AUTUMN MIGRATION OF THE BLACKPOLL WARBLER:
EVIDENCE FOR LONG FLIGHT PROVIDED
BY REGIONAL SURVEY*

By Ian C. T. NIsBET

The long migrations of the Blackpoll Warbler (Dendroica striata)
have been discussed extensively. The species breeds farther to the
north and west and winters farther to the south and east than most
other North American warblers (Fig. 3); on autumn migration it
is found in large numbers along the Atlantic seaboard of North
America. Cooke (1904, 1915) suggested that all birds of the species
migrate SSW down the Atlantic Coast to the southeastern United
States, before turning southeast towards their winter range. This
hypothesis has been restated and mapped by Murray (1965, 1966a).
On the other hand, Nisbet et al. (1963) suggested that many birds
which stop over in southern New England migrate SSE from there
across the Atlantic Ocean towards their wintering range. If con-
firmed, their long flight is of considerable importance for physio-
logical, aerodynamic and navigational theories (Nisbet et al. 1963,
Nisbet 1967, Griffin 1969). This paper attempts to resolve the
question by surveying the abundance of Blackpoll Warblers on
autumn migration throughout North America south of the breed-
ing range.

Quantitative comparisons between regions in this paper are
based mainly on two sources of numerical data: (a) collections of
birds killed in accidents during nocturnal migration, and (b)
systematic sampling by mist-nets at banding stations. For the
critical area of the southeastern United States, I have also made a
detailed survey of published and unpublished data on local oceur-
rence of grounded migrants. The relative merits of these sources
of data will be discussed at the end of the paper.

Data collected for this paper are for autumn migration only and
are as complete as possible through the 1968 season. With one
exception (the Virginia banding data included in Tables 3 and 4)
I have not attempted to incorporate data for 1969,

NOCTURNAL ACCIDENTS

A large number of descriptions have been published of accidents
in which large or small numbers of birds have been killed while
migrating at night (see the Special Bibliography, where references
are numbered for citation in this section). In North America most
such accidents took place at lighthouses before 1930, at tall build-
ings or bridges between 1930 and 1948, at airport ceilometers
between 1948 and 1956, and at television towers since 1956. Now-
adays television towers cause the most mortality, which is in-

*Contribution No. 79 from the Hatheway School of Conservation Iiducation,
Massachusetts Audubon Society, Lincoln, Massachusetts 01773,
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creasing as more and higher towers are being built. Mortality at
ceilometers decreased abruptly after the general installation of
optical filters during the 1950’s; mortality at lighthouses and tall
buildings continues to be reported from some areas (166,187): its
apparent decline in the last 50 years is probably real, but must
also reflect in part a decline in the attention paid to it.

Ornithologists have long recognized the unique opportunities
provided by these incidents to obtain and study large samples of
migrants ‘“‘snatched from the sky.” A large number of these inci-
dents have been thoroughly investigated; many detailed lists of
species and numbers have been published, and others have been
kept in unpublished form. This paper is one of the first to use this
material in a quantitative survey.

An index of relative abundance.

The numbers of birds killed and reported vary greatly from
place to place, and from state to state. These variations, however,
are due primarily to local conditions such as the height of television
towers and the presence of ornithologists: they do not necessarily
indicate variations in the density of migration. In order to make
comparisons between regions, I use as an index of abundance the
proportion of Blackpoll Warblers among the total number of warblers
(Parulidae) killed and identified in each region. In so doing, I
assume that inter-regional differences in the index are primarily
due to inter-regional differences in the abundance of migrating
Blackpoll Warblers.

For this assumption to be valid, inter-regional differences in the
abundance of other warblers (considered together) must be rela-
tively small. In fact, observations by radar (Nisbet and Drury
1967, Graber 1968) and moon-watching (Lowery and Newman 1966)
have consistently indicated that migration of small passerines
takes place rather uniformly over a broad front throughout eastern
North America, except over projecting parts of the Atlantic Coast.
These observations presumably apply par: passu to warblers,
which comprise a large fraction of the passerines which migrate at
the season concerned (Nisbet 1963, Mueller and Berger 1967).
The most extensive observations are those of Newman and Lowery
(1964) which, despite large fluctuations in migration traffic rates
from night to night, indicated similar average densities in different
regions. The most general regional trend in migration density is
expected to be an increase from north to south, as locally breeding
birds join the southward flights. However, the data discussed in
the Appendix indicate that this inerease is not large, and is at
least partly offset by east-west movements of northern species.

Other biases in the index.

The index of abundance is subject to several other types of bias:

1. Some warbler species may be more susceptible to the factors
which lead to the accidents than others: this would lead to bias if
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the susceptible species were unequally distributed. However,
Graber (1968) demonstrated a good correlation between the fre-
quencies of different warbler species in television tower samples
and in counts of grounded migrants, especially when allowance
was made for interspecific differences in conspicuousness. Data
collected in this study further show a good correlation (0.5 <
r < 0.7) between the relative frequencies of various warblers in
television tower samples and in samples of banded birds in Wis-
consin, Ontario and Maryland. The only conspicuous exception
in all these comparisons is the under-representation of the Myrtle
Warbler (D. coronata) in the television tower samples; this may be
associated with its late migration (see next paragraph). The
relative proportions of different species of warblers in samples from
lighthouses, television towers and ceilometers are similar where
sufficiently large samples are available from the same regions
(12, 13, 187; 44; 66, 67; Buskirk 1968).

2. The great majority of reported accidents for all species fall
into limited periods of the autumn: late August to mid-September
in western Canada, throughout September in the Great Lakes
area, mid-September to mid-October in the northeastern United
States, late September to late October in the southeastern United
States. Earlier and later migrants appear to be under-represented,
except perhaps at places where they are systematically searched
for (137, 138, 187). However, these periods coincide exactly with
the migration period of the Blackpoll Warbler (Table 4), so that
little bias is likely in this survey.

3. In a few cases collectors faced with large numbers of dead
birds have selected a small sample of each species, or have searched
for rarities. However, these cases have been too infrequent to
bias significantly the regional averages used in this paper: nearly
all published lists have been based on either complete collections
or random samples.

4. Errors in identification are known or suspected in a number
of cases, especially among the older records. Prior to 1934 there
appears to have been confusion between the Blackpoll and the
Bay-breasted Warbler (D. castanea) in the southeastern states
(see later); in other areas (notably Maine and Bermuda) there
appears formerly to have been confusion between the Blackpoll
and the Pine Warbler (D. prnus). Two cases in which doubtful
records comprise a significant proportion of the state totals (Georgia
and Florida) will be discussed later. Otherwise errors in identi-
fication are unlikely to have had a significant effect on regional
averages: in particular, most recent records of Blackpoll Warblers
in areas where the species is rare have been confirmed by reliable
ornithologists.

Sampling errors.

The overall effect of the biases considered above is believed to
be small: the most important limitation of the data is probably
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Fig. 1. Percentage frequency of Blackpoll Warblers among warblers killed in
nocturnal accidents.
For sample sizes and other information see Table 1.
Data were not collected for states and provinces west of the heavy line.
Letters denote the banding stations listed in Table 3.

sampling error, arising from small samples in many areas and year-
to-year variations in numbers of the species. If sampling errors were
an overwhelming limitation of the data, they would obscure
altogether any spatial patterns in the occurrence of the species.
In fact, however, very marked spatial patterns can be observed
(Table 1). The consistency of these patterns suggests that any
regional average based on a collection of 20 or more Blackpoll
Warblers is statistically reliable within a factor of 2 or 3; such
errors would be much smaller than the regional differences in the
relative abundance of the Blackpoll Warbler, which are of the
order of 10 to 1000, or even 10,000 (Table 1).

Regional differences in abundance.

Data have been obtained from about 135 different places in 33
states and provinces from Saskatchewan, the Dakotas, Kansas
and Mississippi eastwards. The total number of birds killed in the
reported incidents is not known, but well over 200,000 have been
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examined and identified; of these about 140,000 were warblers
and 7,310 (5.29,) were Blackpoll Warblers. Table 1 summarizes
the data by states and provinces; a complete tabulation has been
deposited at the Patuxent Wildlife Research Center.

The records fall into very marked patterns of regional abundance
(see Fig. 1). In Saskatchewan, Manitoba, and throughout the
Great Lakes states, the Blackpoll Warbler is relatively common,
comprising some 5-139; of the warblers in most samples. It is
more common towards the east, in Michigan (249,), northern
Indiana (369 of a small sample) and West Virginia (the commonest
warbler in several samples, not all fully reported), but not out-
standingly common in Ontario or up-state New York (109, in a
large sample). To the south and west it becomes abruptly rare,
comprising only 1.5%, of a varied sample in Illinois, 0.39 in western
Minnesota, and 0.8%, in southern Indiana, completely lacking in
Kansas, Kentucky, Mississippi, and Alabama, and extremely rare
in Tennessee (0.139,) and northwest Florida (0.029). The tran-
sition between abundance and rarity occurs in less than 150 km,
the boundary line passing between Dayton, Ohio, and Louisville,
Kentucky (156,184), and between Eau Claire, Wisconsin, and
Lewisville, Minnesota (72,73).

On the Atlantic seaboard the Blackpoll Warbler is by far the
most ecommon warbler in large samples from Long Island and
Maine, and is consistently the most numerous species in smaller
samples from Massachusetts, New Hampshire, New Brunswick, and
Nova Scotia. In the area from Long Island to Nova Scotia it
comprises, on average, about 409, of all warblers, the highest
ratio of any region on the continent. Southwards the proportion
of Blackpoll Warblers decreases rapidly: 69, of 622 warblers in
New York City and Newark, 49, of 604 in Philadelphia, 0.8%, of
2424 in Baltimore, 1.19, of 1234 in Washington, 0.219, of 1895 in
North Carolina and 0.109, of 4989 in South Carolina. The pro-
portion inereases again in Georgia (0.829, of 4615), and in Florida
(4.29, of 18,348) where most of the birds were killed in two inci-
dents (to be discussed later).

OCCURRENCE AT BANDING STATIONS

This section analyzes the occurrence of Blackpoll Warblers in
samples of warblers caught at banding stations. Most of the regu-
larly-manned stations are in the Great Lakes and northern Atlantic
coastal states, where Table 1 indicates that the species is generally
numerous. Accordingly, this section analyzes: (1) regional dif-
ferences within these areas; (2) seasonal patterns of frequency;
(3) differences between coastal and inland stations.

The analysis is based primarily on records gathered during the
“Operation Recovery” program, launched in 1957 to study autumn
migration along the Atlantic Coast. Reports on the first two years
of the program have been published (Baird et al. 1958, 1959);
results of subsequent years’ work are filed at the Patuxent Wild-
life Research Center. After 1958 participants were encouraged to
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set up permanent stations on the coast and to operate them daily
for long periods. Less successful attempts were also made to en-
courage systematic banding at inland stations. In the 12 years of
the program about 750,000 birds have been banded at 100 stations
(C. S. Robbins in lit.); including some large independent stations
inland, data are available for more than one million banded birds.

In a preliminary screening of the data I examined records from
all stations operated on a daily or near-daily basis from mid-
September to mid-October in one or more years. Because the
pattern of occurrence varied markedly from year to year (Table 2)
I selected only those stations manned during at least five different
vears. Among the coastal stations, I then selected the most fully
manned in each state, discarding two from Maine, one from Rhode
Island, two from Long Island, and one from New Jersey. I use
data from seven coastal stations, three stations less than 150 km
from the coast, and four far inland (Table 3).

Table 2 illustrates how the data were extracted for one typical
station—Ocean City, Maryland. The first three lines list for each
year the total number of net-hours, number of Blackpoll Warblers
banded, and the average number banded per 1000 net-hours.
Although there are several reasons why this average netting-rate is
not an exact measure of abundance, it i1s probably the best index for
comparison of abundances between years at the same station
(Robbins 1968). It may not be a good index of differences in
abundance between stations, because netting-rates are affected
also by loeal factors such as the structure of vegetation and choice
of net-sites.

The next two lines list the number of other warblers banded and
the percentage of Blackpolls among the warblers (in making the
calculation, Myrtle Warblers were excluded because many stations
close before the peak passage-period of this late migrant). This
percentage is probably the best index for comparison of abundances
at different stations in the same year; it may not be a good index of
differences between years, because the relative abundance of other
species may vary also. The next line lists the percentage of the
season’s total banded in the four best days for the species: this
provides an index of the degree of concentration of the banding
records into ‘“‘waves.”

The remainder of the table analyzes variations in the seasonal
pattern of occurrence. Data for 1957-59 were not used because
the station closed before 3 October in those years (incomplete
data from 1960-62 were admitted, but their exclusion yields sta-
tistically indistinguishable results). For the remaining seasons,
the banding totals were grouped in five-day periods as shown,
corrected for differences in netting-effort if the number of net-
hours per five-day period differed by more than 209, from the
mean for the year, and scaled so that the peak period in each year
was assigned the figure 100. The average of the scaled totals then
places equal weight on the records from each year and is listed in
the last column. Inconsistency in pattern from year to year is
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indicated by the occurrence of seasonal peaks in four different
five-day periods (indicated in boldface in the last column), and by
the fact that the largest weighted average for any five-day period
was only 68. The next lines give the median date of the banded
sample in each year, and the first and third quartiles of the weighted
averages. The mean of the medians in the six fully covered years
(1963-68) is in good agreement with the median of the weighted
averages. The root-mean-square deviation of the annual medians
(4.6 days) is a measure of year-to-year variation in passage period.
The penultimate line gives the interval between the 5th and 95th
percentile of the banded sample in each year, a measure of the
duration of the migration period.

Tables 3 and 4 tabulate the same quantities for the other 13
regularly manned stations.

Differences between coastal and inland stations.

Tables 3 and 4 indicate some average differences between the
records of Blackpoll Warblers at coastal and inland stations. On
the average, at the inland stations:

(1) more Blackpolls are caught per 1000 net-hours;

(2) more Blackpolls are eaught per 100 warblers;

(3) the peak period varies less from year to year;

(4) the median dates of passage vary less from year to year;

(5) the migration period (5th-95th percentile) is much shorter.

However, the first four of these differences are not very clear-cut,
and only the fifth is statistically significant (p = 0.001, Mann-
Whitney U-test). One reason for the lack of consistency is that
both groups of stations are heterogeneous: that at Mount Desert,
where the records resemble those of the inland group in the above
respects, is about 12 km from the Atlantic Ocean; those at Chester-
town, Cedar Grove and Long Point, where the records resemble
those of the coastal group, are on the shores of Chesapeake Bay,
Lake Michigan and Lake Erie respectively.

There is probably also a tendency for occurrences at the inland
stations to be less concentrated into peaks, but this tendency is
obscured in Table 3 for two reasons. (1) For statistical reasons,
the measure of this tendency used in Table 3 is biased upwards in
small samples (e.g. Chestertown and Powdermill). (2) At several
coastal stations it is customary to operate fewer nets on days of
heavy falls of migrants, which de-emphasizes the numerical im-
portance of the peaks.

Other differences between coastal and inland records of Blackpoll
Warblers have been deseribed. At coastal stations the proportions
of immature birds are higher and the mean weights lower (Nisbet
el al. 1963, Murray 1966a,b), and waves of migrants sometimes
arrive one day earlier than those observed inland, in consistently
different weather (Baird et al. 1959). In some years passage con-
tinues at coastal stations later than at corresponding inland stations
(Nisbet et al. 1963). Table 3 provides further evidence for this
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last difference in Massachusetts, New Jersey and Maryland;

additionally, at Island Beach the passage period appears to extend

several days earlier than at the inland station at Jamesburg.
Together these differences suggest three conclusions:

1) records on the coast (of both the Atlantic Ocean and the
Great Lakes) consist to a substantial extent of waves of young
birds;

2) these waves occur in weather different from that character-
istic of migration overland;

3) they include a disproportionate number of birds which are
out of season and perhaps out of range.

Because such birds may have wandered or drifted far out of their
“correct’” routes (Nisbet et al. 1963), caution should be exercised
in using coastal records to infer the location of these routes. How-
ever, some of the biases are likely to be common to all coastal
stations, so it should be permissible to compare their results.

Geographical and seasonal patterns.

On both measures of abundance used in Table 3, Blackpoll
Warblers become progressively less numerous along the coast from
Maine and Massachusetts south to Maryland and Virginia. The
decrease is similar, but much more rapid, at the few stations inland
on the coastal plain.

Within the limits of statistical errors in median dates, Table 4
shows that the passage of Blackpoll Warblers is essentially simul-
taneous at the coastal stations from Massachusetts to Maryland,
and at the inland stations in New Jersey and Maryland. Passage
is earlier at the inland station in Massachusetts and the station in
Maine, later at the coastal station in Virginia, and progressively
earlier at the stations far inland from West Virginia north and west
to Wisconsin.

STATUS IN THE EASTERN AND SOUTHEASTERN UNITED STATES

Although the coastal states from Maryland southwards are the
most important area for this survey, long-term daily sampling of
migrant warblers with mist-nets has not been carried out south of
Virginia. Accordingly, I have reviewed the status of the species
in these states and in those adjoining them to the west, using un-
published sight- and banding-records as well as published data.
Table 5 summarizes the results of the review: the remainder of this
section lists sources and summarizes unpublished records. Num-
bered references refer to the Special Bibliography; OR indicates
unpublished banding data supplied to ‘“Operation Recovery.”

Sources not used.

This review is based primarily on modern records. Burleigh
(1934) reported widespread confusion prior to 1934 between the
Blackpoll and Bay-breasted Warblers in Georgia and North
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Carolina; according to Mengel (1965) and A. R. Laskey (in litt.)
the same error was frequently made in Kentucky and Tennessee.
Accordingly records published before 1934 are ignored unless
individually vouched for by a subsequent author.

Undocumented general statements of status made in state bird-
books by Sprunt and Chamberlain (1952), Sprunt (1954), Pearson,
Brimley and Brimley (1942), and Burleigh (1958) have also been
ignored: in each case these disagree with more recent, documented
assessments cited below. The first two books repeated earlier,
doubtful statements by Wayne (1910) and Howell (1932) respec-
tively; Pearson et al. (1942) did not distinguish between spring
and autumn records; Burleigh (1958) listed inland records but
repeated an undocumented generalization from his 1934 paper
about the coastal status.

Inland states. Ohio: abundant (Borror 1950, Trautman 1956,
Table 1) except in the southwest where rare (Mengel 1965). Western
Pennsylvania: common to abundant (Todd 1940, Leberman 1965,
Leberman and Heimerdinger 1967, Tables 1 and 3). West Virginia:
common to abundant (Hall 1964a,b, 1967, Tables 1 and 3, Mrs. C.
Katholi). Kentucky: 3 certain records (Mengel 1965, K. P. Able);
2 doubtful records in Table 1 (ref. 23). Tennessee: 24 records (all
in Table 1). Alabama: 6 records of 9 birds (Imhof 1962 and in litt.).
Mississippi: no record traced. Louisiana: 2 records (K. P. Able).

Maryland and District of Columbia. “Common, oceasionally abun-
dant . . . (Stewart and Robbins 1958, Table 3). 4.99, of 6162
warblers banded at six inland banding stations 1958-68 (Table 3,
OR). Secarcer in nocturnal accidents (Table 1).

Virginia. Common at four localities in the northeast (Murray
1952, Table 3). Elsewhere “absent to fairly common’ . . . “much
more common in spring than in fall’”’ (Murray 1952). Few recent
data (Table 1, OR).

North Carolina. Northern coast: 35 of 682 warblers banded on
Outer Banks, 1956-68 (Peacock 1964, Grey et al. 1964, Hailman and
Hatch 1964, H. D. Haberyan, P. W. Sykes, Jr., OR). Southern
coast: no records. Inland: 23 of 506 warblers banded at Chapel
Hill, 1965-68 (R. P. Teulings); otherwise scarce to rare in the east
and center (Wetmore 1941, Dawley 1954, Hauser 1967, Blake 1968,
J. R. Norwood, Table 1, OR); only one record in the west (Burleigh
1934, R. Peake, T. M. Rial). Dates: most after 27 September;
median of recorded dates 15 October.

South Carolina. Charleston: only one record among thousands of
warblers in nocturnal accidents (Table 1); 6 of 1233 warblers
banded 1963-68, but seen more commonly on the coast, scarcer
inland (T. A. Beckett III); 32 of 91 warblers banded October 1959
(OR). Inland: about 2 of 150 warblers banded annually at Effing-
ham in the northeast, and others seen (E. C. Clyde); elsewhere
only 3 records traced (Norris 1963 and ¢n litt., T. M. Rial, R. Peake,
Table 1).
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Georgia: 37 listed among 2525 warblers killed 6-8 October 1954,
at four localities within 250 km of the coast (ref. 66): of these 23
were in a sample with very unusual species proportions and should
be regarded as doubtfully identified (D. W. Johnston). Otherwise
very rare generally (Greene et al. 1945, Denton and Hopkins 1969,
J. I. Denton, R. A. Norris, Table 1). Inland: 10 records published
(Denton 1949, Burleigh 1958); 4 unpublished (T. M. Rial). Coast:
3 records published (Burleigh 1958, ref. 67); 1 unpublished (O. L.
Austin, Jr.,, OR). I. R. Tomkins, the doyen of coastal observers
(Tomkins 1958), first listed it as rare (in Greene et al. 1945), but
recorded some in 1954 (in ref. 66, Tomkins 1960). Unrecorded
from well-studied Sapelo Island (Teal 1959, Kale and Hyppio 1966).

Florida. Two well-documented records of large numbers will be
discussed in the next section. Otherwise rare generally (Stevenson
1962, Cunningham 1965, Robertson and Ogden 1969); annual
reports in Audubon Field Notes 1956-69 cite individual records,
25 in 1968 occasioning special comment (Robertson and Ogden
1969). Northwest: 2 among 9671 warblers killed in nocturnal
accidents (refs. 137,138,150,180); no other records (Weston 1965,
J. C. Ogden). Inland: two records (Robertson and Ogden 1969);
otherwise negative statements (Nelson 1952, D. W. Johnston).
West coast: two records (Stevenson 1960, Cunningham 1965).
East coast: 9-10 among more than 1700 birds killed at Jacksonville,
but only 2 sight records there (S. A. Grimes, R. O. Edwards);
irregular in Brevard County, where up to 22 seen in some years,
none in others (A. D. Cruickshank, W. F. White); rare at Vero
Beach (H. W. Kale II); formerly rare at Miami (3 records in 349
field trips in 37 years: L. A. Stimson), more regular since 1960
with 10 in 1966 (L. A. Stimson) and 12 in 1968 (Robertson and
Ogden 1969). Southern Peninsula: about one in 5000 warblers, on
average (W. B. Robertson, Jr.). Florida Keys: 4 records (Greene
1946, Hundley 1962, Sprunt 1963, Robertson and Ogden 1969,
A. Sprunt IV, Mrs. B. Fisk). Dates: extremes 12 September
(Robertson and Ogden 1969) and 13 November (A. D. Cruick-
shank); about half 10-24 October; median 17 October.

Influzes into Florida. An influx in October 1964 contrasts strongly
with the above picture of general rarity. At Jacksonville 273
Blackpoll Warblers (14% of the total of 1950 warblers) were killed
at the television towers during three nights, 5-9 October (Cunning-
ham 1965). In the Indian River area 322 Blackpoll Warblers (99,
of the total of 3511 warblers) were killed at various places during
the same nights (Case et al. 1965, W. F. White). ‘“Moderate
mortality’’ was also recorded at Daytona Beach and St. Augustine
(Cunningham 1965—details untraced). Following the influx,
unusual numbers were seen in other places: at least 27 at West
Palm Beach (Cunningham 1965); 16 in two days at Merritt Island
(Case et al. 1965, W. F. White) ; four at Coconut Grove, the highest
count in 25 years (per L. A. Stimson). On 7 October the town of
Franklin Park was ‘“‘crawling with warblers,” the Blackpoll being
one of the four commonest among “hundreds” (Tucker 1965)—
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apparently the first published record inland for the entire state!
Two were seen at St. Marks on 17 October (R. O. Edwards) and
9 or 10 on the coast of Franklin County on 12 October (J. C.
Ogden)—the only recent records from the northwest and Ogden’s
only record in 104 autumn field trips. The fact that the influx was
noticed in so many places, being described as “amazing” or ‘“aston-
ishing,” attests not only to its unusual character, but also to the
thorough coverage of migration throughout the state, and hence
to the reliability of the reports of rarity in earlier years.

Records of numbers at Sombrero Key Light, isolated in the
Straits of Florida, south of Marathon in the Lower Keys, are
less convinecing, however (but have been included in Table 1).
Cooke (1904) eited records from the lighthouse in each year from
1887 to 1891, including a total of about 150 Blackpoll Warblers
(109, of about 1500 warblers killed there altogether), most of
which were killed on the nights of 13-17 October 1887. These
records have been cited by Howell (1932), Bent (1953) and others.
It is less well known, however, that Merriam (ref. 98) had earlier
published a report of Blackpoll Warblers at Sombrero Key, eight
birds from among about 900 warblers killed in the autumn of 1884:
these were dated between 14 August and 9 September, earlier than
any other Florida records, and including five birds earlier than all
but a handful of records in the northern United States (Bent 1953).
Such improbable records east doubt on all identifications at Som-
brero Key, including those published by Cooke. Neither Cooke
nor Merriam recorded either the Pine Warbler or the Bay-breasted
Warbler: Merriam claimed to have identified every species himself,
but examined only heads and wings, which are extremely similar
in the three species.

Assoctation with storms. Cunningham (1965) pointed out the co-
incidence of the influx of 6-8 October 1964 into Florida with the
passage of a storm which represented the dissipating stages of
hurricane ‘Hilda.” The storm passed eastwards along the north
shore of the Gulf of Mexico and across the north part of peninsular
Florida, its center being near Jacksonville at mid-day on the 5th.
At mid-night on 5/6 October, at the beginning of the three-night
kill at Jacksonville, the storm was centered ENE of Jacksonville:
strong northeast winds and heavy rain prevailed all along the
coast as far as Cape Hatteras.

L. A. Stimson independently pointed out the association of a
small influx (12 birds) at Miami and Key Biscayne on 4 October
1966 with hurricane ‘Inez’. In this case the birds were seen just
before the arrival of the hurricane, which approached from the
east and was centered just to the south of Key Biscayne at mid-
day on the 4th. A third influx involving 21 birds in the same area
(Robertson and Ogden 1969) started on 17 October 1968 in strong
SE winds ahead of hurricane ‘Gladys’, then approaching western
Florida from the southwest. A fourth record of 12 on the Lower
Keys on 25 October 1952 (only the second record there: Hundley
1962) coincided with the passage of hurricane ‘Fox’ from Cuba
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Fig. 2. Tracks of storm centers associated with falls of Blackpoll Warblers in
Florida and South Carolina.

Circles denote the positions of the storm centers at 0100 on the correspond-
ing date (data from Cry (1965) and U. S. Weather Bureau daily weather
maps). Arrows denote falls of Blackpoll Warblers (details in the text).

Hurricane ‘Fox’, 24-26 October 1952.
Storm, 12-13 October 1955 (center ill-defined on 13 October).
Storm, 15-16 October 1959.

Hurricane ‘Hilda’, 3-4 October, and subsequent storm, 5-7 October
1964.

Hurricane ‘Inez’, 3-5 October 1966.
Hurricane ‘Gladys’, 16-18 October 1968.

=R Qe

northeast to Andros, its center passing 120 miles to the southeast
of the Lower Keys during the morning. A fifth record of 22 in
Brevard County on 12 October 1955 took place in “a wild easterly
storm with wild gusty winds” (A. D. Cruickshank). Thus every
dated record of more than four birds together in Florida coincided,
within a few hours, with the passage of a hurricane or other severe
storm. I have not traced any other published records of numbers
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in the southeastern states in recent years, but one unpublished
record—32 banded at Folly Beach, S. C., from 17 to 20 October
1959 (OR)—followed immediately after the passage on 15-16
October of a coastal low which brought strong NE wind to the
coast.

Three older records in the southeastern states of numbers of
Blackpoll Warblers, which have been treated in this paper as
doubtfully identified, also coincided exactly with hurricanes. These
were on the coast of South Carolina on 14 October 1885 and 26
September 1894 (Wayne 1910) and at Sombrero Key, Florida,
from 13-17 October 1887 (Cooke 1904): the corresponding hurri-
canes were ‘1885/8’, ‘1894/3” and ‘1887/11’ (plotted by Cry 1965).

Figure 2 indicates the tracks of the three hurricanes and the
three other storms clearly associated with influxes of Blackpoll
Warblers. Hurricanes are so infrequent in the area concerned
(averaging about 0.6 per year in the period 20 September-20
October between 1901 and 1963—Cry 1965) that this association
could not have arisen by chance. The discovery of this association
resolves some of the apparent contradictions in the published
records for the area, because it indicates that the occurrence of the
species is indeed sporadic. More important, it shows that in the
absence of storms, the species is extremely rare throughout Florida.

It is perhaps significant that three of these six influxes were
earlier in the season than the median date for other records of the
species in Florida; only one small influx was later. The well-
documented record of large numbers, on 5-8 October, was earlier
than all but a small fraction (59;) of the Florida records in non-
hurricane years.

OCCURRENCES IN THE WEST INDIES

According to J. Bond (¢n Litt.), the Blackpoll Warbler is seldom
seen on migration in the northernmost West Indies. Cooke (1904)
stated that it was common in the northern Bahamas, scarce in the
south; however, A. Patterson (¢n lZtt.) has not observed it on Andros
and I have traced few other records of grounded migrants. Most
of the birds listed in Table 1 were killed during a northeast storm
(ref. 68), thus resembling the Florida records.

It is scarce in the Greater Antilles (Cooke 1904, Wetmore and
Swales 1931, Bond #n litt.); specifically, it is uncommon in Cuba
(Barbour 1943) and Hispaniola (Wetmore and Swales 1931), and
rare on Jamaica (Mrs. A. C. Downer and Prof. D. B. Stewart in
litt.). It is common in Puerto Rico (Danforth 1936, McCandless
1961) and common, sometimes abundant, in the Virgin Islands
(Beatty 1942, W. B. Robertson 4n litt.). Occurrence on any of the
Lesser Antilles is more or less sporadic, but large numbers may
appear on an island for a day or so (Bond 1956 and <n lit.): such
occurrences of large numbers have been described for Guadeloupe
(Lawrence 1885), Trinidad (Junge and Mees 1958, Herklots 1961),
Curagao and Bonaire (Voous 1957).
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Many of the West Indies records have been earlier in the season
than the majority of arrivals in Florida. Voous (1957) records one
on Curagao on 11 September, earlier than any record in Florida
2000 km to the northwest. There are records in late September
from at least three other islands, records of numbers from the first
few days of October in Puerto Rico, Trinidad and Curacao, and a
record of large numbers on Guadeloupe on 10 October. The last
date is the same as that of the first quartile of the Florida records
(see above). De Schauensee (1964) cites a record in early Sep-
tember in Colombia.

In summary, the Blackpoll Warbler seems generally more fre-
quent in the eastern than the western part of the West Indies, but
appears irregular everywhere except perhaps in Puerto Rico and
the Virgin Islands.

SYNTHESIS

The pattern of occurrence in Southern Canada and the northern
United States, as recorded in Table 1, agrees exactly with the
hypothesis of Cooke (1904), amplified by records in Bent (1953)
and mapped by Murray (1966a), that the western populations ot
the Blackpoll Warbler fly ESE to the Atlantic Coast, and that the
species as a whole is concentrated in late September between
Virginia and Nova Scotia. The steady progression of arrival and
median dates in the banded samples from Wisconsin, through
Ontario and Pennsylvania, to Maryland and New Jersey (Table 4),
further supports the hypothesis of a movement from WNW to ESE.

Cooke (1904) and Murray (1966a) further proposed that all
Blackpoll Warblers then fly SSW to Georgia and Florida, where
they turn SE again to cross the Caribbean Sea. Neither author
offered any evidence for the hypothesis, however, and six features
of the survey reported in this paper oppose it:

1. Data from nocturnal accidents (Table 1), banded samples
(Table 3) and sight records (Table 5) all indicate that the species
becomes progressively less numerous southwards through the
coastal states from Maine to Florida. This progression is most
pronounced in inland areas (Tables 3 and 5), but is marked even
at coastal stations (Tables 3 and 5) where out-of-range stragglers
are expected to confuse the picture.

2. The species is rare everywhere south of a line from Cincinnati,
Ohio, to Charleston, South Carolina. Despite good semi-quanti-
tative reports on autumn migration from a network of observers
in Florida, it is reported annually from only one area. Even in
this area, in proportion to other migrant warblers, it is 25,000 times
less frequent than, for example, in eastern Massachusetts. Accord-
ing to Cooke’s hypothesis, however, it should be much more con-
centrated in Florida than in Massachusetts.

3. The dates of passage in Table 4 are essentially simultaneous
from eastern Massachusetts to Maryland and West Virginia,
1c:ontra,ry to the idea of a southwestward movement of the popu-
ation.
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4. An abrupt change of about 16 days in median dates occurs
within 300 km between Maryland and northern North Carolina,
thus coinciding with the steepest gradient in abundance.

5. Sporadic falls of small to moderate numbers (by northeastern
standards) in Florida, the Bahamas and probably in South Carolina
have coincided exactly with storms, suggesting disruption of
migration.

6. Arrivals in the West Indies and even in South America have
been recorded earlier than arrivals in Florida.

These data support an alternative interpretation: that most of
the birds which are concentrated in the northeast in late September
leave the North American continent without another stop (except
perhaps for stragglers and storm-harried birds on the southeast
coast). Nisbet et al. (1963) have already proposed this for part of
the population which stops in New England. The results of this
survey suggest that a major fraction of the population of the species
makes a similar flight.

The data in Tables 1 and 3 indicate that the greatest concen-
trations of Blackpoll Warblers occur east of New York City, at
least as far as southern Nova Scotia. Further observation in Nova
Scotia and Newfoundland is required to determine the eastern
limit., Table 5 suggests that the southwestern limit of large numbers
is in the region of Cape Hatteras, but critical data are lacking for
this area and it is likely that there is no sharp boundary.

The only evidence for the direction of departure is the repeated
observation by moon-watching and radar in Massachusetts of
mass flights with average track about 172° (Nisbet ef al. 1963,
Drury and Nisbet 1964, Nisbet and Drury 1969). The identifi-
cation of these birds as Blackpoll Warblers is indirect, depending on
views of silhouettes in front of the moon and on correlations of
mass flights with observed decreases in numbers of that species;
however, all other species appear less likely (Nisbet and Drury
1969).

On the western margin of the flights, some birds must pass within
100 miles of southern Florida, because the influence of the hurri-
canes plotted on Figure 2 extended no more than 200 miles; how-
ever, the numbers involved were extremely small. The influx in
Florida in October 1964, and a kill on Grand Bahama in October
1966 (ref. 68), coincided with strong NE winds extending from
Cape Hatteras and beyond; however, even these kills were small
by comparison with records in Table 1 from Long Island and New
England. Hence I tentatively place the western limit of large
numbers as running SSE from Cape Hatteras to Hispaniola.

There is no evidence for the eastern limit of the flights, because
there are no observations east of Sable Island, Bermuda, the Lesser
Antilles and Trinidad. However, the irregular occurrence of
grounded migrants in the West Indies suggests that most birds do
not usually stop there.
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Fig. 3. Distribution and migration of the Blackpoll Warbler.

(Oblique Mercator Projection: Pole 20°N, 25°E)

Vertical hatching: breeding range (from Bent, 1953, A.0.U. Checklist,
1957, and vegetation maps).

D1agona1 hatching: winter range (little known).
Stippling: common to abundant on autumn migration (this survey).
Stars: sporadic falls associated with storms (Fig. 2).
? : too few recent records to assess status.
Short arrows: departures tracked by radar (probably this species).
Long arrows: Northeast Trade winds (zone of 509, persistence).
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On the basis of the above evidence, the regional occurrence of the
Blackpoll Warbler on autumn migration may be plotted as on
Figure 3. Later papers in this series will report studies of the
adaptations of the species to long-distance migration.

COMMENTS ON SOURCES OF DATA

This survey has been based largely on material collected during
the last 10-15 years: data published earlier have proved to be
almost as much hindrance as help. This is due in part to special
problems raised by the Blackpoll Warbler: its similarity to other
species, its unique distribution pattern and its fluctuating numbers
in many places. However, it is due primarily to the paucity of
quantitative information. To plot the migration route of a species
from distributional data requires numerical comparisons of abun-
dance in different regions: Moreau (1961) has pointed out the
extreme difficulty of doing this from conventional published
accounts. The most ambitious of previous attempts to plot mi-
gration routes quantitatively used systematically planned obser-
vations (Stevenson 1957).

Five sources of data have been used in this survey:

1. State handbooks and checklists. Few of these include quanti-
tative estimates, and most attempt to generalize a mass of incom-
plete data into a single ill-defined adjective. The problem for the
user is that words such as ‘“common” are based on no absolute
standard, and often appear to reflect the writer’s idea of the species’
total numbers, which in turn derives from his local experience.
There are in fact a few hints in the literature that the Blackpoll
Warbler is especially numerous in the north and northeast U.S.A.
—e.g. “lavish abundance” (Griscom and Snyder 1955); ““. . . during
latter September may outnumber all other species combined”
(Sutton 1928); ““. . . certainly far more numerous than all the other
warblers put together, excepting of course the Myrtle”’ (Griscom
1933); “outnumbers all other warblers combined” (Todd 1940).
However, books on birds of the southeastern states also describe
the Blackpoll as common in autumn: I have found in this survey
(see Table 5) that these statements generally disagree with modern
observations.

2. Local checklists and annual reports. There is a truly enormous
literature under this heading, growing by dozens of titles each
year. I did not attempt a comprehensive review, because I found
that, at least for areas which I knew myself, this material was
systematically and deliberately biased towards the unusual,
especially early and late dates.

3. Unpublished notes of local ornithologists. These appear to be a
rich source of qualitative data, incompletely tapped by the com-
pilers of local and regional checklists. However, few ornithologists
keep systematic notes on numbers of migrants, and there remains
the problem of assessing adjectives such as ‘‘common” and ‘‘rare”.
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There is a notable exception in IFlorida, where many local orni-
thologists have kept long-term numerical records of birds encoun-
tered on regular field-trips. Such records are badly needed in other
areas.

4. Banding stations. These appear to provide good quantitative
samples of migration, the best available in some areas (Tables 3-5).
However, this study has raised two problems. The first is that
both the numbers and the seasonal pattern of ocecurrence of Black-
poll Warblers vary greatly from year to year at most stations, so
that daily banding over a number of years is required to obtain
self-consistent averages. The second is that data from the coast,
where most of the permanent stations have been set up, appear
to be systematically biased towards young, out-of-season, and
out-of-range stragglers. Coastal sites were selected for these
stations because of dense local concentrations of birds: it appears
likely that in this way large samples have been obtained at the
expense of representativeness.

I was surprised to find that the irregular peaks were nearly as
prominent at many of the inland stations as on the coast. Some of
the inland stations were set up on lake shores and mountain ridges
where grounded migrants were locally concentrated: hence their
data may be nearly as biased as those of the Atlantic coastal
stations. Indeed, it seems possible that the irregular peaks occur
everywhere, so that no single station can provide a representative
sample.

5. Nocturnal accidents. The self-consistency of regional averages,
and their agreement with long-term mist-netting averages where
available, suggest that data from nocturnal accidents can provide
good quantitative samples, at least for species which migrate at the
period concerned. Night-to-night and year-to-year fluctuations in
species composition appear, on the basis of limited data, to be
smaller than those in banded samples. The main limitations of
the data are the gaps in some areas where few birds have been col-
lected (even in areas where both television towers and ornitholo-
gists are dense), and the irregularity of the kills in most places,
so that a long period is required to obtain reasonable averages.
However, this is potentially the best source of information on
regional differences in relative abundances, and further collections
to fill the gaps will be of great value.

SUMMARY

Occurrences of Blackpoll Warblers on autumn migration through-
out eastern North America are reviewed, using quantitative data
wherever available.

Records are analyzed of 140,000 warblers killed during nocturnal
migration at 135 places. Expressed as a proportion of the total
number of warblers, Blackpoll Warblers are relatively common
around the Great Lakes, abundant on the Atlantic Coast from
New York to Nova Scotia, and in West Virginia; they are rare in
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southern and southeastern states except for one or two records of
numbers in Florida.

Systematic samples of migrant warblers over six or more years
are available from seven coastal and seven inland banding stations
north of Virginia and West Virginia. The Blackpoll Warbler
becomes progressively less numerous along the coast from Maine
and Massachusetts southwest to Maryland and Virginia. Median
dates of passage become progressively later from Wisconsin ESE
to Maryland, but not from Massachusetts SW to Maryland.
Among other differences, records at coastal stations extend over
much longer periods than at nearby inland stations.

Records of Blackpoll Warblers in the eastern and southeastern
coastal states are reviewed. They become less numerous south-
wards, especially inland, and are generally rare south ot Charleston.
Sporadiec falls of moderate numbers in Florida have coincided
exactly with hurricanes and other storms.

Occurrences in the West Indies appear generally irregular except
perhaps in Puerto Rico and the Virgin Islands.

No support is found for the Cooke-Murray hypothesis of con-
centrated passage through the southeastern United States. Most
Blackpoll Warblers appear to fly directly from the northeastern
U. S. towards their wintering grounds in northern South America.

Quantitative data on autumn migrants have only recently be-
come available and are still insufficient for detailed analysis.
Published summaries are too generalized and often unreliable.
Present-day observing and recording of common species provides
very little useful information. Systematic mist-netting ean provide
quantitative data, but most netting stations are now sited in-
appropriately. Television tower kills provide the best quantitative
data, but there are still important gaps in coverage.
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APPENDIX
VARIATIONS IN ABUNDANCE AMONG OTHER WARBLERS

Table 6 lists the percentages of 37 species of warblers among seven large
samples from television tower and lighthouse accidents. Species whose breeding
range is largely north of latitude 43°N are labelled N; those whose breeding
range is largely south of 43° are labelled S; wide-ranging species are labelled W.
Table 7 summarizes the average proportions of the three groups of species in three
tiers of stations. If the southward flow of migration were of uniform density from
west to east, the simplest interpretation would be that the mean density of
warbler migration is about 1.5 times larger over the southern tier than over the
northern tier: for every 60N and 40W birds that pass the northern tier, about
60N, 70W and 20S birds pass the southern tier. I assume that this is a rough
indication of the increase in the number of birds with decreasing latitude. How-
ever, this simple interpretation cannot be literally correct, because the data for
most individual species in Table 6 show as marked differences from west to east
as from north to south. These differences in many cases appear to indicate east-
ward or westward components to migration routes, and open up a large field for
future research. Here I merely point out that the data for only five species in
Table 6 present a pattern similar to that of the Blackpoll Warbler: these are the
Cape May (D. tigrina) and Connecticut (Oporornis agilis) Warblers, which
probably have an eastward component to their migration, and the Wilson’s
(Wilsonza pusilla), Nashville (Vermivora ruficapilla) and Mourning (0. phtla-
delphia) Warblers, which probably have a westward component.

TaBLE 7. THE Data IN TABLE 6 AVERAGED BY GROUPS OF SPECIES AND BY
LaTiTupINAL TIERS OF STATIONS

Northern tier Middle tier Southern tier
(Wisconsin-Ontario) (Tennessee-Maryland) (Florida-Georgia)

Northern species  61.09, 41.29, 42.0%

Wide-ranging
species 39.09% 56.3% 44 .79

Southern species 0.19% 2.59, 13.19%




