fledgling production of 1.64 per nest. From 1957 ¥,

1971, however, he found 75% of the nests were parasitized and an 0 rertll i Rpmrtially true. Early workers felt Kirtland’s Warbler was single brooded
fledgling rate of less than one (Table 5). _ il ' d 1960). Radabaugh (1972), however, found that if the first brood
In order to properly evaluate what these production data mean, we NéSSiENENNERIged by the end of June, about 40% of these pairs may nest again,

=

all, however, not many pairs attempt to rear two broods, Walkinshaw

to consider survival rates. Roberts (1971) calculated the average ans i
1) found only about 5% of the pairs he studied from 1972 to 1977 tried,

adult survival rate for six eastern warbler species at 64%. Nolan (1978) ;
cluded that the average annual survival of adult Prairie Warblers in Indiasi B Orr (1975) in a 1974 study found 17% did. Per pair and per nest data
was 65% for both sexes. Mayfield (1960) estimated the corresponding figes 8 these studies are shown in Table 5. Of course, as with most bird
for Kirtland’s Warbler to be about 60%. RSN, if the first nest is destroyed, many will renest. Mayfield’s (1960)
Fledgling survival is much more difficult to evaluate. Most ycarig B la Table 5 take this into account. Determining the true production for
Kirtland’s Warblers apparently do not return to the colony where they wel pen pair requires following them closely through the entire breeding
fledged (Ryel 1979a), hence, estimation of survival from banding returné & 8, Associated errors all tend to depress fledgling rates. Hence, actual
very difficult. Nolan (1978) estimated that the survival of Prairie Warbi ng rates per pair for early years were probably somewhat higher than
fledglings to the following breeding season was about 32%. Roberts (1 2!} e Indicated. If I had to pick a simulation which best fits the available
concluded that the first-year survival of fledglings for some ‘‘less S0O%g B, it would be similar to number 5 in Table 6 which uses a 65% adult sur-
cessful’’ species of warblers (including Kirtland’s) had to be on the orde( SN, & 35% fledgling survival, and 1.50 fledglings produced per pair. This
45% for a stable population. In most species of wildlife, the survival Mg M in 2 60% population decline in 10 years. It is obvious that parasitism
young of the year is much more variable from year to year than t M easily have caused the observed decline.
adults. N i cowbird control program, based on the work of Nicholas Cuthbert of
As Mayfield (1960) points out, at the fledgling rates he observed In W8 , Michigan University, was begun with high hopes in 1972 (Shake and
studies from 1944 to 1957 (Table 5), the survival rate for fledglings wos smmon 1975). About 3,000 cowbirds per year were removed from
need to be about 57% to maintain the population, or nearly equal to (a8 gewang areas. Parasitism rates dropped to near zero. Walkinshaw (1981)
60% he calculated for adults. 4

§

W oilly 6% (14) of 230 nests he studied from 1972 to 1977 were
astized, and fledgling rates were very high (Table 5). In effect, the
Wrd had been eliminated as a factor.

| {

et

TABLE §. Kirtland's Warbler nesting success.

Number of

Number Number NCf""‘SS fledged 8. Effects of various survival and production rates.

Year of pairs of nests per pair per nest Source

1944-1957 206 1.35 .90 Mayfield Assumptions Needed fledglings produced

1931-1955 28 1.64 Walkinshaw " Annual Fledgling per pair to achieve

1957-1968 25 .64 Walk!nshaw adult . survival Stable 60 percent decline

1969-1971 38 92 Walkinshaw survival- to spring population in 10 years

1972 26 32 3.35 2.72 Walkinshaw -

1973 31 34 2.97 2.71 Walkinshaw .60 25 3.20 2.50

1974 54 63 3.35 2.87 Walkinshaw .60 35 2.29 1.80
Orr .60 45 1.77 1.40

1975 32 37 3.9 2.76 Walkinshaw 60 55 1.45 1.14

1976 30e 33 2.97 2.70 Walkinshaw 65 a5 2.00 1.50

1977 29 31 2.21 2.06 Walkinshaw 65 45 1.56 1.17

1978 25 3.20 Cuthbert .65 .55 1.27 .95

1979 35 2.69 Cuthbert .65 .65 1.08 .81
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Recovery Team members expected cowbird control to result in increase (," ST
warbler populations. Since cowbird control was begun in the spring of 19

it should have influenced the breeding population of 1973 and succeeding'$
years. While the 1973 census was higher than the preceding 2 years, 1914 %
was the lowest count to date and still holds that distinction. The number of
males did not reach the 1973 level again until 1977 (Table 1). Althoughf
Kirtland’s Warbler populations have not responded as many predict'ql,
Mayfield (1975) argues convincingly that without cowbird control, the i
species might well be on the verge of extinction. . i

it
i) The population of Kirtland’s Warblers declined by 60% from 1961 to
1971. A number of hypotheses have been advanced to account for this
fdecline. These were evaluated using simple models, logic, and information
K from the literature. The most important factor in the decline appears to
ave been parasitism by Brown-headed Cowbirds which resulted in fledg-
Biling rates too low to maintain stable population levels. Since 1971, a
Geowbird trapping program has essentially eliminated the cowbird as a fac-
'pf. but the warbler population levels have not increased. Examination of
fpecent population fluctuations suggests the species is not currently density
dependent. At present it appears that the population is being regulated on
the wintering grounds, largely through the agency of rainfall. Relative
gver-winter survival seems to vary directly with the amount of rainfall.

. B urricanes and other storms have a high potential for killing birds, but the
It appears that cowbird parasitism was the most important factor in cause'§ fehances for mass destruction seem small because of the behavior of the
ing the population decline from 1961 to 1971. Tbe evidence from ngstl'}{f' B birds during migration and on the wintering grounds. Winter habitat in the
studies reveals that not enough fledglings were being produced to mamu.ll‘ (SN Bahamas apparently has not changed much in this century, although there
a stable population. However, this was also a decade of generally low rain- {Sxsve been extensive pine harvests on three islands beginning in 1956. On the
fall on the wintering grounds, as well as declining nesting hablta} on the’ fsmmer range, suitable breeding habitat declined by 44% from 1961 to
breeding range and these factors probably contributed to the decline.  (ESB197], This was followed by an increase which is expected to continue until
Since the cowbird control program, initiated in 1972, eliminated the§ £)984. Another low point is looked for in 1989. Extensive habitat manage-
cowbird as a factor, many of us expected to see Kirtland’s Warbler popula-3

: a 1 t is now underway on both state and federal lands to insure adequate
tions rebound to previous levels. During the past decade, the amount o(' Btamounts of breeding habitat in the 1990’s and beyond. -
suitable or occupiable breeding habitat also increased to near 1961 levck,;l. il
The conclusion seemed inescapable that something was controlling i” g
population either during migration or on the wintering grounds where the g8
birds spend the majority of the year. Hurricanes and other storms during§ .
migration are potential, but seemingly unlikely, agents to accomplish such W-124-R and E-1. Harold Mayfield offered many valuable suggestions and was most helpful
control. A more logical variable would be the winter food supply, 8 alerting me to pertinent reference material. Conversations with Stephen Fretwell about
presumably insects, which might vary with weather conditions. Rainfll' B Kirtland's Warbler population dynamics were most enlightening and stimulating. My col-
seemed a good candidate, and a surprisingly good relationship between sur« i Msuc, George E. Burgoyne, Jr., carried out the multiple regression analyses.
viving males and rainfall was found. e |

Examination of recent population fluctuations indicates that the birds are}
currently not strongly influenced by density dependent factors. This implies §
that a consecutive series of winters with average or above average rainfal §
will allow the population to build up. If and when this happens, however,!
there must be adequate breeding habitat present for the expanded numberg!
of breeding pairs. Obviously cowbird control and other protection will nedw i
to be continued. g

DISCUSSION

Clearly we cannot conduct carefully designed experiments to test ¢ 8
various hypotheses discussed in this paper. Here we have tried to evalug i
them, one at a time, using variously simple models, logic, and informali.
and opinions from the literature. g
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PERSPECTIVE ON THE KIRTLAND'S WARBLER
Harold F. Mayfield

Kirtland's Warbler Recovery Team Member
1162 Nannette Drive
Toledo, OH 43614

For nearly 400 years our language has had a phrase to describe
anything of special interest because of its rarity. We call it a rara
avis or rare bird. The epitome of this term in America for more than
100 years has been the Kirtland's warbler.

Its rarity attracts attention. Every year hundreds of birders
travel to northern Michigan to see it. Even scientists are not immune
to its appeal, and for an additional reason. While the problems of
survival in an abundant species may be almost hopelessly complex, these
problems are brought into sharper focus when the subject consists of a
few individuals in one place. The setting is almost like a laboratory.
As a result, the Kirtland's warbler is one of the best-studied birds in
America. Three books and hundreds of articles have been written on it.
Kristina Huber's 1982 annotated bibliography listed 800 titles, and Amy
Stone's 1986 unpublished bibliography listed 291 on migration and
wintering alone.

Yet, the bird continues to baffle us. Why is it so rare and
difficult to predict and manage? For perspective on these problems,
let's look at its history.

Prehistory

The nesting habitat is distinctive but transitory. The warbler
nests only on sandy soil in level or gently rolling terrain among
extensive stands of young jack pines 2-4 m tall (8-20 years old). These
conditions occur naturally only after major forest fires in pinelands of
a special kind, and they last only a few years at any spot. These
narrow requirements ultimately limit the bird's population and range,
and virtually assure us it has been rare for a very long time.

The present jack pine plains of Michigan have existed only since the
retreat of the Wisconsin Glacier. Until recently we had assumed that
the Kirtland's warbler in former times had found suitable habitat
broadly on the sandy outwash plains beyond the foot of the glacier as it
advanced and retreated across Ohio and the Prairie states. However,
recent pollen analysis has forced us to revise those views. At the
height of the last glaciation 18,000 years ago jack pine was virtually
absent from the Midwest, and it did not re-enter this region until about
10,000 years ago. However, during this whole glacial period jack pine
was abundant in the southern Appalachians and the Southeast coastal
plain. Therefore, unless the bird has changed its habitat in recent
geologic times, it nested only in a limited portion of the Southeastern
coast for about 70,000 years before the present inter-glacial period,
migrating in winter to the nearby Bahama Islands, which were vastly
larger in extent than at present with the sea level 400 feet lower.




Here again, the Kirtland's warbler may shed light on the history of
other songbirds nesting in the North and wintering in the West Indies or
beyond (Mayfield, 1988a).

Early Historical Record

This species was first described from a specimen, a male, taken on
May 13, 1851, 138 years ago, in the orchard of the distinguished
physician and naturalist, Dr. Jared P. Kirtland, on the western
outskirts of Cleveland, Ohio. This was at the height of the spring
migration of warblers, and the presumption was that it was bound for its
nesting grounds somewhere in the Northern forests. But where?

In the next 50 years other individuals were collected at scattered
locations in the Midwest and Southeast, and the bird was found
repeatedly in winter in the Bahama Islands. The breeding grounds
remained a mystery until 1903 when two graduate students from the
University of Michigan, fishing on the AuSable River, heard and saw a
strange bird and brought it back to Ann Arbor. There Norman Wood, the
museum curator, instantly recognized it and hurriedly traveled north to
the location. After a search of 7 days he found the first nest on July
8 (Wood, 1904). A monument now marks the spot. Fully 90 per cent of
the nests found since that time have been in the drainage of that same
stream.

This first eyewitness to the Kirtland's warbler on its nesting
ground found it scarce at that time. He said, "It is not, however,
every jack pine plain that is the home of a colony, as I examined
hundreds of acres where the conditions seemed all right, and found none"
(Wood, 1904:10). He continued searching for more than two decades and
found other colonies within the same general range, but as late as 1926,
in accordance with the views of the day, he saw fire as a threat to the
bird rather than its salvation (Wood, 1926:12).

Yet, a little earlier, in the 1880's and 1890's, we have reason to
suspect there may have been a temporary surge in the population. At
that time specimens turned up in Illinois, Missouri, and Minnesota, well
to the west of the normal migration route, where it has not appeared
since. Also collectors found it with ease in the Bahama Islands,
accumulating 66 specimens in those two decades, but only an occasional
specimen before or since that time (Mayfield, 1960:35). Charles J.
Maynard took 24 in a few weeks near Nassau in 1884, but no one has seen
more than one or two in modern times.

It may be significant that this apparent upsurge in population
coincided with the regrowth of jack pines following the wholesale
lumbering and burning of the forests of northern Lower Michigan.
Without doubt, there was more nesting habitat for the warbler in that
period than before or since in historic times.

Cowbird

When the lumberman and the farmer who accompanied him opened the
forest, they brought a new threat to the warbler. The Brown-headed




Cowbird, a creature of the central grasslands of the midcontinent,
thrived in the newly cleared semi-open country. It spread eastward and
northward with the clearing of the land, finding the horses and cows of
the farmer good substitutes for the bison it had followed from time
immemorial. It probably reached the Kirtland's warbler about 1880.

The cowbird builds no nest of its own but uses the nests of other
birds, usually smaller species, laying its eggs in their nests and
removing an equivalent number of their eggs. In addition, the cowbird
eggs usually hatch first and trample or crowd out many host young. The
cowbird found the Kirtland's warbler a perfect host while continuing to
use other species nearby. Thus, the warbler could sink to zero without
serious detriment to the cowbird. This is a rare example in nature
where predatory pressure does not relent when the prey becomes scarce;
that is, the pressure is not density-dependent, in the language of
ecology.

In the face of this new threat, the Kirtland's warbler is almost
defenseless. The longtime associates of the cowbird in the West have
developed defenses against it, but many small songbirds of the East like
the Kirtland's warbler are highly vulnerable (Mayfield, 1977). Since
its arrival in this region the cowbird has steadily increased, putting
ever heavier burdens on its hosts. In the 1940's and 1950's the cowbird
was depressing the production of fledgling Kirtland's warblers by 50 per
cent, but in the late 1960's the toll had arisen to about 7Q per cent
(Walkinshaw, 1972), an intolerable loss to sustain.

Accordingly, the population of warblers, which had been about 1,000
adults in 1951 and 1961 slipped to 400 in 1971. Immediately, measures
to control the cowbirds were initiated on the warbler nesting grounds,
and the decline was arrested. The way to remove cowbirds efficiently
with little damage to other birds had been discovered by Nicholas L.
Cuthbert, using a trap devised by the U.S. Fish and Wildlife Service to
control blackbirds where they are pests in farmers' fields. Cowbird
trapping was remarkably successful and this enemy was almost completely
eliminated from the warbler nesting areas. In 1975 I made calculations
based on the Kirtland reproduction rate under recent cowbird pressure
and concluded that without protection the last Kirtland's warbler would
disappear in 1978. We did not allow that to happen, but the population
has not spurted as we had hoped.

Other Problems of Survival

Viewed over the long pull, the population of Kirtland's warblers in
the 1970's and 1980's has been remarkably stable. In 18 years through
1988 the mean count of singing males has been 206, with a range of 167
to 242 (Weinrich, 1988). In years of gain, the mean has been 16.8 males
or 8 per cent of the mean population, and in years of losses, the mean
has been 19.5 or 9 per cent of the mean population. Thus, the mean
variance has been less than the probable error of the census method,
which has been estimated to be at least 10 per cent of each count.

Rarity itself brings a special set of problems. At some point we
would expect a decline in fertility as a result of inbreeding. But if




this has occurred in Kirtland's warblers, it has not showed up in field
studies. On the contrary, the bird has continued to show excellent
production of eggs and fledglings. For example, the production of
fledglings in the first 6 years after cowbird control was 3.11 per pair
of adults per year (Walkinshaw, 1983:152). This far exceeds the
production of Prairie Warblers, a well-studied, widespread, and
successful species, which produces 2.2 fledglings per pair per year
(Nolan, 1978:419). Also the survival rates for adults from one June to
‘the next is typical for a small songbird with a long migration. The
survival rates for adult Kirtland's warblers is about 65 per cent of the
previous year's population, exactly the same rate reported for the
Prairie Warbler (Nolan, 1978:469). Therefore, if Kirtland's warblers
are less successful than other warblers, the reasons must lie with some
selective pressure against the young in their first year of life. Here
we have little exact information.

In a stable population where the annual survival rate of adults is
about 65 per cent and the production of young is 3.11 fledglings per
pair per year, the recruitment of yearlings calculates to be about 22
per cent per year, somewhat lower than for comparable birds. This
calculation, however, could be astray if a substantial number of males
on the breeding grounds are unmated, as has been suggested lately
(Probst, 1986). But this idea runs against the experience of a series
of past observers who worked intensively for successive years in single
colonies and rarely failed to find a female with each male.

Losses of unknown magnitude occur at every stage of the annual
cycle: (1) late summer on the nesting ground, (2) fall migration, (3)
wintering from October to April in the Bahama Islands, and (4) spring
migration. These problems beset all small migrant songbirds, of course,
and our puzzle is to discover how Kirtland's warblers are different.

Our field work to date has not detected. any special hazards in the
summer and winter places of residence, and the adults obviously cope
well with vicissitudes of migration, but the migration of birds making
their first long-distance trip may present more than ordinary
difficulties in this species.

The migration south ought to be relatively easy. The route is
mostly over land, and a little straying ought not to be disastrous.
Also the target consists of a string of islands almost 700 miles long,
with each island in sight of one or more of the others. In the
northward migration, on the other hand, the target is small, in recent
years shrinking, and perhaps reached by one long nonstop flight
(Mayfield, 1988a). If a bird misses it, the individual may find vast
expanses of pinewoods beguilingly similar to what it is seeking but
devoid of other Kirtland's warblers. Our experience shows that such
birds may take up summer residence there but not find a mate. If so,
they are wasted, victims of their own rarity (Mayfield, 1983).

Less rare birds do not have this problem. Most long-distance
migrants may miss their destinations by hundreds of miles without
serious consequences. If they are displaced to left or right by the
width of several states, they may still find suitable habitat and mates




at the same latitude elsewhere. If the Kirtland's warbler misses by the
width of two counties, its nesting potential is lost. Indeed, we know
that some miss. In recent years we have found several of these, all of
them males and all of them without mates. We have no idea how many are
lost by straying, but it is apparent the number is larger than we would
have supposed a few decades ago. Determined effort in recent years in
the pinelands of Wisconsin and Ontario have turned up examples. The
number found may reflect the skill and effort of the observers more than
the true number of birds. In 1988, Wesley Jones, a man thoroughly
familiar with the bird and its habitat, discovered 8 individuals in
Wisconsin alone. It is reasonable to suppose that these strays are
mainly yearlings. It is also probable that many strays are females, but
being silent, are never found. In any case, the total loss from this
cause must be far larger than the number of strays actually counted.
Dispersal may have survival value in a widespread species, but it can be
costly to a species with narrow habitat requirements.

The warblers traverse the hurricane zone spring and fall, and some
people have wondered if storms might jeopardize the species in
migration, but we have found no relationship between severe storms in
migration season and subsequent counts of the population in Michigan

(Ryel, 1981:79-81).

Since the bird seems to be doing so well on the breeding ground, we
grope for explanations on the wintering ground, where it spends the
larger part of the year. Here the only clue we have is a correlation
with rainfall in the Bahamas, a wetter winter presumably yielding more
plant and animal food for the birds (Ryel, 1981:81-83).

Habitat

With so many aspects of this bird's life baffling us, we concentrate
on what we can see readily. Obviously an ultimate limitation on the
population is its nesting habitat. But precisely what are the
ingredients in the habitat? From the time of the discovery of the first
nest, everyone has recognized the association with the jack pine. But
it is equally obvious that trees are not the whole story. Soil and
ground cover are involved, although we find it hard to be precise about
these. We can describe the situation where we find the bird nesting,
but we strain our imaginations sometimes to explain the bird's absence
from some jack pine stands, both in Michigan and in other nearby states
and provinces. Remember, the jack pine stretches nearly the width of
the continent and northward almost to the arctic. d

I find it amusing that Norman Wood estimated the suitable habitat to ‘
cover 6,000 acres in 1925 (Wood, 1926:13), exactly the same figure I was %
using 50 years later with much more information. However, I do not
place much confidence in such estimates, including my own, because they
are based on circular reasoning; the habitat is suitable if it has L
warblers, and it is not suitable if it does not have warblers. We still il
need to know what disqualifies tracts elsewhere including Christmas-tree {
plantations that abound just to the west of the present Kirtland range.
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The greatest event in recent Kirtland's warbler history was the Mack
Lake fire of 1980, which burned nearly 30,000 acres and promises to
produce more habitat for the bird than all the rest combined during the
last three decades. However, this should not be regarded merely as a
solitary, unrepeatable incident. One has only to drive through the sand
country to see thousands of acres of mature trees waiting for conditions

to be right for a devastating fire.

Remember, in jack pine, fire

deferred is more severe when it comes. I have counted 6 fires of more
than 15,000 acres each in this region since 1920.

Plainly the warbler needs more than trees. At one time we thought
the character of the ground cover might be crucial, because the bird

does much of its food foraging there

and conceals its nest there. But

each time we think we have identified features of the ground cover that

are essential, we find examples that
must not be tall and dense unless it

The first question a novice asks
Inquiries in this direction have led
eat whatever is abundant at the time
Indeed, the small amount of time the

are different. Nevertheless, it
consists of small pines.

is how about the warbler's food?
us nowhere. The warbler seems to
in the trees and the ground cover.
bird spends in food searching

suggests that it lives in the midst of a smorgasbord of invertebrates
and berries on its summer range, except perhaps during the first chilly
days of May when it arrives on the nesting ground.

If the Kirtland's warbler suffers more than other small songbirds
from predators and competitors, we have not seen it. On the contrary,
it seems to me the bird has chosen relatively depauperate regions both

for summering and wintering grounds.

The jack pine barrens in Michigan

are so nearly devoid of life that the prehistoric Indians avoided them.
The other birds found there in nesting season all seem to do better
elsewhere. Predators are rare, and observed instances of predation are
few. Likewise, the Bahama Islands are the most barren of the West

Indies. Hence, it appears that this
survived by finding a sanctuary both

unsuccessful, relict species has
in winter and summer.

Habitat embraces the total environment: vegetation, soil,

competitors, predators, and climate.
received attention for decades. Now

All of these except climate have
Burton V. Barnes and his students

have focused their attention on the microclimates at nest sites, finding

significant differences according to
warbler may not nest successfully in

soil and elevation. It appears the
spots where early June days bring

below-freezing temperatures at ground level. This may help explain why
many tracts that look right to our eyes have no nests. Also it may
explain why Kirtland's warblers utilize only the southernmost of the

jack pines in North America.

Conclusion

Finally, as we weigh the fate of the

"Kirtland's warbler at the

crossroads - extinction or survival," I think it is clear that we have a
greater need for ideas than for trees.
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KIRTLAND'S WARBLER
RECOVERY PLAN

PART I

INTRODUCTION

The Kirtland's waroler, Dendroica kirtlandii, was first discovered in 1851
winen a spring wizraat was taken near Cleveland, Ohio. Five uore spring
aigrants (four in Ohio and one in southern Michigan) were collected before
the first wintering bird was collected on January 9, 1879, on Andros Island,
Bahamas. Between 1884 and 1897 there were T1 specimens collected throughout
tne Bahamas. Until receatly this species had never been found outside the
Bahamas in winter, except for an unconfirmed report of two being observed
near Veracruz, Mexico, in November 1974. Recent searches, however, have
expanded the known winter range to a numoer of other Caribbean Islands.

Over a half century after the species was first described, its nesting range
was discovered. A speciuen collected on June 13, 1903, near the AuSaole
River in western Oscoda County, Michizan, was taken to Norman A. Wood,
curator of birds at the University of Michizan Museum of Zoology, who
identified it as a Kirtland's warbler. Wood promptly set out on a trip to
Oscoda County, traveling by rail, rowboat, bugly and foot to searcn for
nesting birds. Between July 2 and 7 he discovered two small groups of
warblers which he described as "colonies" near Butler Bridze (now Paruwalee
Bridge) in "jack pine plains,®™ but found no nests. On July 8, 1903, Wood
moved to a jJack pine plain further to the west, aad in the western part of
Section 31, T27N, R1E, Oscoda County, he found the first nest.

Singinz wmales and migrants have been found in other parts of the Great Lakes
Region, but aowhere other than Michigan has a nest been found. Searches for
nesting birds were initiated in Canada in 1977 and Wisconsin in 1978 and
expanded to Minnesota in 1979.

llo serious attempt to estimate its numbers was made until 1951. At that
time, on the hundredth anniversary of its discovery, it became the first
sonzoird in the world to have its entire population censused. Several
Zroups of ornithologists working in cooperation visited all the suitable
nabitat within the known nesting range and counted the singing males. Four
hundred thirty-two males were found. The number of females was judzed to be
aoout equal to the number of males, and so the total population was put in
the neighborhood of 1,000 birds (Mayfield, 1953).

Nest ooservations during the 1940's and 50's sinowed that the production of
youngd was so low as to raise douots tnat the species could maintain itself.
However, a repeat census in 1961 revealed 502 males. Hence, the total
population was still in the vicinity of 1,000 birds (Mayfield, 1962).

The third decennial census, taken in 1971, confirmed the dire predictioans of
the previous decade. The count showed a 60 percent decline to 201 singing
males (Mayfield, 1972a). The population was down from about 1,000 birds to
about 400. Iuwmediately the frequency of the censuses was stepped up to
yearly, and the count froam 1971 to present has been remarkably level,
although with a moderate, but temporary, decline in 1974 and 1975.
(Mayfield, 1973a, 1973b, 1960; Ryel, 1984).



In the decline between 1961 and 1971 the population did not simply tniy out
across its entire nesting range but collapsed back into the center of its
range, where nesting continued at normal density. The reduction in numbers
and area utilized is as follows:

Population Trend, Kirtland's Warbler 1951-1985 (No. American Totals)

Michizan Michizan
Year Males Counties Sactions (sq. mi.)
1951 432 8 91
1961 502 9 86
1971 201 6 27
1972 200 4 27
1973 216 y 25
1974 167 5 27
1975 179 6 31
1976 200 6 47
1977 219 6 42
1978 200 6 36
1979 211 6 41
1980 243 6 42
1981 232 6 46
1982 207 7 by
1983 215 8 48
1984 215 7 49
1985 217 7 49

Past and Present Distribution

The narrow habitat requirements of the Kirtland's warbler have always
linited its range severely. Presumably, the bird nested in the conifer zone
on the sandy outwash plains in the wake of the Wisconsin Ice Sheet. This
conifer zone was a comparatively narrow strip across the north central
states, and the amount of this specific habitat suitable to the warbler
probably was small. The few specimens taken east and west of the present
migration path sugzest the possibility of former nesting zZrouands in
Minnesota, Wisconsin and Ontario, but there is no hard evidence of any
nesting outside i{ichigan.

The nesting ground was discovered in 1903 near the AuSable River almost on
the boundary of Crawford and Oscoda counties. Ninety percent of the nests
‘found since that time have been located in the drainage of this stream
(Mayfield, 1960). Since 1903, nests have been found in the following 13
counties but not in all of them at one time (Fig. 1):

Alcona Crawford Montmorency Otsego

Alpena Josco 0zenaw Presque Isle

Clare Kalkaska Oscoda Roscommon
Wexford

In recent decades the majority of the nests have occurred in Crawford,
Oscoda and Ogemaw Counties (Fig. 2).
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Figure 2

CURRENT STATUS OF KIRTLAND'S WARBLER NESTING RANGE
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E 1975 TOWNSHIPS WHERE KIRTLAND'S WARBLER WAS KNOWN TO NEST
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In migration the bird travels a fairly direct route between its nesting and
wintering ranges, entering and leaving the continent at the coast of North
and South Carolina (Mayfield, 1960).

Until 1985 the wintering range of the Kirtland's warbler was believed to be
limited to the Bahama Islands. Between September and April the bird had
never been seen anywhere else, except for one ungorroborated sighting on the
east coast of Mexico (Lane, 1975). 1In the 1880's and 1890's specizens were
taken on nearly all the larger islands in the Bahama group, and there have
been many subsequent chance sightings by tourists. Ongoing surveys added
Grand Turk Island, South Caicos Island and Hispaniola to the lists of xnown
locations of the Kirtland's warbler. It has been extremely difficult,
nowever, to find the bird in recent years. As a result, little information
about its winterinz behavior and habitat requirements is available.
Apparently, it occupies dry, low broad-leafed scrub whici is the prevailing
vegetation type on large areas of many of the islands in that rezion
(Radabaugh, 1974; Faanes, unpublished data).

-Surveys made in the Bahawas, the adjacent Grand Turk and Caicos Islands and
Hispaniola (Dominican Repuolic) from January through April 1985, 1located a
total of 11 Kirtland's warblers. These birds were wostly found to be
associated with desert-like vegetation of deciduous sarubs. This species
may also winter in similar habitats found in nearby Cuba.

History of Organized Efforts at Manazement

The first major effort to provide breeding habitat for the Kirtland's
warbler was made in 1957. Three areas, each approximately four miles
square, were established specifically as warbler manazement units on state
forest land in Ogemaw, Crawford and Oscoda counties (Radtke and Byelich,
1963; Mayfield, 1963). Portions of two of the areas were planted with jack
pine, using a special configuration to provide openings within the stand.
The intention was to maintain these tracts in three age classes, seven years
apart, oy burning and replanting the stands when they reached an aze of 21
years., Planting of the third area in Oscoda County was held in apeyance
because pines on that area were approaching a commercially harvestaole age.
Almost one-third of this tract was burned by a wildfire in 1964.
Regzeneration which resulted because of that fire has provided nesting
habitat for the past several years.

In 1960, the Forest Service began working on a management plan for the
Kirtland's warbler. This plan was approved in 1962, and a 4,010-acre tract
was dedicated in June 1963. The plan established 12 management olocks of
about 320 acres each in the Mack Lake Area, Oscoda County. Ultimately, each
block was to be grown on a 60-year commercial rotation with five years age
difference between blocks (Mayfield, 1963).

In addition, in 1973 and 1974, the Huron National Forest cut, burned, and
planted areas near Luzerne, Oscoda County, and Tawas, Iosco County, for the
penefit of the warbler.



The 60 percent decline in nesting warblers indicated in the 1971 census
resulted in a joint meeting of the USDA-Forest Service and Michigan
Department of Natural Resources. A major result of this meeting was the
formation of a Kirtland's warbler Advisory Committee whose charge was to
outline needed habitat research, propose restrictions on huwman activity in
nestiang areas, initiate a cowbird control program, and locate funding. One
outcome of the meeting was a program begun in the spring of 1972 to reduce
cowbird parasitism by trapping and removing cowbirds from the principal
nesting areas of the Kirtland's warbler. The major agency in this effort
was the U.S. Fish and Wildlife Service. Other contributors were the
Michizan Department of Natural Resources (MDNR), Michigan Audubon Society,
and U.S. Forest Service (USFS).

Systematic cowbird trapping in 1972 was an outstanding success. Nesting
studies on selected tracts showed virtually no parasitism of warbler nests
and an unprecedented yield of young warblers per pair of adults.
Immediately, habitat improvement was initiated by the State and Forest
Service in areas outside established managzement areas.

In 1973 and 1974, the cowbird control program was expanded so that anow
virtually all nesting areas of the Kirtland's warbler receive cowbird
control. Thus, the program to increase Kirtland's warbler production by
reducing cowbird parasitism has been an unqualified success. While it has
not, as yet, caused a substantial increase in the spring population, at
least the downward slide has been checked.

Efforts on behalf of the Kirtland's waroler were gZiven a giant thrust
forward when the Endangered Species Act of 1973 becaue law (P.L. 93-205).
This Act not only officially declared the bird "endangered", it also
provided for acquisition of land to increase available habitat, funding to
carry out additional management programs, provisions for state cooperation
with the Federal Government and establishment of various lezal protections
for endangered species. While it was the most encompassing endangered
species legislation to date, previous Acts in 1966 and 1969 (P.L. 89-669 and
P.L. 91-135, respectively) had provided for some endangered species
listings, research, and habitat acquisition.

The Federal Endangered Species Act was supplemented by the Micnigan
Endangered Species Act of 1974 (P.A. 203, 1974). This act provides added
legal protection to listed species.

Rules promulgated under the Endangered Species Act of 1973 called for the
establishuent of Recovery Teams to assist the Fish and Wildlife Service in
carrying out provisions in the Act. In early 1975, a Kirtland's Warbler
Recovery Team was named by the Secretary of the Interior to guide efforts in
aidinz the warbler. As a result of efforts by the Team, a Kirtland's
Warbler Recovery Plan (Byelich, et al, 1976) was prepared outlining steps
designed to increase the species' population.



An intensive habitat management plan was developed by the USFS and MDNR to
implement the nesting habitat management phase of the Recovery Plan. In
this plan, all of the potential Kirtland's warbler nesting habitat within
the former range of this species was identified. Where feasible, this
"habitat was placed in management units where treatments were scheduled at
ten-year intervals to provide sustained nesting habitat conditions within
each unit. Work has been progressing at a rate slower than that called for
under the Plan. Problems unforeseen when the plan was drafted, such as weak
timber markets, limitation on burning, weather and equipment limitations,
nave inhibited progress.

Research to investigate post-fledging behavior and habitat use, as well as
species biology on the wintering ground, has recently been initiated. This
intensive effort is expected to provide new and important insights into
these virtually unknown facets of Kirtland's warbler biology. ’

Nesting Habitat

It became apparent to the early observers of the Kirtland's warbler that
these birds were always associated with the areas of the northern Lower’
Peninsula of Michizan commonly referred to as the "jack pine plains® or’
"barrens®. Subsequent studies of the species have shown it to have an
extremely close association with a partlcular “lite community® of the Jack
pine type.

Jack pine is found on the North American continent from the Maritime
Provinces of eastern Canada west to the upper Yukon Valley in the Northwest
Territories, and from the middle of Michigan's Lower Peninsula and ‘
mid-Wisconsin north to the continent's tree line. It is in the southern
extremity of the Jack pine range and on the driest, most rudimentary sand
soils of lower Michizan that the Kirtland's warbler has found its niche.

With one or two exceptions all nests have been found on Grayling sand soil.
This very poor soil is extremely pervious to water. Thus, in addition to
supporting the jack pine and the low, sparse ground cover required by the
oird, the capacity of Grayling sand to quickly drain during summer downpours
way be important in preventing flooding of nests set in the soil.

Grayling sand occurs in 29 counties of the Lower Peninsula, and its awount
corresponds closely .with the amount of naturally occurring jack pine in
those counties. For example, Crawford and Oscoda Counties have large
amounts of Grayling sand soil and have 95,000 acres and 90,000,
respectively, of natural jack pine forest (Zimmerman, 1956). These two
counties also presently have the greatest nuwber of nesting Kirtland's
warblers. A few have been found nesting adjacent to the Grayling sands on
Graycalm, Deer Park, Rubicon and Croswell sands. There are also records of
nesting on two isolated areas where jack and/or red pine had been planted on
severely eroded Kalkaska sands.



Althougn the reasons are not completely understood, the burning of a jack
pine site prior to its regeneration appears to be a highly significant, if
not necessary, factor for the optimal use of a stand for nesting. Buraing
may have some subtle effects on the soil and plant community that have yet
to be detected. Observations to date show tnat recent fire has been a
factor on nearly all sites where warblers have been known to nest
successfully. In recent years, Kirtland's warblers have been found nesting
in jack pine stands that were regenerated without fire. However, deansity of
nesting birds is one-half or less than found in burned habitat.

The jack pine stand is used for nesting only in a certain stage of
development. Warblers will start using a stand when the height of the tree
reaches 5 to 7 feet (or at an age of 6 to 13 years with the averaze being
'8). Stands less than 80 acres in size are seldom occupied, and nesting
success has been found to iumprove greatly where "colonies" of warblers
occupy stands 200 acres and larger.

The density of the stand is usually variable, with dense patches and
numerous swall openings interspersed throughout. Evenly spaced plantations
are used but openings appear to be important. Common associated tree
species in these jack pine stands are oaks, aspen, cherry, juneberry, and
other pines. It appears that the Kirtland's warbler will not use a stand
wnere deciduous species and jack pine approach equal density.

The zround vezetation consists of plants tnat can survive fire, drought, and
. therual extremes. These are mostly low shrubs and deep-rooted perennial
berbs. The deasity varies from sparse areas, with bare J4round exposed, to
quite dense patches of vegetation. In fact, there is usually a mosaic of
sedges, shrubs, grasses, and forbs. Warblers require ground cover to
conceal the nest site, with mixed blueberry and grass areas oeing favored
locations. However, nests are occasionally found where the ground cover is
sparse,

The Kirtland's warbler will continue to nest in jack pine stands as long as
the trees retain living branches near the ground. Depending on the density
of the trees, low branches no longer exist when jack pine reaches a height

from 16 to 20 feet (usually at age 21 in Michigan). When this occurs, tne

structure of the habitat is apparently no longer acceptable to the warbler

for nesting.



Like all forest types, there are sequential changes throughout the various
stages of these jack pine stands. Immediately after the old stand has been
removed through cutting and/or burning, those bird species adapted to open
conditions will occupy the site. Representative species include the common
nighthawk, vesper and field sparrow, prairie warbler, sharp-tailed grouse
(if in ad jacent areas), and upland sandpiper. Where there are snags to
produce cavities, the Eastern bluebird, tree swallow, northem flicker, and
other open area cavity-nesters are common. As the new stand of jack pine
takes form and the lower pine branches begin to touch, the "open™ species
decline and the "intermediate™ species move in. These include the
clay-colored sparrow, hermit thrush, and the Nashville and Kirtland's
warblers (along with other species). As the stand continues to develop, the
comnmunity changes. At about the stage where the lower branches thin out and
the warbler leaves, the stand then becomes usable by otner species such as
the spruce grouse and whip-poor-will. When the stand moves into the
"old-age" form, inhabitants include the woodpeckers, cuckoos, and other
arboreal species. Of course, the more adaptive species such as the American
robin, blue jay, black-capped chickadee, and brown thrasher will be found in
all stages of this community.

Kirtland's warblers have occasionally been found to nest in red pine
plantations. Apparently, planted red pine sometimes creates an acceptable
environnment. However, in most cases, the warblers have moved into the red
pine from an adjacent jack pine habitat. In other circumstances wnere this
species has used habitats such as red pine plantations, or on soils other
than Grayling sand, they apparently have moved from adjacent “typical"
habitats.

Winterinz Grounds and Migzration

Little is known of the wintering grounds or migration route of the '
Kirtland's warbler. Although this songbird spends approximately four months
(May-August) on the nesting range and eight months on its known wintering
range in the Bahamas, information about its wintering behavior and habitat
requirements is very scanty. It is possible that factors on the wintering
grounds at times may tend to limit the population of this species. Survival
of the Kirtland's warbler may depend upon protection of its wintering range,
as well as its nesting habitat.

The wiantering grounds of the Kirtland's waroler were known lonz before the
discovery of its nesting area. During the late 1800's a number of
collectors took specimens of the Kirtland's warbler in the Bahama Islands
(Mayfield, 1960). The first Kirtland's collected in the Bahamas was froa
Andros in 1879 (Mayfield, 1960).

Some 71 museum specimens are known to have been collected from the Bahaua
Islands. Most (66 of T1) were collected prior to 1900 from more than ten
different islands (Mayfield, 1960). Radabauzh (1974) and Walkinshaw (1983)
summarize the winter records of known collections and sightings in the
Bahamas since 1879. ~



Numerous efforts have been made to learn about the wintering habitat of tinis
species with little success. Very little is known about the ecological
changes that may have occurred in the Bahamas in the last century. Most of
the settlements are located along the shore, with very few areas developed
inland because of poor soil and lack of fresh water. Radabaugh reports that
the major land use change in the Bahamas has been the cutting of Cariboean
pine in three northern islands--Grand Bahama, Great Abaco, and Andros during
the period 1956 to 1974. Sightings of the Kirtland's among the Caribbean
pine suggzgest that some portion of the population utilizes this nabitat in
the winter. Only four islands support Caribbean pine, and extensive logging
may have an impact on the Kirtland's warbler. '

Most of the wintering records are from the scrub habitats of the
Bahamas--where Caribbean pine does not exist. Even on the "pine islands"
many of the Kirtland's collected have been in broad-leaved scrub. Some 24
specimens have been taken on islands which lack pine. Mayfield (1972b)
concludes that, "the Kirtland's warbler usually inhabits low, broad-leaved
scrub in the Bahamas ...it is significant that no one has reported them in
the high scrub or coppice, trees 15 feet or more in height, that abound in
these islands.®

During the first year (1985) of an intensive winter havitat study conducted
on a number of Caribbean Islands, eleven Kirtland's warblers were located
during the January through April period. One bird was found in Cariboean
pine while the remainder were found in dry coppice vezetation - all but one
in low coppice. Of potentially great importance is the fact that six of
these birds were located southeast of all previous signtings, considerably
expanding the known winter range of the species (Faanes, unpublished data).
It appears that the Kirtland's may utilize several habitats--includinz the
Caribbean pine ecosystem and the broad-leaf scruo areas.

The Kirtland's warbler leaves its nesting grounds in late August and early
September. The latest known Michigan record is September 29, in 1975
(Schempf, 1976), although Kirtland's are usually gone by mid-Septeuber.
Dates of fall migration records listed by Mayfield (1960:39) range from
August 28 (1902) at Oberlin, Ohio, to October 29 (1903) in South Carolina.
Fall migration sightings occur mainly in southern Ontario, Ohio, and the
South Atlantic states (Figure 3) -- the Zeneral direction of the Bahama
Islands from central Michigan (Mayfield, 1960:39-40; Walkinshaw,
1983:26-28). The earliest recorded sighting in the Bahamas was August 20,
1970 (Robertson, 1971).

Spring migration records are more numerous and scattered (Mayfield,
1960:40-42). There have been a number of spring sightings in Ottawa County,
Ohio, and at Point Pelee, Ontario, in the western Lake Erie region, but
other records, some very recent, include Minnesota, Wisconsin, northern
Illinois, Indiana, eastern Missouri, Ontario and Quebec (Walkinshaw,
1983:18-22). Observations (Walkinshaw, 1983) of unmated singing males
during 1978, 1979, and 1980 in Jackson County, Wisconsin, one in 1977 and
1978 in Renfrew County, Ontario, one in 1978 in Quebec just north of Ottawa,
and one in 1985 in southern Ontario indicate that some returning spring
migrants tend to miss the primary Michigan breeding area. This may reflect
faulty navigation, innate dispersal behavior, or. even a return to ancestral
nesting areas. The earliest arrival at the breeding Zround is May 3 with an
average arrival date of May 12 (Mayfield, 1960:42).
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Figure 3

KIRTLAND'S WARBLER MIGRATION ROUTE BETWEEN
WINTERING AND BREEDING GROUNDS
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Contributing factors to the recent Kirtland's warbler decline may be drought
and hurricanes, Heavy losses among various species of warblers occurred
during the spring migration of 1970-1971, due to drought conditions in the
Bahamas and southern Florida.

The Kirtland's migrates north and south through the hurricane zone. During
the height of migration, such storms might decimate the population, although
this is unlikely since migration extends over several weeks.

Exposure to pesticides along the migration route may occur. In the United
States spraying of southern agricultural lands is much more prevalent than
on the northern breeding zrounds (Mayfield, 1975). However, no known
ezgshell thinning has been detected or nest mortality attributed to chemical
poisoning.

Limitinz Factors

The ultimate limiting factor on the nesting population is the special
habitat required. There is persuasive evidence that the amount of such
habitat was at maximum during the brief lumbering period when forest fires
were rampant in the pinelands during the 1880's and 1890's. The Kirtland's
warbler also appears to have been at a peak at that same time. This
contention is supported by the large aumber of specimens taken on the
wintering zround during that period.

In modern times, forest fire control has reduced the total acreaze burned
and also the size of individual burns. These factors have worked to the
disadvantage of the Kirtland's warbler. Also, practices that encourage the
conversion of jack pine to other species have been detriumental.

Currently, only 4,000 to 5,000 acres are suitable for breeding birds. This
is a very substantial reduction from the 10,000 to 15,000 acres available in
the 1950's and 1960's and is probably the most important reason for the
decline in populations of the Kirtland's warbler.

A second limiting factor is parasitisa of Kirtland's warbler nests by the
orown-headed cowbird, Molothrus ater. This bird of the prairies reached the
Kirtland's warbler nesting range in the late 1800's with the clearing of the
forests and the development of agriculture in northern Michigzan. This
relatively new threat is particularly ominous because the Kirtland's warbler
has none of the defenses against cowbird parasitism wnich are exhibited by
many other songoirds. Thus, the cowbird nas found the Kirtland's warbler a
particularly vulnerable host. Walkinshaw (1972) found that 69 percent of
the Kirtland's warbler nests he examined during 1966-1971 were parasitized.
Other host species nesting in the same vicinity at that time had a far lower
parasitism rate.

Cowbird parasitism has, at times, reduced Kirtland's warbler production by
at least 40 percent and in some years has almost completely wiped out the
warbler's reproductive effort. It appears almost certain the Kirtland's
warbler population cannot endure for long under this extremely heavy burden.
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As previously indicated (page 6), removal of cowbirds from a nesting area is
beneficial to the production of young warblers in nests. Nesting studies on
selected tracts showed virtually no parasitism of warbler nests and
excellent production of young warblers per pair of adults (Shake and
Mattsson, 1975; Kelley and DeCapita, 1982; Walkinshaw, 1983).

Cowbird control by the Fish and Wildlife Service has continued each year
since 1972. About 45,000 cowbirds were removed from 1972 through 1984,
Monitoring studies of nesting birds frou 1972 through 1981 showed continuing
effectiveness in restoring the reproductive capaoility of the species to
what it must nave been before the cowbird arrived (Mayfield, 1975; Shake and
Mattsson, 1975; Walkinshaw and Faust, 1974 and 1975; Orr, 1975; Kelley and
DeCapita, 1982; Walkinshaw, 1983).

Annual censuses from 1972 through 1985 have revealed staoilization of the
breeding population at approximately 200 pairs. Without cowbird control,
the Kirtland's warbler population would siznificantly decline.

Third, althougn nesting Kirtland's warblers have been studied exteasively,
little is known of their ecology after fledzing but prior to fall

migration. Some limiting factors, such as excessive predation, may be in
effect during this period. Research efforts should be undertaken to improve
xnowledge of the immediate post fledzing period.

Fourth, there may be limiting factors, as yet unidentified, on the wintering
ground. Since 1972, about 800-900 warblers have gone south each fall, but
only about 400 have been found in the census in Michigan the next June.
This could indicate that some returning birds cannot find territories
because of limited breeding habitat. Also, this could indicate that
one-half of the fall population is lost on the winter range or during
migration, but we have no direct evidence of the cause; nor do we know if
this is an excessive overwinter mortality rate for this bird. All
nypotheses to explain the situation -- dry weather, increasing competition
for food with other species of warblers, hurricanes and development in the
Bahamas -- have not been researched to date. An immediate and intensive
effort should be made to investigate the ecology of the Kirtland's warbler
during mizration and on its winter range.
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A.

Part II
RECOVERY

RECOVERY PLAN OBJECTIVES

THE PRIMARY OBJECTIVE OF THE PLAN IS TO REESTABLISH A
SELF-SUSTAINING KIRTLAND'S WARBLER POPULATION THROUGHOUT ITS KNOWN
RANGE AT A MINIMUM LEVEL OF 1,000 PAIRS. ATTAINMENT OF THIS
OBJECTIVE WILL ALLOW THE SPECIES TO BE REMOVED FROM THE ENDANGERED
SPECIES LIST. SECONDARY OBJECTIVES, DESIGNED TO ACCOMPLISH THE
PRIMARY OBJECTIVE, ARE AS FOLLOWS:

1e Manaze 127,600 acres for the Kirtland's waroler. Encouraze
management on private lands.

2. Protect the Kirtland's warbler on its wintering grounds and
along the migration routs.

3. Reduce key factors adversely affecting reproduction and
survival of Kirtland's warbler.

y, Monitor breeding populations of the Kirtland's waroler to

evaluate responses to management practices and eanvironnental
changes.

5. Develop and implement emerzency measures to prevent
extinction.
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APPENDIX C

DESCRIPTION AND i4APS OF
ESSENTIAL HABITAT
for the
KIRTLAND'S WARBLER

DESCRIPTION OF ESSENTIAL HABITAT

The Kirtland's warbler does not adapt to a variety of eavironamental
conditions, 1Its requirements for breeding habitat are quite specific, so
exact that its numbers will probably always be limited. The essence of its
habitat is tne jack pine forest. For tnis reason, it is often called the
Jjack pine waroler. However, its habitat is more than just jack pine. The
oird requires certain exacting conditions for nesting. Almost without
exception, it is found only in exteansive, howogenous stands of young jack
pine located on some of the poorest soils in Michigan.

The plant comuunity attractive to this waroler developed in the past from
repeated and exteasive forest fires, Historically, wildfires have peen the
most important factor in the estaolishment of natural jack pine. These
fires played an iamportant role in past survival of tne warbler since, under
natural conditions, suitable naoitat was produced only oy forest fires.
With the advent of fire protection there was a drastic decline of such
suitable haoitat. Nestinz havbitat zenerally consists of younz jack pine
stands oetween 5 and 20 feet in neignt. Dense stands with the pines in
close juxtaposition yet interspersed with small openings are best, the
pattern which often results from forest fires. Such cover is not attractive
to many other species of wildlife, resulting in less competition tnan mignt
otnerwise be expected. A breeding pair of warblers requires about 30 acres
of this type for tneir nestiag territory.

The low-growing, sparse vegetation that occurs in association witn the young
"Christmas tree"-size jack pine on the relatively level sandy outwasn plains
is an iaportant coamponent of tne habitat necessary for tne warblers. The
delicate combination of conditions required exists for a relatively short
period of time, lasting only 10-15 years pefore it is no lonzer acceptabple.

Habitat for the Kirtland's warbler is considered esseatial where its
destruction, disturoance, modification, or subjection to human activity
mignt be expected to result in a furtner reduction in numbers of this
species, or in a reduction in its potential for expansion or recovery.
Essential haoitat is defined to mean areas that are presently occupied by
nesting pairs, and areas that can be expected to be utilized at some future
time. The designation of such potential nesting areas is necessary because
the birds' occupancy of any tract is temporary, exteandinz through only one
early stage of the jack pine growth cycle.
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Potential haoitat coasists of those stands of jack pine that, through
management, will provide acceptable habitat at some future date. Such
stands can be managed for eventual harvest of the timber resource, with
economical harvest at 45 - 50 years of agze. Since the warbler occupies a
tract for only about 12 years within this age span, to achieve a stable
population of 1,000 pairs will require 38,000 acres of nesting habitat at
all times. To meet an objective of a sustained supply of nestingz habitat
sufficient to support 1,000 pairs will require the designation of sone
127,500 acres as essential habitat.

The criteria used for designation of essential habitat include:
Tis Soil type - Graylinz sand and clo;ely associated soil types.
2. Forest cover currently in jac« pine and where management for Jjack
pine is feasible. Areas may contain a limited oak componéent.
Habitat with significant levels of non-characteristic vegetative

types (aspen, willow, cherry, etc.) was excluded.

3. Areas currently occupied or previously used by the species.

y, Tracts of about 320 acres or larger, preferably where five or more

of them lie within two ailes of each other. Tracts less than 320
acres, but not less than 80 acres, where they occur in close ’
proximity to the larger tracts.

5. ‘Lands preferably in public ownership (State or National Forests).

6. Limited development potential or where developmeant could oe
controlled.

7. Relatively level topography.

Essential Habitat

The attached maps show the approximate location of the essential haoitat.
Detailed maps are available and on file with the Secretary of Interior;

Director, Michigzan Department of Natural Resources; and Forest Supervisor,
Huron-Manistee National Forest.
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THE FALL MIGRATION ROUTE OF KIRTLAND’S WARBLER

MaRrYy HEIMERDINGER CLENCH

IRTLAND’S Warbler (Dendroica kirtlandii) is an exceedingly rare species
K with highly specialized habitat requirements for breeding. It has been
well studied on the breeding grounds, but is little known as a migrant or on
the wintering grounds. From time to time the species has been recorded
during spring migration when the males may sing, drawing attention to
themselves, but well documented fall migration records are exceptionally
rare. In the autumn of 1971 we had the good fortune to band a migrant
Kirtland’s in southwestern Pennsylvania. Thjs was an exciting event for
several reasons: it was the first well documented Pennsylvania record for
the species: it was the first fall banding of a migrant outside of Michigan;
and the bird was rehandled at our banding station twice after it was banded,
allowing us to make a limited analysis of habitat preference, weight change,
and correlation of its migratory behavior with weather patterns. Perhaps most
important, this Pennsylvania record may throw new light on the little known
fall migration route of the species.

THE PENNSYLVANIA RECORD

On 21 September 1971 at 10:15, Robert C. Leberman captured a Kirtland’s
Warbler in a mist net at Carnegie Museum’s Powdermill Nature Reserve,
three miles south of Rector, Westmoreland County, southwestern Pennsylvania
(40° 10" N, 79° 16" W). Realizing that this was an important record and
should have verification he telephoned Kenneth C. Parkes and the author
at the museum in Pittsburgh. We quickly gathered up study skins repre-
senting the various plumages of the species and drove to the Reserve. Upon
seeing the bird we confirmed the identification. It was an immature individual,
as indicated by the only partly pneumatized skull and heavy streaking on the
breast plumage. We could not definitely determine its sex because immature
Kirtland’s Warblers are not known to be sexually dimorphic (Van Tyne,
1953).

After identification the warbler was measured, weighed, banded, photo-
graphed, and released. Its measurements were: unflattened wing chord, 67.5
mm; tail, 55 mm; exposed culmen, 10.7 mm; tarsus, 20 mm. It weighed 14.0
grams and had a trace of visible fat in the furcular region. To document the
record color photographs were taken. Several of the pictures are now on file
at Carnegie Museum and one in black and white appeared on the cover of
the November, 1971, issue of Carnegie Magazine.

On 26 September, five days after it had been lhanded, the warbler was

417
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recaptured at Powdermill at 11:50; it weighed 14.9 g and had no visible fat
deposits. On 2 October at 17:40 it appeared again, weighing 15.8 g and
with a small amount of visible fat (index of 1 on a scale of 0-3).

When the Kirtland’s originally was netted it was found in the company
of several other parulids in a net lane cut through a dense old field hawthorn
(Crataegus spp.) —crabapple (Pyrus coronaria) thicket. The lane is located
slightly above the floor of the Ligonier Valley (elevation approximately 1,350
feet) and extends from the edge of a dirt road through the thicket for approxi-
mately 45 meters, then crosses a small open marsh and ends in another but more
open old field hawthorn-crabapple thicket. The total length of the net lane
is 120 meters. In the same general area of the Reserve 33 additional nets are
operated, but in different types of habitat: willow thickets bordering streams
and a pond; old fields in different stages of succession; second-growth forest,
etc. The 45 meter stretch of the net lane in which the Kirtland’s Warbler
was originally found is unique within the banding area in terms of density
and height of the hawthorn and crabapple trees.

When the bird was captured on 21 September it was carried to a banding
office some 250 meters from the net lane; after banding it was released near
the office. On the second capture the Kirtland’s was transported and released
near a different banding office, some 880 meters from the capture lane.
Regardless of the release site it returned both times to the same 45 meter

stretch of the same net lane, and was netted with other warbler species. The

repeated appearance of the Kirtland’s in the same hawthorn-crabapple thicket
would seem to indicate a preference of this individual for this type of habitat.
The region in and around Powdermill lacks any habitat similar to the jack
pine scrub of the Michigan breeding grounds.

The weather records during the period the Kirtland’s was at Powdermill
show an interesting correlation of wind direction with the probable migration
direction of the bird. According to the U.S. Weather Bureau at the Pittsburgh
airport (approximately 56 airmiles WNW of the Reserve) northwest winds
developed in the early evening of 20 September; during the two previous days
the winds had been from the south. The northwest winds continued until the
late afternoqn of 21 September, several hours after the warbler had been
caught and banded. For the entire eleven-day period the bird stayed at
Powdermill the winds did not come from the northwest quarter except for
very brief periods. Two days after the warbler was last handled the winds
swung around and blew from the northwest, from the evening of 4 October
until the morning of 8 October.

The Reserve banding records indicate that although the Kirtland’s remained
in the area from 21 September at least through 2 October, considerable
numbers of migrants were passing through the region during that period.



ATy Heimerdinger KIRTLAND’S WARBLER FALL MIGRATION 419
On 21 September the capture rate at the banding station was 0.91 birds per
net hour,’ with a total of 145 birds of 33 species (including 99 warblers of
16 species). In the following days through 2 October the capture rate
remained high (for the Powdermill station): 0.48 birds per net hour, with
1,146 birds banded, or 104 birds per banding day. During the same period,
21 September—2 October, in the previous five years, with more nets open for
longer periods (av. 3,062 net hours 196670 vs. 2,390 in 1971) the capture
rate was lower: 0.29 birds per net hour, or 85.6 birds per banding day.
Thus it is clear that a higher than normal amount of migratory activity
occurred at Powdermill while the Kirtland’s was present.

Yet with all this movement of other species, the warbler remained. It
apparently had a habitat preference, and 1t was gaining weight (1.8 g, an
increase of 13 percent over its original capture weight). The layover period
was a minimum of eleven days, presumably a long time for a migrant
passerine.

The most reasonable explanation for this delay is that although other
birds were actively migrating (the winds were out of the northeast quarter
for a total of six days, the southeast for one, and the southwest for four), the
Kirtland’s was waiting for a more favorable wind. It had been banded,
apparently as a new arrival, during a period of northwest winds and it
remained in the area at least until two days before the next northwest winds
began. After that second period of northwest winds the bird was not seen
again. The association of this warbler with a particular wind direction,
therefore, seems fairly clear and reasonable. Powdermill lies to the southeast
of the Michigan breeding grounds, hence a bird migrating from there on a
northwest wind might easily come down in southwestern Pennsylvania. A
second period of northwest winds would take the warbler toward the south-
eastern states, where it could then continue south to the wintering grounds
in the Bahamas.

Support for our belief that the Powdermill bird was not an “accidental”
(an individual well outside the normal migration route) comes from two
other southern Pennsylvania records. On 26 September 1972, an “adult male”
was watched for over an hour while it fed with other warbler species on
insects in “‘sweet birch” growing on abandoned strip mine spoil on a hill
above Wellersburg, Somerset County (McKenzie, 1973; in litt.). Wellersburg
is less than 45 airmiles SE of Powdermill. Mr. McKenzie saw the bird at
close range and described it well; unfortunately he was alone at the time
and did nol have a camera with him, but otherwise his is a convincing
description of a Kirtland’s Warbler. At the time he apparently was unaware
of the Powdermill banding record. An earlier sight record from Lewisville,
Chester County, in the southeastern corner of Pennsylvania, is similarly well
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Fic. 1. Fall migration records of Kirtland’s Warbler as mapped by Van Tyne. Solid

circles represent specimen records; open circles, accepted sight records; hatched area,
known breeding grounds. Redrawn from Van Tyne (1951).
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described But undocumented. The bird was in “full breeding plumage” and
recorded on 27 September 1964, by a single observer who had had previous
experience with the species on the breeding grounds (B. Hurlock, D. Cutler,
in litt.).

OTHER FALL RECORDS

What little is known about the fall migration route of Kirtland’s Warbler
was first summarized by Van Tyne (1951). Van Tyne also was almost entirely
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TaBLE 1
Fart MicraTiON ReCORDs oF KIRTLAND’S WARBLER®
Locality Date Type . Reference
Ontario
Point Pelee 2 Oct. 1915 Specimen Mayfield, 1960
Michigan )
Bloomfield Hills 24 Sept. 1965 Banding W. P. Nickell, AFN**,
20:52
Ohio
Bowling Green 28 Sept. 1969 Sight V. B. Platt, in litt.
* to Mayfield
Buckeye Lake Sept. 1928 Sight M. B. Trautman, in litt.
to Clench
Cleveland 14 Oct. 1886 “Specimen” Davies, 1906
Cleveland 25 Oct. 1969 Sight J. N. Henderson, in litt.
(Hudson) to Mayfield
Columbus 11 Sept. 1925 Sight Thomas, 1926
(Alum Creek)
Ironton 28 Aug. 1902 Sight Jones, 1903
Toledo 22 Sept. 1929 Sight Mayfield, 1960
Pennsylvania
Lewisville 27 Sept. 1964 Sight B. Hurlock, AFN, 19:24
Rector 21 Sept.-2 Oct. 1971 Banding This paper
Wellersburg 26 Sept. 1972 Sight McKenzie, 1973
Virginia ;
Fort Meyer 25 Sept., 2 Oct. 1887 Specimen, Smith & Palmer, 1888
(Arlington) " sight
North Carolina
Rocky Mount 2-23 Sept. 193641  Sight Mayfield, 1960
(3 dates)
South Carolina
Chester 11 Oct. 1888 Specimen  Loomis, 1889
Christ Church Parish 4 Oct. 1910 Sight Wayne, 1911
(nr. Charleston)
Mt. Pleasant 29 Oct. 1903 Specimen Wayne, 1904
(nr. Charleston)
Florida
E. Goose Creck (20 9 Sept. 1919 Sight Mayfield, 1960
mi. W. St. Marks)
Miami 21 Sept. 1958 Sight R. L. Cunningham & A.
Schaffner, AFN, 13:24
West Palm Beach 2-3 Nov. 1961 Sight V. I. Carmer, AFN, 16:24
Alabama
Jacksonville 5 Oct. 1966 Sight W. I. Calvert, AFN, 22:53

* Accepted by Van Tyne (1951) and in the present paper
** AFN = Audubon Field Notes
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Fic. 2. Accepted fall migration records through 1972. Conventions as in Fig. 1

(banding records also shown as solid circles).

responsible. (Mayfield, in litt.) for the section on fall migration records in
Mayfield’s excellent monograph on the species (1960). In both publications
the same map (Fig. 1) was used to illustrate the accepted fall migration
records. The later publication also includes a list of localities and dates for
each record. In comparing the list of records with the map I found several
puzzling discrepancies: four of the listed records are not spotted on the map
and three of the map spots are not listed. I then wrote to Dr. Mayfield and
he kindly sent me all of his and Van Tyne’s notes and correspondence on the
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fall migration records. In addition to studying this material, I have also
searched the literature through 1972 in an effort to gather together all the
records, substantiated or otherwise, for analysis.

I found that the Van Tyne map is actually missing only two records that
he accepted: one for a specimen from Cleveland, Ohio in 1886, and one for
three sight records at Rocky Mount, North Carolina from 1936 through 1941.
The third, apparently missing, record was erroneously listed as Oberlin, Ohio
but correctly spotted on the map at Ironton on the Ohio River. The fourth,
a sight record from the Charleston, South Carolina area, could have been
omitted because of the specimen already marked for that locality on the map.
The unlisted map spots are both valid records: one a sight record from
Columbus (Alum Creek), Ohio in 1925 and the other a specimen taken in
interior South Carolina (Chester) in 1888. All these previously accepted
records and others made in recent years are detailed in Table 1 and mapped
in Figure 2.

The following sight records (listed alphabetically by states) known or
suspected to have been rejected by Van Tyne and/or rejected by me have not
been included in Table 1. Arkansas: Arkansas County, 23-28 Sept. 1936
(Baerg, 1951); Harrisburg, 11 Sept. 1972 (in litt. to Mayfield). Florida:
Fort Pjerce, 1 Nov. 1918 (Sprunt, 1954); Chokoloskee, 11 Oct. 1915
(Sprunt, 1954) ; Pensacola, 26 Nov. 1953 (Sprunt, 1954); Princeton, 25
Oct. 1915 (Sprunt, 1954). Georgia: Savannah, 27 Aug. 1909 (Burleigh,
1958). Kentucky: Bowling Green, 28 Sept. pre-1922 (rejected by Mengel,
1965). Missouri: Weldon Springs, 29 Sept. 1950 (in litt. to Van Tyne).
Ohio: Canton, 2 Sept. 1939 and 9 Sept. 1939 (in litt. to Van Tyne) ; Cleveland,
eight dates between 2 Sept. and 7 Oct. 193446 (Williams, 1950) ; Zanesville
(Dillon Dam), 3 Sept. 1962 (Hurley, 1963). South Carolina: Eastover, 14
Oct. 1949 and 1 Sept. 1951 (in litt. to Van Tyne). Virginia: Bristol, a speci-
men supposedly collected sometime in the fall, no date specified (Jones, 1931).
A few other records in the Van Tyne correspondence are too inexact or
fragmentary to identify. I have listed these rejected records so future
workers will know which of the records have already been taken into con-
sideration.

DISCUSSION

In assembling all the known fall migration records for Kirtland’s Warbler
I have found only two that were, to my mind, completely satisfactory indicators
of the route the species is presently taking. These two records are the 1971
Powdermill banding and an individual banded by Walter Nickell at Bloom-
field Hills, Michigan, in 1965. Most of the others are sight records, and
although undoubtedly many are valid they are nevertheless subject to the
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Fic. 3. Accepted fall migration records made before 1935. Conventions as in Fig. 1.

doubts that may be applied to any sight record. Specimen records are few,
only five, and all over 50 years old: three from 1886 to 1888, one in.1903,
and one in 1915. Of course in recent years, because of the species’ low
populations and official endangered status, it has been unwise or illegal to
collect any birds that otherwise might have been secured for unquestioned
records.

The greatest problem with the older records is that Kirtland’s Warbler
apparently has undergone striking changes in population and range size within
the last 100 years. It is believed that the species enjoyed an expanded range
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Fic. 4. Accepted fall migration records made after 1935. Conventions as in Fig. 1.

and population between 1885 and 1900. Mayfield (1960:41; legend to Iig.
5 adapted from Van Tyne, 1951) points out some of the spring migration
records between 1885 and 1900 that are well “outside the normal migration
route . . . when these birds are believed to have been more numerous than
before or since.” Van Tyne (1951:542) in the legend to the same map states
“The dated records, occurring from 1885 to 1900, are those of birds which
seem to have been en route to some nesting ground other than that now
known.” In addition, the population may have suffered a serious decline after

about 1934 (Milton Trautman, in litt.; Mayfield, 1960:40) from which it
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eventually at least partially recovered only to show another marked population
loss in the last decade (Mayfield, 1972). All of this means that when
considering fall migration records, one must take into account when the
records were made and the probable state of the species’ population at the
time. Certainly the very early records, before 1900, must be considered as
coming from a period of relative abundance and possibly representing
migration routes that are no longer in use.

To see if any differences were apparent between earlier records and those
made in recent years, I mapped the records made before and after 1935 (Figs.
3 and 4). As might be expected, the pre-1935 map is similar to Van Tyne’s,
and indicates a relatively straight-line, SSE route between the breeding and
wintering grounds. The more recent records, however, suggest a more directly
eastward route from Michigan, across northern Ohio and southern Pennsyl-
vania (crossing the Appalachians at a relatively low point) and then perhaps
following the Piedmont or the inner coastal plain to the southeast coast before
the over-water flight to the Bahamas. I doubt that the species reaches the
coast north of South Carolina. The evidence for this belief is negative: no
Kirtland’s Warbler has even been seen on the coast north of the Charleston
region. With the many hundreds of thousands of fall migrants that have been
banded in recent years by coastal stations from New Jersey to Virginia, and
with the many bird watchers that frequent the middle Atlantic coast during
autumn, if the species did occur there with any regularity, it probably would
have been recorded at least once. One might also reasonably suppose that the
“Jack Pine Warbler” would find the extensive pinelands of the Piedmont
and inner coastal plain attractive habitat.

It is also possible (Fig. 2) that some individuals may travel from Michigan
via the western side of the mountains. A few accepted sight records indicate
this route, and a number of the rejected records are also from this western
area. It is not possible to say which of these unsubstantiated records may
actually be valid, but by their very numbers I suspect that at least a few of
them may be true sightings.

The direct route, SSE, crossing the Appalachians in Kentucky, Virginia,
Tennessee, or the Carolinas, may also be used as suggested by the records in
Fig. 3. We'have no knowledge of whether mountains such as those in the
southern Appalachians are sufficiently high to deflect this species on migration.
Perhaps these mountains are not a serious barrier to a migrating warbler,
yet none of the existing records come from within the southern mountains.
The Chester, South Carolina, specimen is not, as it might first appear, from
the mountains, but from well within the Piedmont. This specimen was also
collected after a heavy gale and the bird might have been blown into the
locality from elsewhere. The only montane records of the species, therefore,
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are both from southwestern Pennsylvania: the 1971 Powdermill banding and
the 1972 Wellersburg sight record.

Hopefully field observers and banders from Ohio and Pennsylvania south,
and especially those working in the southern mountains and Piedmont, will
keep these possible additional migration routes in mind and be on the lookout
for the species in the fall. Rare as Kirtland’s Warblers now are (only about
9200 pairs in the 1971 census) they still must pass through the eastern U.S.
twice a year and, with luck, can be recorded.

This, then, is the existing evidence on the fall migration route of Klrtland s
Warbler: a very sparse record consisting of 21 localities, only seven of which
are adequately documented. Of these seven, five are specimens collected
between 1886 and 1915, a period when the species is believed to have been
more numerous and with a larger breeding range than is now the case;
and two are bandings, both within the last decade and the only completely
satisfactory modern records. The remainder are sight records which, although
apparently valid, are still sight records and thus open to question. Since Van
Tyne’s compilation, however, nine records have been added to the twelve
earlier ones, and the resulting picture is no longer of a straight-line, SSE
route leading directly from Michigan to the Bahamas. The evidence is still
too sparse to allow a definite statement on the present (or past) fall migration
route of the species. It is fairly clear, however, that not all birds now follow
the route suggested by the Van Tyne map. It is also probable that several
routes are (or have been) used, either by different segments of the population,
by different age or sex classes, or in response to varying weather conditions.
How or when these various routes may be used cannot be explained by the
present data. One might also hazard the (perhaps overly optimistic) guess
that Kirtland’s Warbler may have breeding grounds in addition to those known
in Michigan, and thus in the fall is coming from regions we know nothing
about.
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KIRTLAND'S WARBLERS ON THEIR WINTERING GROUNDS
IN THE BAHAMA ARCHIPELAGO--A PRELIMINARY REPORT

Paul W. Sykes, Jr.

U.S. Fish & Wildlife Service
Patuxent Wildlife Research Center
School of Forest Resources
The University of Georgia

thens, GA 30602

Surveys for the Kirtland's warbler (Dendroica kirtlandii) were
conducted on 15 islands in the Bahama Archipelago in 1985 and 1986, and
at least 6 individuals were located. Emphasis in 1986 concentrated on
the island of Eleuthera to examine habitat, foraging strategies, food
habits, and site tenacity. The species spends approximately 44% of the
year on the wintering grounds throughout the archipelago. The warblers
(N=149 records, 1878-1988) used 5 biotic communities, but appeared to
favor second growth coppice 3-10 feet in height, or low virgin scrub on
the more arid southern islands. Individuals {(N=2) foraged over an area
of approximately 15 acres and exhibited strong site tenacity.

A survey of Eleuthera revealed that at least 2% (4 square miles) of
the island's uplands had high potential as winter habitat for Kirtland's
warbler. If this percentage is extrapolated to the archipelago as a
whole, there is a minimum of 112 square miles of available winter
habitat. In reality, however, available winter habitat probably greatly
exceeds this speculative figure.

Foraging behavior of two individuals studied consisted of 75%
gleaning, 13% probing, 7% hover-gleaning, and 5% other foraging
techniques and took place from the ground up to 12 feet. Food items
(N=448 observations of 2 individuals) consisted of 59% small fruits (83%
of which were of a single species), 20% arthropods, 1% seeds, and 20%
undetermined. Based upon this limited work in the islands and
preliminary results of banding returns in Michigan, the factor or
factors suppressing the Kirtland's warbler population do not appear to
be on the wintering grounds.
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KIRTLAND’S WARBLERS ON THE NESTING
“GROUNDS DURING THE
- POST-BREEDING PERIOD

PAuL W. SYKES, JR.,! CAMERON B. KEPLER,! DAVID A. JETT,!
AND MICHAEL E. DECAPITA?

ABSTRACT. — Eighty-four Kirtland’s Warblers (Dendroica kirtlandii) were caught 122 times
during 8809 net-h at five study areas on the breeding grounds in northern lower peninsular
Michigan during the post-breeding seasons (16 August-30 September) from 1984-1987.
This more than quadruples the known number of post-breeding season records for the species
at the nesting colonies. Combined with older records within and south of the breeding
grounds, this information indicates that a substantial number of breeding birds remain in
Michigan through September, and a few individuals probably remain into early October.
Mean capture rate per 100 net-h was 1.4 warblers at the principal study area for the post-
breeding period. Males were captured more frequently than females. Most hatching year
(HY) birds had completed Prebasic I Molt by the end of August whereas Basic Molt occurred
throughout the 16 August—30 September study period in after hatching year (AHY) birds.
Subcutaneous fat deposition was low for both sexes in the two age classes prior to migration.
Migration apparently consists of two waves—an early departure (mid-August to early-Sep-
tember) of HY birds, and late departure (late September) of AHYs. These late-season birds
may face some man-induced stresses after the traditional 1 May-15 August breeding area
closure. An extension of the closure through mid-September is recommended. Received 12
Jan. 1989, accepted 20 Feb. 1989.

Because the endangered Kirtland’s Warbler (Dendroica kirtlandii) breeds
within a highly restricted range centered in a six-county region in northern
lower peninsular Michigan (Walkinshaw 1983), great care has been taken
to protect the bird and its habitat during the period it remains in the state.
The Kirtland’s Warbler Recovery Team (Byelich et al. 1976, 1985) stressed
the need to restrict human use of all state and federal forest lands used
by the warbler for nesting (95-97% of current nesting areas; Ryel 1984,
Weise 1987) from 1 May to 15 August each year, embracing the mid-
May to mid-July nesting period (Mayfield 1960). These closure dates
include time before and after the known nesting period to buffer the birds
from undue stresses which might affect survival. The original recovery
plan further indicated that a review of “all land use plans™ should be
made “in order to avoid conflicts which may be detrimental to the birds”
(Byelich et al. 1976, p. 25).

' U.S. Fish and Wildlife Service, Patuxent Wildlife Research Center, Southeast Research Group, School
of Forest Resources, The Univ. Georgia, Athens, Georgia 30602.

2U.S. Fish and Wildlife Service, Manly Miles Building, 1405 South Harrison Road, East Lansing,
Michigan 48823. .
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Biologists working with Kirtland’s Warblers have concentrated their
efforts during the breeding period, when adult males are highly vocal and
conspicuous and nests are easily found. By mid-July most singing has
ceased, most chicks have fledged, and the birds become more cryptic ir_l
plumage and behavior, requiring increased effort to find them (Mayfield
1960, Walkinshaw 1983). By August, the first Kirtland’s Warblers have
returned to the Bahamas (Hundley 1967, Wallace 1968, Robertson 1971).
It has been widely assumed that most of the warblers leave the nesting
areas in August (Mayfield 1960; Walkinshaw 1983; Byelich et al. 1976,
1985), as relatively few published records exist (11 for the second half of
August and 13 for all of September); only one record is later than 1933
(Table 1).

In 1984 we began banding Kirtland’s Warblers in the post-breeding
season. We were initially surprised to capture five birds in September in
a modest banding effort. Since the presence of large numbers of Kirtland’s
Warblers on the breeding grounds during the post-breeding season would
alter our understanding of their post-breeding and migratory behavior,
and also have major implications for their management, we decided to
obtain information on the numbers, age, sex, and locations of these late-
summer early-fall birds.

STUDY AREAS AND METHODS

Study areas in 1984 were east of Grayling in Crawford County, Michigan, and included:
(1) “Bald Hill” (Sect. 20, T-27-N, R-1-W) north of North Down River Road, two net sites,
23 nets; and (2) “Bucks Crossing” (Sect. 8 and 9, T-27-N, R-2-W) along Lewiston grade on
Camp Grayling Artillery Range (Michigan National Guard), three net sites, 39 nets. Study
areas in 1986 included: (1) ““Bald Hill,” four net sites, 48 nets; and (2) “McKinley” (Oscoda
County, Sect. 10, T-26-N, R-4-E); 2 net sites, 14 nets. Study areas in 1987 were in the
vicinity of Grayling and Mio and included: (1) “Bald Hill,” six net sites, 91 nets; (2) “Muskrat
Lake” (Oscoda County, Sect. 13, T-27-N, R-1-E) north of County Road 608, three net sites,
26 nets; and (3) “Mack Lake” (Oscoda County, Sect. 21 and 22, T-25-N, R-3-E) west and
east of U.S. Forest Service Road 4147 in the southcentral part of the 1980 Mack Lake Burn
(Simard et al. 1983) on the Huron National Forest, two net sites, 27 nets. When a study
area was used for more than one field season (Bald Hill) the same net sites and net lanes
were used each year, with new net sites and lanes being added as needed.

Netting operations were conducted from 8 August—6 September 1984, 13 August-13
September 1986, and 1 July-29 September 1987. The post-breeding period in this paper
refers to 16 August to 30 September. This 46-day period has been subdivided into three
intervals for analysis; 16-31 August, 1-15 September, and 16-30 September. Birds were
captured with black nylon ATX 4-shelf, 12 x 2.6-m tethered mist nets with 36-mm mesh
stretched between two 3-m-high pieces of galvanized electrical thin-walled conduit. Each
net had its own set of support poles. Net configurations, conforming to vegetative cover
and topography, consisted of single nets, nets end to end in line, and in T and L configurations,
right angle crosses, etc.

Netting was generally conducted during the morning, as winds and/or high temperatures
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made afternoon or early evening netting impractical on most days. No netting was attempted
during rainy weather. We generally did not operate the same net sites on consecutive days
in an attempt to prevent birds from acclimating to the nets. Nets were checked and birds
removed every 15-30 min. All Kirtland’s Warblers were released at the same net where
captured after being banded, aged (adult = after hatching year— AHY; immature = hatching
year—HY), sexed, and checked for molt. Birds were checked for subcutaneous fat using the
system developed by Helms and Drury (1960) with the following fat classes: 0 = no fat, 1
= trace of fat in furculum, 2 = furculum lined with thin layer of fat, 3 = Y to % furculum
full of fat, 4 = furculum full of fat but not bulging, 5 = furculum bulging and fat along sides,
etc. If an individual was captured more than once, fat class for the latest date captured was’
the value used in this paper. Handling of the warblers was completed as quickly as possible.
Birds were transported and held in soft white open mesh nylon delicate-fabric laundry bags
(36 x 45 cm with 4 x 4 mm mesh) with zippers across one end. All birds were uniquely
color banded, two bands per leg, with red, light green, light blue, or yellow plastic butt-end
size 1 bands bonded with a drop of acetone in combination with a size 1 U.S. Fish and
Wildlife Service band.

The sex and age ratios, and proportion of birds with fat were compared using contingency
table analyses. Capture rates were assumed to follow a Poisson process and were compared
among time periods using the normal approximation of Cox and Lewis (1978).

RESULTS

During the post-breeding season, 84 different Kirtland’s Warblers were
caught 122 times. Twenty-five of these birds were recaptured a total of
38 times. Each bird was tallied only once in each of the three time intervals
used in our analysis, even if caught more frequently. This resulted in the
addition of 23 recaptures to our data set (Table 2). These 107 records are
comprised of 57 males, 39 females, and 11 sex-undetermined HY birds.

There was a continuing drop in the number of individuals of both age
classes (HY = 38 to 0 and AHY = 25 to 11) from late August to late
September, with a significantly greater decrease (x> = 13.65, P < 0.0002,
df = 1) for HYs than for AHYs during this period (Table 2). HY birds
made up 49% (N = 52) of the total captures (includes recaptures) through-
out the post-breeding season. HY birds constituted a majority (60%, N
= 38) of birds netted during 16-31 August, decreasing to 42% (N = 14)
from 1-15 September, and strikingly, to 0% from 16-30 September.

The netting effort (8809 net-h for the five study areas) is summarized
in Table 3. Our effort increased each year of the study. Only at Bald Hill
(with 76% of the total net-h) did we net in all three years; all other areas
were netted during one year. Mean capture rate per 100 net-h at Bald Hill
for the 16 August-30 September period was 1.4 (Table 4). This rate was
variable from year to year with 3.7, 2.2, and 1.0 birds for 1984, 1986,
and 1987, respectively. The annual decline of capture rate over the years
at Bald Hill reflects an annual increase in our banding effort later in the
season combined with coverage in more marginal sites in an attempt to
capture dispersing birds.



TABLE 1

PUBLISHED RECORDS OF KIRTLAND’S WARBLERS ON THE BREEDING GROUNDS AFTER MID-AUGUST

Date Locality Age* Sex® Type of record" Collector or observer Reference®
20 Aug 1903  Near junction of N. Branch Au U U Sighting J. A. Parmalee  Wood and Frothingham 1905
Sable with Au Sable Riv., Craw-
ford County
20 Aug 1933  Red Oak, Oscoda County U M Specimen UMMZ 97791 A. D. Tinker Wood 1951
25 Aug 1904  Roscommon County U M Sighting — Frothingham 1906
26 Aug 1933  SE of Lovells, Crawford County U M Specimen UMMZ 72366 A. D. Tinker Wood 1951
26 Aug 1933  SE of Lovells, Crawford County U M Specimen UMMZ 155,431 A. D. Tinker Wood 1951
27 Aug 1915  Near Luzerne, Oscoda County A M Specimen UMMZ 125,703 M. M. Peet Wood 1951
30