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THE TERNS OF THE DRY TORTUGAS

WTT T.T~M B. ROBERTSON, JR.1

4

SYNOPSIS: New information from unpublished sources and from published rec-
or(is hitherto overlooked permit a re-evaluation of the history of the Dry Tortugas
and of the terns that inhabit them. The geography and ecology of the 11 keys
that have variously comprised the group since it was first  mapped in the 1770's
are described and their major changes traced. The recorded occurrences of the
seven species of terns reported nesting on the keys are analyzed in detail. The
Sooty Tern colony has fluctuated from a low of about 5,000 adults in 1908 to a
reported peak of 190,000 in 1950;, for the past four years it has remained steady
at about 100,000. The Brown Noddy population, which reached a peak of 85,000
in 1919, was rEduced by rats to about 400 adults in 1938; it is in the neighbor-
hood of 2,000 today. A colony of 150 to 450 Roseate Terns has nested in most
years from 1917 to the present. About 500 Least Terns nested regularly from
1916 to 1982, then unaccountably dwindled to a few pairs by 1937 and shortly
afterward- disapp6ared. Royal and Salldwich Terns nested abundantly in the
mid-19111 century, and a colony 6f Royals may have existed as late as 1890.
Both species are believed to have been extirpated from the Tortugas by egging.
No verifiable evidence exists for the nesting of the Common Tern, which has
been reported several times. The Black Noddy, first reported for the continental
United States at Dry Tortugas in 1960, has been found there each summer since.

i The author is Park Biologist at Everglades National Park and Fort Jefferson
National Monument, Homestead, Florida. Manuscript submitted 10 October
1963.-ED.

Robertson, William B., Jr., 1964. The terns of the Dry Tortugas. Bull. Florida
State Mus., vol. 8, no. 1, pp. 1-95.
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INTRODUCTION

The tern colonies of the Dry Tortugas, in particular the great breed-
ing aggregations of the Sooty Tern, Sterna fuscata Linnaeus, and
the Brown Noddy, Anous stolidus (Linnaeus), have been of interest
to ornithologists since Audubon visited them in 1832. Although the
area is remote and difficult of access even today, few bird colonies
in North America can boast so long a record of observations or so
extensive a literature.

During the early years of the Carnegie Institution of Washington's
Tortugas Laboratory, John B. Watson and his co-workers made ex-
tended observations on Sooty Terns and Brown Noddies (Watson,
1907, 1908, 1910; Watson and Lashley, 1915; Lashley, 1915). Their
work provided nearly all of the detailed life history data available for
these species until recently. It also included pioneer experimental
studies. of behavior, homing, and orientation, as· well as an early in-
stance of-the use of metal leg bands to mark'birds.

Excepting the work of Watson and his associates, the literature
consists- almost entirely.- of descriptions of the ternery as observed
during brief visits. Many accounts since 1900 ·include estimates of
the number of Sooty Terns, Brown Noddies, and other breeding spe-
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cies. Lengthier studies by National Park Service personnel in 1987
and 1988 (Beard, 1989) were concerned particularly with predation
upon Sooty Tern chicks by Magnifeent Frigate-birds, Fregata mag-
nificens Mathews. Parts of the historical record were summarized by
Bartsch (1919), Vinten (1948), Sprunt (1948b), and Moore and Dilley
(1958).

Modern banding at the Dry Tortugas began with the activities
of Jack C. Russell in 1986 and was continued annually through 1941,
principally on outings sponsored by the Florida Audubon Society.
About 18,800 Sooty Terns and 246 Brown Noddies were banded.
The bandings were reported separately by eight or more individuals
and ho analysis of the data was undertaken until recently (Austin,
1962 MS.).

In June 1959, the National Park Service, Florida State Museum,
and Florida Audubon Society began a cooperative mass-banding
study of the movements and demography of the Sooty Tern popula-
tion. At the end of the 1963 season new bandings of Sooty Terns
by project cooperators totalled approximately 82,300 adults and 41,900
juveniles. In the course of this work it became evident that a number
of the widely scattered published reports and much unpublished in-
formation had not been taken into account by previous compilers.
Because of this, several apparent misinterpretations of the history
of the colony had gained wide currency. The present summary
resulted.

The names of birds are those of the Check-List of North Ame,·ican
Birds, American Orhithologists' Union, 1957, except for the changes
resulting from the recent discovery of Anous tenuirostris (Temminck)
at the Dry Tortugas (Robertson et al., 1961).

ACKNOWLEDGMENTS

It is possible to mention here only a few of the people who helped
me to assemble the data this paper summarizes. The cooperation
of those named and many others contributed greatly to this review.

I am particularly indebted to Joseph C. Moore for permission to
refer to the unpublished reports of tern censuses he made in 1958,
1954, and 1955. C. Russell Mason also made extensive field notes
available to me. Others who contributed unpublished data or photo,
graphs included Robert P. Allen, H. G. Deignan, John R, DeWeese,
Willard E. Dilley, Theodore R. Greer, David O. Hill, James B.
Meade, Dennis R. Paulson, Roger T. Peterson, Chandler S. Robbins,
Alexander Sprunt IV, and Louis A. Stimson.



4 BULLETIN FLORIDA STATE MUSEUM Vol. 8
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LOCATION AND PHYSIOGRAPHY

The Dry Tortugas, the westernmost outliers of the Florida Keys, are
an area of shoals with several small, low islands located about 70
miles west by slightly north of Key West (figure 1). The shoals
have the shape of a roughly elliptical atoll with its long axis north-
east-southwest. They enclose a lagoon about 10 miles in greatest
diameter, its center lying at approximately 24°40'N, 82°52'W. The
10-fathom line closely approaches the outer perimeter of the shoals.
Depths within the lagoon are mostly 5 to 10 fathoms. According to
Vaughan (1914) the shape and alignment of the shoals were deter-
mined primarily by currents and antedate the present luxuriant growth
of reef corals. The nearest land is the Marquesas Keys, about 50
miles east.

The islands of the Dry Tortugas (Vaughan, 1914; Davis, 1942)
are made up of coarse, unconsolidated calcareous sand and larger
detrital fragments, chielly the remains of lime-secreting marine or-
ganisms. Skeletons of corals predominate. Because of the strong
currents and heavy wave action during storms, little fine sediment
accumulates and the shorelines of the islands change frequently.
Highest elevations on most of the present Tortugan islets do not
exceed 8 or 4 feet above normal high tides. Except for Garden Key
and Loggerhead Key, all are subject to some overflow by storm tides.
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FIGURE 1. Dry Tortugas, showing shoal areas and the location of existing and former islands. Based on C6ast and Geodetic Sur-
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HISTORY AND NAMES OF THE TORTUGAN KEYS

According to Herrera's chronicle of the first Florida voyage (Davis,
1935:·21), Juan Ponce de Leon reached the Tortugas 21 June 1518.
The islands had been sighted from the east as the expedition was
rounding the tip of the Florida Keys some weeks earlier. Herrera
speaks of an archipelago of "eleven rocky islets" named "Las Tortu-
gas" because many sea turtles were captured there. The Tortugas
offered a protected anchorage where sea birds, turtles, and seals
(presumably the West Indian Seal, Monachus tropicalis, now ex-
ceedingly rare if not extinct) could be taken to augment a ship's
food supply. It is likely that the islands were visited frequently
during the 250 years following their discovery, but little record of
this period survives.

TABLE 1. NAMES OF THE ToRTUGAN KEYS2

Tatnall
Gednery

Gauld Chart Chart Coast Survey Chart 47la Chart 585
1773-75 1829 1858-54 1868-75, 1896 1958

Booby Kay Bird Key Bird Key Bird Key
Long Ke~ Long Key Long Key Bush Key

East Kay East Key East Key East Key East Key
Bush Kay Garden Key Garden Key Garden Key Garden Key
Middle Kay Sand Key Sand Key Sand Key Hospital Key
Logger Head Loggerhead Loggerhead Logg6rhead Loggerhead
Turtle Kay Key Key Key Key
Rocky Kay Bush Key Bush Key Bush Key Long Key
Bird Kay Middle Key Middle Key Middle Key Middle Key
North Kay North Key North Key
Sandy Kay North East North East

Key Key
South West South West South West

Kay Key Key

* Blanks indicate that no island existed at the time of the survey.

The frst modern chart, and the earliest I have seen that gives
names to the individual keys, was based on a surv6y made by George
Gauld for the British Admiralty in 1778-75 (Gauld, 1790). Gauld's
chart applies the name "Dry Tortugas" to the group as a whole and
shows 10 keys; the names it gives for 6 of these differ from those
used later (table 1). The Dry Tortugas were next charted by Lieu-
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tenants Josiah Tatnall and G. R. Gednery for the United States Navy
Department in September 1829. A tracing of this chart is in the
files of Castillo de San Marcos National Monument, St. Augustine,
Florida (C. R. Vinten, in litt.). The 1829 chart has particular value
because it gives areas and elevations for 6 of the 11 keys then
emerged. Parties from the United. States Coast Survey worked at
the Tortugas in 1853-54 ("Tortugas Island", Scale 1:81,680; and «Sec-
tion No. VI", Scale 1:400,000, in Bache, 1858), and in 1868-75 ('T-
1410", Scale 1:10,000, in Coast Survey, 1878; Chart 47la, "Tortugas
Harbor and Approaches", Scale 1:40,000, United States Coast and
Geodetic Survey, 1896). The chart of the area presently in use is
Coast and Geddetic Survey 585, "Dry Tortugas", Scale 1:80,000, first
issued in 1922 and last revised in 1958. Table 1 shows the keys of
the Dry Tortugas that existed at the time of each of the above sur-
veys and the names applied to them on the various charts.

Two general types of keys may be distinguislred in the Dry Tor-
tugas, those little more than barren sandbanks slightly elevated above
normal tides, and the larger, higher, and usually more permanent
islands with considerable plant cover. The first group includes Hos-
pital, Long, Middle, North, Northeast, and Southwest Keys; the
second, Bird, Bush, East, Garden, and Loggerhead Keys.

Bird Key was the principal nesting ground of Sooty Terns at the Dry
Tortugas from at least 1882 (Audubon, 1885) and of Brown Noddies
from at least 1857 (Wurdemann, 1861) until the island washed away
in the early 19309. During periods of military activity at Fort Jeffer-
son, Bird Key also served at times as a hospital site, quarantine sta-
tion, and cemetery. The former hospital buildings later housed the
Audubon and Biological Survey wardens guarding the tern colony.

"The 1829 survey recorded the area of Bird Key as 4 acres 2 roods
20 poles", slightly more than 4% acres, and the elevation as «8 feet
8 inches" (Vinten, in litt.). Later comments on its areas dimensions,
and 61evation vary Widely. The area in 1890 was stated as "about
eight acres" (Scott, 1904: 278), in 1910-18 as "about 6,000 square
yards" (Watson and Lashley, 1915: 85) and as "somewhat less than 5
acres (Lashley„ 1915: 61), in 1915 as "8 acres" (Pearson, 1915: 412),
in 1918 as "about 6 acres" (Ashe and Lowe, 1918 MS.), and in about
1926 as "less than five acres" (England, 1928: 14). Dimensions giyen
in various publications range from 500 x 250 feet in 1904 (Millspaugh,
1907: 283) to 400 x 300 yards in 1907 (Watson, 1908: 191), and the
key is credited with various elevations up to "6 feet above mean tide
level" (Watson and Lashley, 1915). A comparison of the representa-
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tions of Bird Key on the charts of different periods suggests that much
of the reported variation existed mainly in the eye of the obsefver,

It is commonly stated that Bird Key was destroyed by a hurricane
in 1935, the Labor Day hurricane that devastated the Florida Keys
often being specified (Stevenson, 1988; Davis, 1942; Vinten, 1943;
Sprunt, 1946b, 1948b). Other authors cite the "hurricane of 1988"
(Robinson, 1940: 8; Peterson, 1950: 818) and "the big hurricane of
1988" (Peterson and Fisher, 1955: 142) as the storm re5ponsible. Many
accounts suggest that the key was destroyed suddenly. Dilley (1950:
67) Wrote: "At times changes may be very sudden, as illustrated by
the complete disappearance of Bird Key during the hurricane of
1985." Stevenson (1938) noted that Bird Key had be6n eroding grad-
ually for some time before the 1985 storm, and Robinson (1940),
Peterson (1950), and Peterson and Fisher (1955) state that it began to
"sink" in 1928.

The disappearance of Bird Key appears to have been an extended
process following destruction of the vegetation, and without immedi-
ate relation to any of the storms mentioned. In 1882 the key had
a thick cover of bushes (Audubon, 1885), and in 1857 Wurdemann
(1861: 426) described it as "covered with bay cedar ISuriana mari-
timal bushes seven or eight feet in height interspersed here and there
with the cactus." Later descriptions of the vegetation up to 1910
are almost identical to Wurdemann's. As early as 1904, however,
some erosion had begun. Millspaugh (1907: 238) noted from Lan-
sing's observations: "Wave action from the northwest appears to be
rapidly eroding the western beach, the vegetation on the shore plain-
ly showing the enchroachment."

The severe hurricane of 15-17 October 1910 (Tannehill, 1950:
175-176) was the frst important eveht in the destruction of Bird Key.
Of its effects Lashley (1915: 62-68) wrote: "The Key was formerly
overgrown thickly with bay cedars, but the greater number of these
were killed by the hurricane of 1910 and only a few living cedars
remain." In 1915-16 the effects of the 1910 storm were still evident.
Bird Key then had only scattered patches of bay cedar bushes (Bow-
man, 1918: 124). On 10-11 September 1919, another severe hurri-
cane passed directly over Dry T6rtugas (Tannehill, 1950: 186-187).
In his assessment of the damage done on Bird Key, Warden. T. J.
Ashe (1919 MS.) wrote: "All vegetation on island destroyed."

Accounts of Visits to Bird Key after 1919 (Bartsch, 1928, 1981,
1982; England, 1928) trace the rapid erosion of the denuded island.
The later stages are indicated in the following comments by Charles
I. Park (in litt.): "When I went there in 1929, Bird Key had already
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started to wash away. The house which the former warden had oc-
cupied was considered unsafe so I lived on Garden Key and com-
muted by boat to the other keys. ... Each year erosion on Bird
Key progressed until in 1984 there was very little of the island above
water level." As of June 1985, Longstreet (19860.37) stated: "the
remains of Bird Key [are] now eroded to a negligible sandbar."

/.
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FIGURE 2. Aerial view looking west, Dry Tortugas, January 1945. Long Key
in foreground, Bush Key and Garden Key next rear, and Loggerhead Key in
background. The white spot on the shoal to the left of Garden Key and slightly~
above it is a sand bar at the former location of Bird Key. (Official photograph,
U. S. Navy.)

The 1985 Labor Day hurricane was a storm of extreme intensity
but small diameter that struck the central Florida Keys (Tannehill,
1950). In reply to questions about this storm and the one of 4-6
November, which was the only other hurricane in the area in 1985.
Gordon E. Dunn of the United States Weather Bureau, Miami, wrote
me (in Ntt.): "Neither of these storms passed very close to Dry Tor-
tugas or to Bird Key, and it is doubtful that either of these storms
should have primary responsibility for the disappearance of Bird Key,
I would expect that their effect on Bird Key would have been rela-
tively minor." After storms in January 1940 (Felton, 1940 Ms.), a
40-foot sandbar elevated 2 feet above high water emerged at the
former location of Bird Key. Other intermittent reappearances have
occurred more recently (figure 2).

Bush Ke!/, where most of the Sooty Terns and Brown Noddies have
nested in recent years, has an involved history complicated by con-
fusion of names. The names Bush Key and Long Key have been
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applied at various times to each of the two adjacent islands on the
shoal east of Fort Jefferson (table 1, figures 2 and 8). The names in
current use were established with the first edition of Chart 585
(1922), but the confusion persisted somewhat longer (viz., Coast
Pilot, 1936: 78).

FIGURE 3. Aerial view looking east. Garden Key and Fort Jefferson in fore-
ground. Bush Key, the east spit, and the northernmost sand ridge of Long Key
at upper right. Large trees in the parade of Fort Jefferson are mainly button-
woods (Conocarpus erectus), possibly remnants of the original stand. Pilings at
the north and south extremities of Garden Key formerly supported the coaling
docks. The center of Bush Key is a thicket of bay cedar (Suriana maritima)
enclosing several mangrove-fringed ponds. Brown Noddies nest at the edges of
this area. The Sooty Tern colony occupies open areas between the bay cedars
and the shore. (Official photograph, U. S. Navy, by U. S. Naval Air Station,
Key West, 1959.)

Now the second largest of the Tortugan islets, Bush Key has under-
gone several cycles of building and erosion. Gauld's chart shows
no land in the area. The 1829 survey reported (as "Long Key") an
island with an area of «5 acres 8 roods 22 poles" and an elevation of
"2 feet 4 inches" (Arana. in litt.). By 1882 this island (or possibly Long



1964 ROBERTSON: DRY TORTUGAS TERNS 11

Key) was thickly covered with bushes and low trees, and Audubon
(1885) referred to it as "Noddy Key" because most of the population
of Brown Noddies was nesting there. Maps of 1858-54 (Bache, 1858)
show a sizable island at the present location of Bush Key. During
the military occupation of Fort Jefferson in the 18609, the island
served as a pasture and slaughter grounds for cattle and hogs brought
in as food for the garrison (Holder, 1868: 262; Manucy, 1948: 321).
Shortly after this time, Bush Key and Long Key are said to have been,
"almost entirely obliterated by a hurricane" (Holder, 1892: 77). About
1889 Bush Key was a barren sandbank (Coast Pilot, 1889: 40) and
Chart 47la of 1896 shows only a small area above high water. Scott's
(1890) detailed account of Tortugan geography as of the spring of
1890 mentions no land at- this location.

The history of Bush Key after 1900 is thoroughly bedeyilled by
confusion of names. Significant observations on T6rtugan geography
in this period were made by Lansing in 1904 (Millspaugh, 1907), Bow-
man in 1915-16 (Bowman, 1918), and Bartsch in 1917 (Bartsch, 1919).
Millspaugh does not mention Bush Key. Bowman (1918: 128-129)
describes a large, irregular island that had shrubs about 12 years old.
Bartsch (1919: 469, ·482) refers to Bush Key as «an elevated coral
reef" with the statement "all the vegetation, in fact, most everything
shiftable above the sea, has long since been swept away by the
waves.

These records appear to show that Bush Key did not exist in
1904, built up rapidly until 1915-16, and then was suddenly reduced
and devegetated (presumably by storms) to produce the conditions
Bartsch found in 1917. Dayis (1942: 187-189) and Sprunt (1948b:
5-6) adopt approximately this interpretation of its history. Davis

' also points out that Lansing may have overlooked a small island in
1904 because a considerable quantity of sand was removed from
the area in 1901-05 for lise as fill during the construction of coaling
sheds and piers on Garden Key (figure 8).

The record is open to the alternative interpretation that Bush
Key had a history of steady growth from before 1900. Close ex-
amination of the accounts of Millspaugh (1907) and Bartsch (1919)
strongly suggest that these authors, following the nomenclature of
the charts then current, referred to the present Bush Key as Long
Key and vice versa. Bartsch (1919: 469), for example, wrote of Long
Key: "the northern end consists of a barren rim of coral boulders
that curves eastward and southward, to join with the reef fringe of
Bush Key. This is a fairly accurate description of present geogra-
phy with the names of the keys revers6d. Bowman (1918) discussed
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Bush and Long Keys together but appears to have followed present
usage in his application of the names. "Long Key" is described in
Millspaugh's (1907: 225) account as, «so low as to be awash during
heavy weather" and "void of vegetation." Bartsch (1919) indicated
that the southern part of "Long Key" supported a sparse vegetation
of grass and bushes in 1917.

The probable history of Bush Key may be summarized as fbllows.
After having existed as a well-vegetated island for 40 or 50 years,
it was destroyed by a hurricane around 1870. Sandbars soon re-
appeared at the site, but as late as 1904 they were small and had
no permanent vegetation. During the next decade some plants be-
came established and a serjes of ridges and bars developed as shown
in Bowman's (1918) sketch. By 1915 (Bowman, 1918) or 1919 (Davis,
1942) several of the sandbars had grown together to cut off ponds
from the ocean. Most of the area between the coalesced bars grad-
ually filled[ and a lohg sandspit built up from the east end to give
the key approximately its present shape (Davis, 1942; figure 3). Bush
Key continued to build up during the 1980's and 1940's and contained
an estimated 110,000 square yards in 1946 (Sprunt, 1946b; 5). More
recently some of the shores have eroded, but the island seems to be
more or less stabilized at about 20 acres.

East Key appears on all maps of the area and, unique among the
present islands of the Dry Tortugas, it has borne the same name
throughout its history. Although more stable than many Tortugan
islets, East Key has undergone substantial changes in size and vegeta-
tion. Gauld's chart shows it as the second largest island of the
group. This is corroborated by the 1829 survey which recorded an
eleyation of more than 4 feet and an area of about 12 acres, second
in size only to Loggerhead Key. During the late 1800's and early
1900's, East Key may have suffered several periods 6f devegetation
and erosion. About 1860 (Holder, 1892) it was covered with a dense
stand of bay cedar bushes and numerous mangroves. In 1875 it was
repofted to be "partly covered with a growth of cedar" (Coast Sur-
vey, 1878) and later (Coast. Pilot, 1889) was said to have "a few bushes
on it." At almost the same time, Scott (1890: 802) wrote of East Key:
"It is a low, sandy, coral island, covered in parts with stunted bushes,
and contains an area of perhaps eighteen acres." By 1904 little but
herbaceous growth persisted and Millspaugh (1907: 224-225) described
East Key as "little more than a mere sand bank 280 x 50 feet in area."
He may, however, have been misinformed about its size. In 1915-16
(Bowman, 1918: 181-182) the island was said to be "almost entirely
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covered with vegetation including "large, well-grown bushes," but
no bay cedar. Its dimensions were given as about one-third mile
long and less than one-sixth mile wide. Davis (1942: 191) found a
thicket of bay cedar on the highest sand ridge and reported the
island's dimensions to be about 1200 x 600 feet. He stated that East
Key "has probably grown in size and become more stabilized in the
past half-century." Sprunt (1948b: 17) wrote of East Key: "It com-
prises about 85,000 square yards," indicating continued growth. At
present sizable bushes of bay cedar, sea lavender (Tournefortia
gnophalodes), and Scaevota plumieri are well distributed over East
Key.

It has often been said t:hat Sooty Terns and Brown Noddies were
not known to have nested on East Key and several authors have re-
marked upon the failure of the terns to use so suitable a nesting area,
These comments overlook various records of the 19th century. Large
breeding colonies of both species occupied East Key in the 1850's
(Wurdemann, 1861; Bryant, 1859a). Sooties, at least, still nested
there as late as 1890 (Scott, 1890). Continual persecution by eggers,
mentioned by every early writer, may finally have driven the terns
from East Key. Though a warden was in residence at Bird Key
each nesting season from 1908 on, his surveillance is not likely to
have ektended to the outlying islands. It is of interest that no terns
have bred on East Key during the past 28 years of strict protection.

Garden Key adjoins the best protected anchorage in Tortrgan waters
and has long been the center of human activity in the area (Manucy,
1943). Most of the key is occupied by the immense ruin of Fort Jeffer-
son (figures 2 'and 8). A lighthouse was built on Garden Key as early
as 1825. Construction of the fbrt began in December 1846 and was
discontinued about 20 years later with the work still far from com-
plete. After use chiefly as a military prison, the post was abandoned
in the 1870's. It was reoccupied during and after the Spanish-Ameri-
can War and World War I, first as a coding station, later as a sea-
plane base and wireless station.

Gauld's chart shows Garden Key with an irregular shoreline and
the 1829 survey reported its area as about 7% acres. An interesting
map in the files of the U.S. Corps of Engineers (Bache, 1845 MS.)
is a detailed topographic survey of Garden Key as it was immediately
before the construction of Fort Jefferson began. The shape is rough-
ly elliptical, highest land elevations are just over 5 feet above mean
low water, and the center of the island is shown as low and evidently
swampy. The exact scale of the map is uncertain. Calculations (by
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William M. Alexander, Assistant Park Engineer, Everglades National
Park) based upon the scale taken from a superimposed outline draw-
ing of the Fort, laid out on the original map presumably by Major
Bache, give a land area of 8.8 acres above high tide line. The size
of Garden Key was increased by filling when the Fort was being built
and again about 1900 when the coaling structures were built. Davis
(1942: 185) gave the area as 16 acres, of which 5 acres lay outside the
walls of the Fort.

No terns are known to have nested on Garden Key until relatively
recent years. Detail shown on the 1845 map suggests that the in-
terior of the island may originally have been too heavily vegetated
to attract nesting Sooties, although much of it was apparently suit-
able for Brown Noddies. Any that may have nested there undoubt-
edly were displaced soon after 1845. A few pairs of Brown Noddies
have nested on pilings and in the ruins of the north coaling dock in
a number of years since at least 1932 (Bartsch, 1982). In 1987 (Long-
street, 1987), 1938 (Beard, 1988), and 1947 (Sprunt, 1947a) large num-
bers of Sooty Terns nested along the east side of Garden Key. A
substantial part of the Brown Noddy population also nested there in
1987 and 1938, but not in 1947 (Sprunt, 1948a).

Hospital Key, although always a small, shifting sandbar with little
yegetation, has existed since the earliest surveys of the Dry Tor-
tugas. The present name, which was used as early as 1875 (Coast
Survey, 1878) stems from the isolation hospital for yellow fever
patients built there in the 1860's. Sand Key, an earlier name, re-
mained in common use until the 1940's. Various plants have been
recorded from Hospital Key, but the island is so often awash in
rough weather that no permanent plant cover ha5 become estab-
lished.

Least Terns nested on Hospital Key in 1907 (Watson, 1907) and
1987 (C. R. Mason, in litt.) and a colony of Roseate Terns has occu-
pied the key in a number of recent years since 1987 (Mason, in liM.).
Sprunt (1948b: 17) suggested that Sooty Terns might End Hospital
Key a suitable nesting area, a prediction fulfilled when a few Sooties
nested there in 1957 and 1959.

Loggerhead Key is the largest, highest, and most heavily vegetated
of the Tortugas and the site of the 150-foot Loggerhead Light (fig-
ure 4) built in 1856-60. The size and shape of the key have been
remarkably constant: It had an area of about 80 acres in 1829 and
is, approximately the same size at present; erosion of the west shore
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having been balanced by the growth of sandspits at the northeast
and southwest ends. Loggerhead Key has been credited with an
elevation of 9 feet above mean tide (Millspaugh, 1907: 235; Davis,
1942: 179) but it seems likely that this estimate is excessive. The 1829
survey gave the elevation as -4 feet 4 inches."

Least Terns nested on the Loggerhead Key sandspits intermit-
tently from before 1900 to 19,86 (Russell, 1988 MS.: 4). No other tern
is known to have nested on the island.

4

FIGURE 4. Loggerhead Key about 1945, looking southwest from the north tip.
In the foreground is the former site of the Tortugas Laboratory, Carnegie Insti-
tution of Washington. In the center of the island, Loggerhead Light, (Omcial
photograph, U. S. Navy, by U. S. Naval Air Station, Key West.)

Long Key is a bar or shoal of reef debris with several dune-like ele-
vations of broken coral (figure 2). Davis (1942: 189) estimated that
more than one-third of the key was flooded by normal high tides and
that the sparse vegetation of herbaceous halophytes and scattered
small mangroves covered less than one-third of the area above high
tide. If allowance is made for apparent confusion of names in the
past (see Bush Key), it appears that Long Key has never been greatly
different. Gauld's chart of 1778-75 which shows a small island at
the north end of the bar and below it the notation "Ridge of rocks
almost dry and very steep, closely approximates present conditions.
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A few Least Terns occasionally nested on the higher sandbanks
at the north end of Long Key as late as 1948 (Sprunt, 1948c). Roseate
Terns have nested there from time to time, most recently in 1962
(Robertson, 1962). Some Sooties and Brown Noddies probably nested
there in 1982 and 1983 (Bartsch, 1982, 1983). In 1948 (Budlong, 1944
Ms.), 1952 (Moore and Dilley, 1958), 1956 (Robertson, 1956 MS,), and
perhaps in other years, many Sooties have tried to nest in rocky spots
between the dunes and farther south on Long Key, but because even
moderate storm waves wash over this section, the attempts are be-
lieved to have been largely unproductive.

Middle Ke!/ is shown on Gauld's chart as a fair-sized island, and the
map symbols indicate that it supported some vegetation at that time.
In 1875 (Coast Survey, 1878) Middle Key was still considerably larger
than it is now but without established vegetation. More recently the
key has existed only intermittently as a low strip of bare sand with
few or no plants.

Several pairs of Least Terns may have nested on Middle Key in
1947 (Sprunt, 1948a), and a small colony of Roseates nested there in
1958 (DeWeese, 1953 MS.), and possibly also in 1960. Gauld's name
for the island, "Bird Kay," suggests that it was once a more important
nesting locality.

North Key, Northeast Key, and Southwest Key all were barren sand
islands that had washed away by 1875 (Coast Survey, 1878). They
have shown no tendency to reappear, but the former location of
Southwest Key is marked on present charts as bare at low water. No
plants are recorded from any of these keys and no terns are known
to have nested on Southwest Key, which may never have been much
more than a high place in the reef. Northeast Key harbored a large
colony of Royal and Sandwich Terns in the late 1850's (Bryant,
1859a). The ohly definite reference to nesting on North Key seems
to be Holder's (1892: 155) mention of "a solitary gull's egg" (from
the context possibly a Sooty Tern egg) found on the bare summit of
a sand ridge. In addition, Bartsch (1919: 492-498) believed that the
island-about 8 miles northeast of Tortugas Lighthouse-"a small
sand-bar a few acres in extent, called Booby Island"-where Audu-
bon found large numbers of some species of Booby, was probably
North Key.
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SOOTY TERN

Appearance and behavior combine to make the Sooty Tern a con-
spicuous bird, and it has usually been the most abundant species in
the Tortugas terneries. Little wonder, then, that the crowded and
noisy breeding colonies of Sooties have claimed most of the attention
of observers who visited the Dry Tortugas.

Perhaps inevitably, much of the comment on the Sooty Tern at
the Dry Tortugas has centered on the question, how many? Early
ornithologists contented themselves with word pictures that suggest
merely large numbers of birds, but few 20th century authors have
failed to attempt a numerical reckoning of the size of the colony.
Their 8gures range in quality from guesses made after brief observa-
tion to estimates calculated from measurements of colony area and
density of nests. Table 2 shows what I consider the soundest figures
available for numbers of adult Sooties in each year of record from
1903 to 1956. Population figures for several of the years have had
an eventful history in the hands of compilers, and quantitative data
were found for a number of years previously thought to be gaps in
the record. With these corrections and additions the broad outline
of the history of the colony seems clear, though many details remain
obscure.

The Dry Tortugas ternery has been called 'The Oldest Bird Col-
ony (Peterson, 1950) on the assumption that its known history reach-
es back to the discovery of the area in 1518. It is reasonable to sup-
pose that the "other birds" of Herrrera's statement (Davis, 1985),
"... there were killed many pelicans and other birds that amounted
to five thousand...", included Sooty Terns. The accounts of other
early visitors, such as John Hawkins (Longstreet, 1986a), and much
later ones, such as George Gauld (1796), contain similar imprecise
allusions to the abundance of sea.fowl at the Dry Tortugas. No cer-
tain record of any tern is known for the area, however, prior to Audu-
bon's visit in May 1882.

RECORD OF NESTING

1832. Audubon (1835: 268-269) reported Sooties breeding in great
numbers on Bird Key and Noddies breeding on Bush Key. His
account shows that both colonies were then being heavily exploited
as a source of food. Besides several references to the killing of adult
birds and the gathering of eggs it includes the following:

"At Bird Key we found a party of Spanish Eggers from Havannah.
They had already laid in a cargo of about eight tons of the eggs of
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TABLE 2. BREEDING POPULATIONS OF SOOTY TERNS AT THE DRY TORTUGAS

Number
Year of Method Reference

Adults

1908 5000 Estimate Burton (in Dutcher, 1904)
1907 18;858 Area x Density Watson (1908)
1909 40,000 Estimate Peacon (1909 ms.)
1911 48,000 Estimate Peacon (1911 ms.)
1912 48,000 Estimate Peacon (1912 ms.)
1918 80,000 Estimate Peacon (1918 ms.)
1914 97,500 Estimate Peacon (1914. ms.)
1915 102,000 Estimate Ashe and Bethel (1915 ms.)
1916 66,000 Estimate Bethel (1916 ms.)
1917 80,000 Estimate Ashe (in Pearson, 1917)
1918 100,000 Estimate Ashe (in Pearson, 1918)
1919 110,000 Estimate Ashe (1919 ms.)
1929 80,000 Estimate Park (ms. notes)
1935 30,000 Estimate Mason (I986)
1986 40,000 Estimate Doe and Russell (1986)
1937 72,000 Area x Density Longstreet (1987)
1938 64,057 Area x Density Beard (1988)

Direct Count
1939 70,000 Estimate Robinson (1989)
1940 100,000 Estimate Robinson (1940)
1941 100,000 Estimate Peterson (1950)
1942 65,000 Estimate Budlong (in Vinten, 1943)
1943 100,000 Estimate Budlong (1943 ms:)
1944 180,000 Estimate Vinten (in titt:)
1945 109,000 Area x Density Sprunt (1946a)
1946 97,200 Area x Density Sprunt (19466)
1947 64,276 Area x Density Sprunt (1947a)

Direct Count
1948 104,000 Area x Density Sprunt (19480)
1949 120,220 Area x Density Dilley (1950)
1950 190,876 Area x Density Moore and Dilley (1958)
1951 167,770 Area x Density Moore and Dilley (1958)
1952 76826 Area x Density Moore and Dilley (1958)
1953 84,569 Area x Density Moore (1954 ms.)
1954 88,776 Area x Density Moore (1954 ms.)
1955 71,102 Area x Density Moore (1955 ms.)
1956 90,452 Area x Density Robertson (1956 ms.)

Direct Count
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this Tem and the Noddy. On asking them how many they supposed
they had, they answered that they never counted them, even while
selling them, but disposed of them at seventy-five cents per gallon;
and that one turn to market sometimes produced upwards of two
hundred dollars, while it took only a week to sail backwards and
forwards and collect their cargo. Some eggers, who now and then
come from Key West, sell their eggs at twelve and a half cents the
dozen; but wherever these eggs are carried, they must soon be dis-
posed of and eaten, for they become putrid in a few weeks."

Sprunt (1948b:8) points out that Audubon's account contains
nothing definite about  the number of terns. Despite this, later writers
almost without exception have supposed that Audubon found Sooty
Terns in far greater numbers than were ever seen again at the Dry
Tortugas. The statement, "both species were on their respective
breeding-grounds by millions," has been cited both as evidence of
former abundance and as typical of Audubon's bent for extravagant
language. Although attributed to Audubon, in fact it is only re-
ported by him as the remark of an omcer of the Marion, made as the
ship approached Dry Tortugas and before Audubon had seen the
tem colony.

Peterson (1950: 818) used one of the statistics of the Cuban egg
trade cited above to obtain an estimate of the number of terns in the

«colony in 1882. He wrote: A sooty's egg weighs about thirty grams,
or about fifteen eggs to the pound. Eight tons would come to about
240,000 eggs. As sooties and noddies normally lay but one egg this
shows irrefutably that the concentration. was far larger than it is
now." A repetition of the exercise (Peterson and Fisher, 1955: 142)
arrived at an estimate of about 250,000.

Had Audubon mentioned no other statistics, this ingenious reason-
ing might indeed be difficult to dispute. The eggers who spoke of
an eight-ton cargo, however, also told Audubon that they sometime5
realized "upwards of two hundred dollars" per trip to market. If
this is interpreted to have been as much as $250, the 250,000-egg
cargo was sold at ten for a penny. This seems too good a bargain
in eggs even for 1882, especially as the price in Key West is given as
"twelve and a half cents the dozen."

The Sooty Tem population can also be estimated on the basis of
a return of $250 per successful trip and the stated Havana price of
"seventy-five cents per gallon, if the latter is taken to mean fluid egg
contents. Worth (1940: 56) calculated the volume of a Sooty Tern
egg as 1.95 cubic inches or about I18 eggs to the standard gallon.
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At 75 cents per gallon a $250 cargo would amount to about 884 gal-
lons, therefore equalling about 89,412 eggs.

Some or all of Audubon's statistical. information about egging evi-
dently is inexact. Attempts to derive a pepulation estimate from
any of the details he gives seem unwarranted.

The question of the size of the colony in 1882 can be approached
by considering the number of nests Bird Key could accommodate.
Although Sooty Terns nest in dense aggregations, a limit of colony
compressibility exists. Watson (1908: 200) wrote of Sooties nesting
on Bird Key in 1907: "Each pair ... defended a circular territory
roughly 14 inches to two feet in diameter." If the smaller figure is
taken to represent maximum density of nesting observed by Watson,
then the minimum area of the territory of a nesting Sooty was 154
square inches and the maximum density of nesting about 8.4 nests
per square yard.

Detailed observations of the density of nesting of Sooty Terns on
Bush Key were made in 1958-56 on 20 to 80 plots each of 8 square
yards distributed throughout the parts of the island judged suitable
for nesting. The largest numbef of eggs laid on a plot was 56 (7.00
square yard) on one plot in 1954. Field maps show four instances
in which 10 eggs occurred in areas of one square yard within the
larger plots. In each case, however, some were located at the edges,
and no one square yard area appears to contain 10  entire territories.
The average number of eggs per square· yard for all occupied plots
and the number of plots that contained one or more eggs were:
1953-8.00 per square yard (14 plots), 1954-8.12 (21), 1955-2.1
(26) (Moore I954 ms., 1955 ms.); and 1956-2.58 (20) (Robertson, 1956
ms.).

Measured nesting densities reported for other Sooty Tern colohies
are mostly similar to or lower than those found on Bush Key. Data
for two breeding seasons on Ascension Island (Ashmole, 1963a: 809),
for example, show maximum densities (on plots of 25 square yards
area) of 5.28 and 5.00 eggs per square yard; average densities for all
plots occupied of 1.95 and 2.00 eggs per square yard.

The 1958-56 data from Bush Key suggest that 10 nests per square
yard is about the maximum density breeding Sooties will tolerate.
Few colonies are this crowded, except locally, because vegetation
or terrain limit the number of acceptable nest sites. Nesting Sooties
ordinarily avoid areas with dense shrubbery or heavy herbaceous
ground cover. Ashmole (1968a) found that nests also were fewer
on featureless bare ground deficient in the local clues that enable
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a bird to return to the proper egg. The Tortugas ternery, however,
lacks extensive bare areas.

From the Tatnall-Gednery survey Bird Key is known to have had
an area of about 4% acres (21,780 square yards) in 1829. Assuming
for the moment that the Sooty Tern colony occupied its entire sur-
face, an average density of 11.5 nests per square yard Would be nec-
essary to accommodate 250,000 nests. Parts of Bird Key, however,
were thickly covered with bay cedar bushes in the 19th century.
Photographs taken much later, after the hurricane of 1910 had great-
ly reduced the amount of plant cover (e.g., Bartsch, 1919: Plate 18),
show large areas still not available t6 nesting Sooties because of the
dense bush growth. Therefore, I think it unlikely that the maximum
breeding population of Sooty Terns on Bird Key much exceeded
50,000 pairs.

Audubon's manner of reference to his visit to Bird Key suggests
that he saw tremendous numbers of Sooty Terns. A large subjective
element, however, seemingly must be allowed in Verbal descriptions
of 8rst visits to Sooty Tern colonies. When Herbert K. Job saw the
Bird Key ternery at its lowest ebb in 1908 he wrote (1905: 87) of the
Sooties: «There are such clouds of them that accurately to estimate
their numbers was impossible ..." This language also could be
taken to indicate great abundance were it not for the rest of the Rev-
erend Job's sentence which reads: "'. . . but my guess of six or eight
thousand I think cannot be far out of the way."

It seems characteristic of moderns to suppose that Audubon saw
all bird concentrations in their pristine glory. However true this may
have been of many places he visited, it does not apply in the case
of the Dry Tortugas. Bird Key was adjacent to a fine anchorage,
itself adjacent to a major shipping lane that had been used for more
than three centuries. That there were no accurate charts before
Gauld's survey of the 1770's can scarcely have deterred mariners
from using Tortugas harbof. Audubon was told that the terns had
frequented Tortugas "since the oldest wrecker on that coast can
recollect." It is altogether likely that the ternery was first disturbed
on the day of its discovery, and as often thereafter as ships put in to
Tortugas in appropriate season. The most that can be assumed is
that exploitation up to about 1882 had been infrequent enough to
permit the Sooties to rear young in most years.

1840-1902. Although much of this period was. marked by intensive
human activity at the Dry Tortugas, the record of the tern colonies
in the 19th century after Audubon's visit is limited to observations
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by Bryant (1859a), Wurdemann (1861), Maynard (1881), and Scott
(1890). Comments by the first three of these authors are brief. Scott
discusses the Dry Tortugas in greater detail, but most of his in-
formation about terns is hearsay, because the colonies were not
active at the dates of his visit, 19 March to 10 April 1890.

Data accompanying bird specimens from the Dry Tortugas in
several collections show that other ornithologists may have visited the
tern colonies during this period, but left little or no published record
of their observations. One such visit was by A. L. Heermann and
John Krider, probably in May 1848. Howell (1932: 13) mentions this
expedition but does not include the Dry Tortugas among the places
visited. Heermann (1858: 34), however, lists eggs of the Sooty Tern
and Brown Noddy from "Tortugas Islands" presented by him to the
oological collection of the Academy of Natural Sciences of Philadel-
phia. At least a part of this material (ANSP Catalogue Nos. 32055,
32060, and 32061) is still in the collection (Henry M. Stevenson, in
litt.) The specimens bear no date, but H6ermann is known to have
visited F16rida only once. In the book in which John Krider sum-
marized his career, including "only those species of birds of the
United States that I have myself collected and mounted", he refers
to the Sooty Tern as follows (1879: 81) : "Common on the Keys of
Florida and the Tortugas, where it breeds in large numbers. I have
two specimens in my collection.

The two main items to be gleaned from the later 19th century
papers are: Sooties and Noddies then nested on East Key as well
as Bird Key, and the colonies were under increasing pressure from
eggers.

Dr. Henry Bryant traveled and collected extensively in Florida
in the decade 1850-1860, but his obituary in the Annual Report of the
Boston Society of Natural History for 1867 gives no details of his
work in Florida, and little seems to be recorded elsewhere. All that
ha-s been known of his visit to Dry Tortugas is that he was there 6n
8 May. Data on bird specimens he collected now in the Museum of
Comparative Zoology (David O. Hill, in litt.) suggest that the year
was 1850. Two Sboty Terns (MCZ Catalogue Nos. 42097 and 42099)
carry the dates 10 May and 11 May, respectively, with no year; a
Great White Heron (MCZ No. 42584) he collected at Sand Key off
Key West, however, places Bryant near the Tortugas on 16 April
1850. His visit there can have occurred no later than the 1858 nest-
ing season, because on 19 April 1854 he donated his collection of
birds' eggs from Florida, including eggs of the Sooty and Noddy to
the Boston Society of Natural History. His own account of his visit
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(1859a: 19-21) states merely that he found Sooties and Noddies nest-
ing principally on East Key and "in as great numbers as at the time of
Audubon," and that Royal and Sandwich Terns were breeding "in
great numbers on Northeast Key. In a paper on Bahaman birds
(1859b: 184) he remarks that Sooties and Noddies occur there "in
immense numbers, as at the Tortugas.

Gustavus Wurdemann (1861: 426) described his visit to the Tor-
tugas the last week of June 1857 in a letter that accompanied a ship-
ment of bird specimens to the Smithsonian, published two years after
his death in 1859. *At the Tortugas are two keys or islands, East
Key and Bird Key, which serve as places of resort to the noddies and
laying gulls to deposit their eggs and raise their young. They are
watched closely at East Key by boatmen, who gather the eggs to
carry them to Key West for sale . But at Bird Key the birds are
under special protection of Captain D. P. Woodbury, the ofRcer
in charge of construction of the fortifications.... The keys are
covered with Bay cedar bushes seven or eight feet in height, inter-
spersed here and there with the cactus, among which some young
laying gulls sought refuge. Their eggs are laid on the sand, whilst
the noddies lay in nests built from two to six feet from the ground
of dried sticks or twigs. Only one egg was found in each noddie's
nest, and about two in the laying gull's. Their eggs are said to have
been taken some time previous to our visit, and that they lay usually
two or three. I picked up several female laying gulls with my
hands, and might have caught noddies if I had not been encumbered
with the gun, birds, and eggs. No young noddies were seen at this
time, which was the last week of June. ... Other specimens in
the National Museum (Deignan, in litt.) and a Sooty Tern in the
Museum of Comparative Zoology he took there 10 June 1858 (Hill,
in litt.) show Wurdemann also visited the Tortugas the next year.

C. J. Maynard never visited the Dry Tortugas in person. As
Howell (1982: 16) notes "In 1874 he worked at Cedar Keys from
January 26 to March 1. From there, in a small yacht he went down
the coast as far as Clearwater, but from that point he was obliged
to return home on account of illness, leaving his assistants to com-
plete the trip, which took them as far as the Tortugas." This may
partly explain the several geographical and historical inaccuracies
in his account (1881: 480): -The Sooty Terns are now only found in
any numbers on the small islands which lie to the southward [sic]
of Key West and which are known as the Dry Tortugas. Here they
breed on Bird Key which is about four miles [sic] from Fort.Jeffer-
son, depositing their eggs early in May. The birds are extremely
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tame when nesting, insomuch so, that they may be killed with sticks
or even caught with the hand, and they deposit the eggs on the naked
sand. There were thousands of these birds on this  little key in 1874,
but as the soldiers of Fort Jefferson had been in the habit of taking
the eggs regularly every other day, but few or no young were raised.
The officer who had command of the fort, prohibited shooting the
birds On the island, but the continual robbing of the eggs must ulti-
mately drive the Sooty Terns from this breeding ground.

The actual date of Maynard's assistants' visit is indicated by a
Sooty Tern in the Museum of Comparative Zoology (No. 204310,
Hill, in litt.) taken there 25 May 1874, though no collector is named.
The account contains no first-hand comment on the Noddy, nor does
it mention East Key, which lay approximately 4 miles from Fort
Jefferson. Regarding the comments on egging by soldiers in the
area, the Fort Jefferson ,garrison had been withdrawn 11 January
1874, leaving only a small detail to guard ordnance stores and a
much reduced construction crew engaged mainly in closing down
the operation (Manucy, 1961 MS.). In addition, Captain Woodbury,
the only commanding officer known to have shown an interest in
protecting the tern colony, had left the Dry Tortugas in 1860 and
died in Key West of yellow fever 15 August 1864 (Cullum, 1891:
496-497; Manucy, 1961 MS.). It seems likely that the report Maynard
received from his assistants in 1874 blended considerable hearsay
with their actual observations.

Most of W. E. D. Scott's information about nesting terns was
sent to him after his return from the Dry Tortugas by Dr. F. S.
Goodman, who was stationed at the Quarantine Station on Garden
Key. Scott reports (1890: 807) Sooties nesting on East Key and Bird
Key, and Noddies "mainly confined" to Bird Key, but his comments
on egging are of greatest interest: "All of the Gulls and Terns that
breed at the Dry Tortugas have been much diminished in numbers
in the past ten years. It has always been the custom for some of
the boats engaged in fishing and sponging about Key West to resort
to these islands during the breeding season, and lately their depreda-
tions have really made a very appreciable difference in the birds
that resort to this breeding ground. I am told that the eggs have a
commercial value as an article of food in the markets of Key West,
where barrels of birds' eggs from the Tortugas are brought every
season of late years.

Vinten (1943: 54) suggests that search of the records of govern-
ment agencies that had maintained operations at the Dry Tortugas
might reveal additional data about the tern population during this
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period. Though most of the search of the voluminous Army archives
of Fort Jefferson remains to be accomplished, the studies of historians
show these archives do indeed contain information pertinent to the
history of the ternery. Albert Manucy (in litt.) advises me that among
records he examined he recalls having seen correspondence relating
to the visit of Louis Agassiz to the Dry Tortugas in I858, and that
the Fort Jefferson Letter Books include such items as a letter from
Mordecai and Co. to Woodbury on 8 May 1859 concerning ship-
ment of Woodbury's bird specimens to the Smithsonian Institution.

The historical records Manucy (1961 MS.) studied suggest Bird
Key suffered even more disturbance than the authors of ornithologi-
cal works on the Dry Tortugas have appreciated. Shortly after war
began in 1861, for instance, concern for the safety of Fort Jefferson,
still unBnished and weakly armed, led to the appropriation early in
1862 of $200,060 to fortify Bird Key. The preliminary survey, in-
cluding extensive borings to determine subsoil structure, was de-
layed by personnel changes and slow delivery of materials, and was
not C0mpleted until the spring of 1864. The project then seems to
have lapsed, but it can hardly have failed to disrupt the terns attempt-
ing to nest during the survey.

Manucy also cites a letter of 18 July 1865 to the Post Commandant
from Edward Frost, Assistant Engineer in Charge, complaining of
the removal of a number of hogs "from their ranging ground on Long
Key to Bird Key" which contained «the scattered graves of many
Union Soldiers who have died at this Post during the war." Whether
or not the hogs were returned to Long Key seems to be unrecorded.
Most probably the Sooty Terns failed to rear young at the Dry Tor-
tugas in most of the years from 1860 to the early 1870's when Fort
Jefferson was heayily garrisoned. This loss of annual recruitment
plus an undoubtedly heavy mortality of adults must have reduced
the population rapidly.

Little definite information about the ternery exists for the years
1890-1908. It may be presumed that the colony was raided regularly
by eggers, and that some time in this period Sooty Terns nested for
the last time on East Key. J. W. Atkins, a well-known resident col-
lector of Key West, collected specimens now in the Museum of Com-
parative Zoology at the Dry Tortugas in May 1896, but no other
record of his trip is known. A. G. Mayer visited Bird Key in 1898,
but the Only datum published (in Dutcher, 1906) is his impression
that Sooties were then about one-third as numerous as at his next
visit in 1906.
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With the outbreak of the Spanish-American War, Fort Jefferson
was garrisoned once more from 1898 until ab6ut 1906. In 1900 the
Dry Tortugas were transferred to the Navy Department and con-
struction of a coaling depot at Garden Key began.

Sprunt (1948b: 9) suggests that the renewed military activity at
Fort Jefferson probably put additional pressure on the tern colony.
The Navy at the command level was aware of the need to protect
Bird Key, for a letter from Captain T. C. Treadwell quoted by Dutch-
er (1908:120,121) states Treadwell ordered egging stopped soon after
he assumed command of the U. S. Naval Station, Key West, in June
1901. Unfortunately orders from Key West were not altogether ef-
fective at the Dry Tortugas, for according to Thompson (1903: 77-78)

"the terns suffered very seriously from eggers in 1902. Thompson
adds, presumably with reference to the recent past and to both
Sooties and Noddies: "There have been years when not a single
individual was raised, every egg having been taken shortly after it
was laid."

Thanks to William Dutcher's untiring efforts sterner measures to
protect Bird Key followed in 1908. The Secretary of the Navy issued
an order on 24 April prohibiting the taking of eggs or disturbing of
terns at Dry Tortugas, and in May W. R. Burton was detailed there
as a special warden representing the American Ornithologists' Union
with the permission and logistical support of the Navy (Dutchet,
1904). Burton arrived at Bird Key accompanied by H. K. Job 19 May
1903. The modern history of the ternery can fairly be said to begin
on that date.

1903. Four estimates of the Sooty Tern population in 1908 are avail-
able from the published comments of the original observers. They
are: «8600" by Job and Burton inade before Job returned to Key
West on 22 May; "at least 5000" by Burton in a letter to Dutcher
dated 15 July 1908, the increase accounted for by birds that began
nesting after Job's departure; "five to six thousand- by Job ih a letter
to Dutcher (all three Bgures published in Dutcher, 1904); and, "six
or eight thousand" (Job, 1905: 87). The context of the accounts sug-
gests that the figures refer to number of adult Sooties rather than
number of nests, but nowhere is this clearly stated. Compilers have
given the 1908 populatien as 8600 (Longstreet, 1936a; Vinten, 1948;
Sprunt, 1947b; Peterson 1950), 6-8000 (Sprunt, 1948b), ·and "about
7000 nests" (Fisher and Lockley, 1954: 60; Peterson and Fisher, 1955:
142). The figures, where identified, are in all cases credited to Job.
I consider the warden's Rgure of 5,000, based upon observation of the
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colony through the entire nesting season, to be the soundest estimate
available.

I have found no record of the condition of the colony in 1904
and no estimates of the population for the seasons of 1904 through
1906. Charles Russell, the warden in 1905, reported "a very success-
ful season" (Dutcher, 1905). After visiting the colony in 1906 A. G.
Mayer informed Dutcher (Dutcher, 1906) that the Sooties appeared
to be three times as numerous as they were in 1898.

1907 . John B. Watson began his studies of the tern colony in 1907
and also served as the warden of the National Association of Audubon
Societies f6r that season. In addition to his other work Watson made
a careful estiniate of the nesting population of Sooties. He divided
the colony into 10 sections presumably distinguished by conspicuous
features of vegetation or terrain. By determining the area and sam-
pling the density of distribution of nests within each section, he ar-
rived at an estimated 9,429 nests or 18,858 breeding adults (Watson,
1908; 198).

1908. Most summaries of the changes in size of the Tortugas Sooty
Tern population include an estimate of 20,000 (or 10,000 nests) as the
population in 1908. All authors who cite an auth6rity credit this
figure to Watson who, according to the Carnegie annual reports, was
not at the Dry Tortugas in 1908 or 1909. The earliest reference I
Bnd to it is Lashley's (1915: 61) statement that Sooty Tern nests to-
talled "more than 10,000 in 1908," with no mention of the source
of his information. I have omitted the figure from table 2 because
I can Rnd no authority for it.

1909-1916. On 6 April 1908 Executive Order No. 779 of President
Theodore Roosevelt established the. Tortugas Keys Reservation for
protection of birds nesting in the area. The order specified that use
as a bird reservation was not to interfere with military uses (under
President Polk's Executive Order of 17 September 1845 establishing
the Dry Tortugas Military Reservation) except that military use of
Bird Key was prohibited. Protection of the Tortuga5 Keys Reserva-
tion became the responsibility of the Bureau of Biological Survey.

After 1908 warden protection at the Dry Tortugas was supported
jointly by the Bioldgical Survey and the National Association of Au-
dubon Societies. T. J. Ashe of Key West, who was in general charge
of bird protection activities in the Florida Keys during most of the
ensuing decade, hired and supervised the men stationed at Bird Key.
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These were John Peacon (1909-1914), Ludwig Bethel (1915-1916), and
William E, Lowe (1917-1919). Warden's reports on the condition
and size of the tern colony were made annually to both supporting
organizations. From the annual reports to the Biological Survey I
have seen only the data entered in the bird distribution file now at
Patuxent Wildlife Research Center of the Bureau of Sport Fisheries
and Wildlife.

The annual reports to the National Association of Audubon So-
cieties for this period are still in the files of that organization. Some
were prepared by Ashe and submitted in his name; others seem to
have been prepared by his wardens at Bird Key. They include esti-
mates of the population of Sooties in all the years 1909 through 1916
except 1910. Watson apparently prepared the 1910 rep6rt for Bird-
Lore, but it was not published and has beeh lost. This is unfortunate
because comments in a later report (Watson, 1912 MS.) indicate he
made the 1910 count of Sooties by the same method he used in 1907.

Previous summaries of the colony include no mention of Sooty
Terns in these years, but skip directly from the questionable 1908
8gure to 1917. In addition to the annual warden's reports, several
published comments for this period have been generally overlooked.
Of the population in 1913 Watson and Lashley (1915: 88) wrote:
"There are probably more than 18,000 (possibly 80,000) sooties on
Bird Key." On 28 May 1915 Herbert K. Job and H. R. Mills visited
Bird Key to take motion pictures for the National Association of Au-
dubon Societies. A brief excerpt published from Job's report (Pear-
son, 1915) gives the number of Sooties as -possibly 75,000." Pearson
also prepared a longer article about this trip (1915 Ms.), evidently
copy for Bird-Lore that wasn't used, which quotes more extensively
from Job. It reveals that the 75,000 population figure was based on
area-density calculations by Mills. Because these calculations con-
tain obvious inaccuracies impossible to resolve today, I have used
the 1915 population estimate from the warden's report in table 2.

1917 . According to Warden T. J. Ashe's annual report (Pearson,
1917: 398) "... there were probably 80,000 of these birds [Sooty
Terns] nesting on the island." This figure has been overlooked by
compilers, who instead have misquoted the 1917 population of Sooties
from Bartsch as -18,000" (Longstreet, 1936a; Fisher and Lockley,
1954) or "25,000" (Vinten, 1943; Sprunt, 1947b, 1948b). Bartsch's list
of the birds seen at the Dry Tortugas 19-31 July 1917 (1919: 471) in-
cludes under Sooty Tem "adult 1IB,000 young 27,200." The figures
are keyed to footnotes that read: -1Based upon Doctor Watson's cen-
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sus of 1908.", and "2An estimate admitting two-fifths as many off-
spring as we had parents." Bartsch also (1919: 473) wrote of the

4,Sooties: . . . probably more than 25,000 are present on Bird Key
at the close of the breeding season." Apparently Bartsch made no
independent estimate of the Sooty Tern population in 1917; the-
Bgure 18,000 is an approximation of Watson's total for 1907 (not 1908)
and the "more than 25,000" is merely 18,000 adults plus Bartsch's
arbitrary 0gure for young of the year.

1918-1934. None of the earlier compilations mentions these years.
I have seen warden's reports only for 1918 and 1919. A Federal law
effective 1 July 1919 ended the National Association of Audubon
Societies' participation in the protection of Bird Key (Pearson, 1919).
The Biological Survey continued to employ a warden at the Dry Tor-
tugas during the summer at least through 1930, but no wardens' re-
ports can be located in the files now stored at Patuxent Wildlife
Research Centef (Robbins, in litt.), and the distribution files contain
only the warden's estimate of the Sooty Tern population in 1929
(Park, Ms. notes).

Several popular articles published in the 1920's refer in passing
to the number of terns at the Dry Tortugas. England (1928: 86) men-
tions a population of 50,000, and a photograph in an article by Long-
ley (1927: 66) is captioned: "The west shore of Bird Key showing
some of the 83,000 birds that breed here annually. These 8gures
are not considered bona #de population estimates. Neither can be
associated with a definite year, and the 88,000 is suspiciously near
Bartsch's (1919: 471) total of 82,810 for all the birds (19 species) he
identified at the Dry Tortugas in July 1917.

Bartsch visited Bird Key several times during the 1920's and in
August of 1931, 1982, and 1938. Existing records of his trips contain
no reference to the t6tal numbers of Sooty Terns. The brief published
accounts of the later visits (Bartsch, 1981, 1982, 1983) have great in-
terest because Bird Key was then eroding rapidly. In 1982 Bartsch
noted that a few Sooties were nesting on Bush [Long] Key. The
following year he reported (1988: 267) that more than half the popu-
lation had left Bird Key and "It is beginning to look as if the major
portion would eventually establish itself on Long [Bush] Key." C. C.
Von Paulsen of Homestead, Florida, then an officer of the U. S.
Coast Guard, visited the Dry Tortugas frequently ,in the years 1982-
1984. As he remembers it (personal communication) a substantial
part of the Sooties nested on Bird Key in 1983 and smaller numbers
remained there in 1984.
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From the scant information available it appears that the tern
colony mayhave been without warden protection in the early 1980's.
Charles I. Park, the last Bird Key warden and now a resident of Key
West, wrote me in a letter 14 December 1959: «As well as I can
remember, I served as warden in the Tortugas area from 1929
through the summer of 1984, a total of six years." As G. A. England
(1928: 14) refers to Charles Park as the Bird Key warden during his
visit there the 5ummer of 1926 or 1927, apparently Mr. Park began
his six years of service two or three years earlier than he recollects.
Others who knew the Dry Tortugas in the early 19309 do not recall
a warden in the area during those years (Julius F. Stone, Jr,, Charles
M. Brookfield, and C. C. Von Paulsen, personal' communications).

Absence of warden protection would explain the apparently well-
founded rumors that the early depression years saw a vigorous re-
newal of egging at the Dry Tortugas. It seems likely that protection
of the ternery at least was less vigilant in the nesting seasons of 1931
through 1934, although Sooties are known to have succeeded in rear-
ing many young in some of these years (Bartsch, 1932).

The National Park Service assumed administrative responsibility
for the Dry Tortugas early in 1935. Mason (1936: 18) mentions that
the Custodian of Fort Jefferson turned away many boat parties from
Key West that came to gather eggs on Bush Key in the spring of
1985. Correspondence in National Park Service files suggests that
the colony was raided late in the 1935 season and a number of young
birds taken. Protection of the colony by the National Park Service
probably was not fully effective until the nesting season of 1986.

From 1935 through 1941 one or tw6 groups of observefs visited the
Dry Tortugas each June on trips sponsored by the Florida Audubon
Society; The visits were brief, each group spending from two to
five days at the Tortugas. Adult and young terns were banded in
1937 through 1941, and the published accounts of all the trips, except
that of 1941, include estimates of the number of Sooty Terns. In
1987 and 1938 many Sooties nested along the east side of Garden
Key (figures 5 and 6) as well as on Bush Key.

1935. The population figure in table 2 is an average of estimates by
members of the party (Mason, 1986). Some thought as many as
50,000 Sooties were present.

1936. Doe and Russell (1986: 6-7) state of the published population
estimate: "It was the general opinion of those who had been on the
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" Masontrip in 1985 that the tern colony had increased one-third.
(Ms. notes) entered an estimate of 48,000 in his field notes with the

.comment that he considered it very conservative because the nest-
ing colony of Sooties covered a much larger area on Bush Key than
it had in 1985.
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FIGURE 5. Portion of the Sooty Tern colony on the east side of Garden Key in
1987: (top) June; and, (bottom) August, showing many well-grown juveniles.
(National Park Service photographs by Philip C. Puderer.)
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1937. The colony was said to occupy an arer of 8000 square yards
on Garden Key and 4000 square yards on Bush Key. From this area

"and a nesting density of about six sooties to the square yard, de-
.'termined from one sample plot of 9 square yards in a typical sec-

tion" of the Garden Key colony, Longstreet (1987: 8) calculated a
total of -72,000 [adult Sooties] actually present at one time." Though
72,000 birds present at one time would represent a total of 144,000
breeding adults by the usual methods of reckoning, Longstreet (1987:
8) continued: "It would seem not far wrong to calculate the number
of adult sooty terns at the Tortugas in June 1987, as approximating
100,000. This would be a tremendous increase over any previous
estimates, and for that reason may be seriously in error. But, at any
rate, it is an estimate based on actual count of birds in a given area,
multiplied by the number of times that area is found in the total area
occupied by the birds." All summaries of the history of the Tortugas
Sooty Tern population have cited the 1937 population as 100,000
from this source. Russell (1988 MS.) also "estimated the number of
Sooties to exceed 100,000."

Other observers appear to have considered this estimate too high.
Young and Dickinson (1937) believed that Bush Key had no more
than 20,000 Sooties, and Mason (MS. notes) recorded an estimate of
75,000 for the total adult population. Longstreet (1987: 7) includes
a photograph, taken from the terreplein of Fort Jefferson, of the
sample plot on which the figure for density of nesting was based.
The picture shows most of the Sooties are either incubating or brood-
ing small young, and hence distributed one adult per territory. Be-
cause of the angle it is not possible to tell exactly how many Sooties
are on nests within the 9 square yard plot, but the number is 20 to
80, certainly not 54. Thus, Longstreet's figure of 6 birds per square
yard is apparently based on a nesting density 6f about 8 nests per
square yard with allowance for the absent member of each pair.
Accordingly, 72,000 is considered the soundest estimate of the breed-
ing population of adult Sooties in 1937.

1938. This year Sooty Terns again nested on both Garden (figure 6)
and Bush Keys, but the colony divided more equally between the
two. Considerable effort was devoted to careful measurements of
areas occupied and nest densities on both keys, and the resulting es-
timate (Beard, 1988) is undoubtedly one of the more accurate of
the population Bgures for adult Sooties in the Tortugas ternery. Di-
rect counts of nests on the coaling docks (figure 6a) and in small,
irregular patche5 of dense vegetation on Garden Key totalled 8950.
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FIGERE 6. Sooty Tern colony on Garden Key in 1988: (top) Sooties nesting on
the north coaling dock; (bottom) another section of the colony early in the season.
Bush Key in the background in both photos. (National Park Service photographs
by Daniel B. Beard.)
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The main open nesting areas occupied 5442 square yards on Garden
Key and 11,097 square yards on Bush Key; a measured sample of
276 square yards on Garden Key yielded an average nesting density
of 1.8 nests per square yard, which was taken as typical for both keys.
Nesting density in the more heavily vegetated parts of the Bush Key
colony was determined as 1.25 nests per square yard. Beard's (1988)
calculations contain a slight error in addition, and the correct total
is 64,057, not 64,058.

1939. The entire colony of Sooties nested on Bush Key this season.
O. B. Taylor (1989 MS.) was told by the Custodian that part of the
birds first settled on Garden Key in early May, but soon moved across
to Bush Key. Robinson (1939: 7) thought they abandoned Garden
Key because "most of the cover around the fort had been cut down
prior to the arrival of the terns this season." Though he speaks of
counting birds on "sample areas, Robinson probably arrived at his
population Bgure by calculating from approximations of the colony
area,and nesting density. As it is. not certain that any areas were
mea#ured, this and his 1940 fgure are c6nsidered simple estimates.
Vinten (1948) credits another estimate, also of 70,000 and perhaps
taken from Robinson, to James B. Felton, then Custodian of the fort.
Taylor (1989 Ms.) recorded an independent estimate of 65,000 adult
Sooties from his observations later in June 1989.

1940. A sketch of the colony (Robinson, 1940) shows that Sooties
occupied most of Bush Key except the eastern sandspit, as they had in
1989. The accompanying text reads: "At first it did not seem that
there were quite as many sooty terns as last year, but a complete
tour of the key revealed that there were more than we expected.
The same method was employed to estimate the number of birds as
last year, and our figures show that there were 100,000 sooty terns
in the colony. Just how this was calculated he does .not say.

1941. The published report of the trip (Rea, Kyle, and Stimson,
1941) included no estimate of the number of Sooties, but R. T. Peter-
son, who accompanied the second of the tWo parties, wrote (1950:
818): "On our visit in 1941 we hardly dared estimate the number
exactly, but it was well over the 100,000 mark."

1942-1944. Information for these years comes from the official re-
ports of Custodian Robert R. Budlong. As he was unable to spend
much time observing the colony, his comments on numbers and popu-
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lation trends must be viewed as impressions rather than careful esti-
mates. Military aircraft were active in the Dry Tortugas area during
this period. Budlong (1942 MS.) comments that the tern colony was
frequently disturbed by low-f[ying planes in 1942. The report of
the A.O.U. Committee on Bird Protection for 1948 (Allen, 1944: 629)
states: "Unauthorized use of Bird Key [sic], Fort JefEerson National
Monument, as a bombing target by unidentified aircraft late in 1942
resulted in a fire that burned all vegetation. This and several less
injurious acts of similar nature have been the subject of protests to
the several military and naval establishments. Fortunately, the Bre
occurred outside the nesting season, but the island will not be usable
by the Sooty and Noddy Terns until it is revegetated." The comments
presumably apply to Bush Key. Burning of the vegetation is not
likely to have discouraged Sooty Tern nesting but it may well have
affected the Noddies.

In 1942 Budlong (1942 MS.) stated the colony had decreased about
one-third and estimated the number of Sooties at 60-70,000, all on
Bush Key. Vinten's (1948) statement of the figure as 65,000 has been
followed. In 1943 Budlong (1943 MS.) considered the population to
have shown a 50 per cent increase to "about 100,000.- In 1944 the
Sooties abandoned Long Key, the east spit of Bush Key, and several
large areas on Bush Key proper, all used heavily in 1948, but Bud-
long (1944 MS.) believed there were "as many or more Sooties in the
colony" as in 1943. At the end of the seas-on Vinten (in litt. to Re-
gional Director, U. S. Fish and Wildlife Service, Atlanta, Ga.) com-
mented: "About 130,000 birds nested there during the past summer."

1945-1948. Data for these years are quoted from the reports of Alex-
ander Sprunt, Jr., who ,made annual trips to the colony in June and
determined the size of the adult Sooty population each year by an
area X density method. While he paid careful attention to the space
the colony occupied, just how he measured the average nesting den-
sities ish't always clear. In 1945 he appears to have used those de-
termined by Beard (1988), about 1.8 nests per square yard in open
areas and 1.25 in more heavily vegetated sections. The other years
he determined separate nesting densities for each section of the col.
6ny that appeared to differ materially, but he gives sizes of the areas
sampled and counts of nests in each only for Bush Key in 1946
(1946b: 5).

Sprunt also described the r6markable spread of vegetation on Bush
Key in this period and its effect on the location and density 6f the
nesting Sooties. He records the space the colony occupied on Bush
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Key in 1945 as 84,000 square yards (1946a), in 1946 as 27,200 square
yards (1946b), and in 1947 as about 7,000 square yards (1947a). In
1947 some of the colony nested on Garden Key again as they did in
1987 and 1988. In 1948 the entire colony again located on Bush Key;
the vegetation was still luxuriant, but the Sooties dispersed more
thinly over an area of 52,000 square yards (19480).

1949-1956. Population estimates for these years were made by per-
sonnel of Everglades National Park. Willard E. Dilley, then Chief
Park Naturalist, worked at the Dry Tortugas in 1949 and 1950, and
he and Joseph C. Moore, then Park Biologist, Worked together there
in 1951. Moore continued the annual surveys through 1955. I made
the population estimate of 1956 following procedures established by
Moore. Results of the surveys of 1949 through 1952 have been pub-
lished; data for 1958 through 1956 are from typed reports in the
Everglades National Park files.

All population estimates were obtained by the usual area X den-
sity methods. Those of 1949 through 1951 were based upon separate,
determinations of area and density of nesting in a number of sub-
areas where the pattern of occupation by nesting Sooties seemed to
differ noticeably, essentially the same procedure folllowed by Sprunt,
Beard, and others back to Watson in 1907. The number of sub-areas
distinguished and measured separately was: 1949, 7; 1950, 22; and,
1951, 15. In 1952 Moore established 20 marked plots each of 8
square yards distributed throughout the parts of Bush Key consid-
ered to be available to nesting Sooties. Data on density of nesting
used in calculating the Sooty Tern populations of 1952 and 1958 were
taken from these plots, and data for 1954 through 1956 were taken
from these plots plus 10 additional plots Moore established in 1954.

In 1951, 1952, and 1956 numbers of Sooties nested among rough
coral rubble at low sites on Long Key. Moore and Dilley (Moore,
MS. notes) estimated 455 adult Sooties nesting on Long Key in 1951,
and in 1952 Moore (Moore and Dilley, 1958: 76) believed about 2000
present, although few yet had eggs. On 26-27 May 1956, David O.
Karraker, my wife, and I counted 2880 Sooty Tern nests with eggs
in place on Long Key, and saw about 700 scattered eggs from nests
that had been flooded (Robertson, 1956 MS.). All the Long Key nest-
ings were behind the schedule of the main colony and produced few
or no young.

In reporting Sooty Tern observations from a visit to the Dry Tor-
tugas in May 1958, Fisher (in Peterson and Fisher, 1955: 148) com-
mented: "My own estimate of the numbe~ of occupied nests-
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80,000--was not far off. A census based on sample plot counts which
was made two weeks later by the Park Service came up with a figure
of 84,569 sooty nests." The 8gure mentioned was in fact an estimate
of the number of breeding adults (Moore, 1954 Ms.); the number of
nests actually amounted to but few more than half Fisher's estimate.

1957-1963. In 1957 Sooty Terns were frst recorded nesting on Hos-
pital Key. Mr. and Mrs. John R. DeWeese found about 200 nests
there in June but were not certain that any young were reared (in
liM.). None nested on Hospital Key in 1958 (Richard Ward, in Ntt.),
but on 15 June 1959 0. L. Austin, Jr., C. R. Mason, and I found about
50 adult Sooties among the colony of Roseate Terns there and located
about 10 Sooty Tern nests with eggs. In the main ternery of Sooties
on Bush Key hatching was at least 90 percent complete at this time
and the larger young were about half-grown. In the nesting seasons
of 1960-1962 no Sooties were observed at Hospital Key, but in July
1968 about 8 adults appeared to be settled there, again associated
with hesting Roseat6s. No search was made for nests, but the be-
havior of the Sooties suggested that they were nesting. It is of in-
terest that all occurrences of Sooties on Hospital Key were in years
when Roseates also nested there, none having been noted in the
years when the Roseate Terns located elsewhere.

Work at the Tortugas in 1959-1968 consisted chief!y of banding
adult and young Sooty Terns in large numbers, and no direct esti-
mates of the size of the colony were attempted. My impression is
that in 1959-1968 the pepulation was in the range of 70,000 to 100,000
breeding adult Sooties and varied relatively little from year to year.
Approximately 6,500 to 11,000 young Sooties were banded each year
in 1960-1968 and the recorded mortality of eggs and small young
accounted for an additional 2,000 to 6,500 nesting efforts annually.
Counts of living young and of young found dead made each year
after banding was completed have shown consistently that from
one-third to one-quarter of the birds of the year were banded.

Each year since 1960 a sample of from 7,000 to 8,200 adult Sooties
has been captured in mist nets set at the perimeter of the colony
(figure 7). It should be possible to estimate the number of adults
accurately from the proportion of banded individuals occurring in
samples taken later the same breeding season. But calculations from
May-banded adults in samples of adults netted the following July
yield population estimates considered three to Hve times too high.
Two characteristics of the Tortugas Sooty Tern population, strong
localization of individuals within the colony and straggling arrival
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and departure, hamper use of mark-recapture data for estimating
total numbers. Banded adults do not become randomly distributed
throughout the colony, and the sampled population changes in com-
position from week to week during the breeding season.
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FIGURE 7. Members of the Florida field excursion, 13th International Ornitho-
logical Congress, mist-netting adult Socity Terns on the west beach of Bush Key.
In foreground from the left, Josias Cunningham (U.K.) and Staffen Ulfstrand
(Sweden). The matted ground cover is sea purslane (Sestivium porttilacastrum).
(Photograph by A. Schifferli, 18 June 1962.)

DISCUSSION

Only a limited interpretation of the record of the population of Sooty
Terns at the Dry Tortugas (table 2) can be undertaken now. The
present discussion aims merely to review the estimates in the light
of the species' behavioral characteristics and the Tortugan environ-
mental factors that may have influenced them over the years. Some
of the local limiting factors and the difficulties of accurate censusing
were recognized and discussed by earlier writers. The preliminary
results of work now in progress include some additional pertinent
information. Comments are limited to the population records from
1908 to date.

The fact that all adults in the colony do not begin to nest at about
the same time has plagued Sooty Tern counters at Dry Tortugas from
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the beginning. The varying population reports of 1908 (Dutcher,
1904) resulted in part from the arrival of many Sooties after Job and
Burton had made theit first estimate. Watson .(1908: 818) specifed
that his 1907 count was made 'late in the brooding season, after all
the eggs had been laid." Later observations, particularly by Moore
in the early 1950's, make it clear that simply to delay the count until
all the birds arrive is not a satisfactory solution. It may be useful
to review what is known of the arrival and landing of Sooty Terns
at the Dry Tortugas.

A period of nocturnal swarming over the breeding grounds before
actual nesting begins is characteristic of the species (Cf, Ashmole,
196Sa). The Brown Noddy also exhibits this behavior at the Dry Tor-
tugas, and it may be part of the pre-breeding activity of all pelagic
terns, although Observations on species other than the Sooty are few.
The occurrence of Sooty Terns on regular nocturnal visits in late win-
ter was not reported at the Dry Tortugas until rather recently (Vin-
ten, 1944; Baker, 1944). Our knowledge of the phenomenon coincides
closely with the period of Sooty Tern occupancy of Bush Key and
National Park Service occupancy of adjoining Garden Key.

Park Service personnel stationed on Garden Key have kept a
complete record of the dates the Sooties were first heard over the
area at night and first seen to land on Bush Key by day annually since
1948. The two events are the outstanding phenological phenomena
of the, for some, rather humdrum year at the Dry Tortugas, and one
suspects they have often been recorded as welcome evidence of the
passage of time. Dates of the first night occurrence of the Sooties
range from 8 February (1943 and 1956) to 7 March (1950) with an
average date over the 20-year period of 20 February. The average
date of the first daytime landing is almost exactly 2 months later,
21 April.

Typically the number of birds, as judged by the amount of noise,
begins to increase nightly soon after the first report, but for a month
to six Weeks no Sooties are to be seen in the vicinity by day. Their
daytime whereabouts during this period is regarded locally as some-
thing of a mystery, but my records of 24-26 February 1964 suggest
that the birds frequent the Gulf of Mexico probably at no great dis-
tance. I heard Sooties calling as early as 2030 hours (all times EST)
and as late as 0615 hours, both 25 February. They seemed to ap-
proach from the northwest and the last birds over Garden Key near
dawn seemed to depart in that direction.

Activity on the night of 25-96 February 1964 centered about one
mile north-northwest of Bush Key. Observation from a boat in this
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area disclosed several separate flocks, each apparently of many thou-
sands, milling about in rapid flight within a few feet of the surface
of the water. No appreciable movement toward the colony site on
Bush Key occurred from 2100 to 0180 hours. At least a month before
the frst daytime landing, however, Sooties have been reported land-
ing on Bush Key at night, and occasional precocious females lay eggs
during nocturnal visits as much as three weeks before nesting begins
(Robert and Stevenson, 195I). The night landings presumably cor-
respond to the gatherings on Ascension termed "night clubs" by Ash-
mole (1968a: 301 ff.), but no detailed observations are available from
the Tortugas.

A few days to a fortnight before the definitive landing a few Sooties
often remain on Bush Key well past daybreak, and scattered birds
and occasional large flocks are seen at sea nearby. Soon after these
first daytime sightings Sooties either land at night and remain on
the island or begin landing by day, usually in early morning. The
number that land the first day reportedly varies from a few hundred
to many thousands. Elms (personal communication) estimated 40,000
the first day in 1968. Laying begins at once. Commonly hundreds
of birds are incubating by the afternoon of the day of landing.

New flocks affive nightly for at least several weeks. Moore and
Dilley (1953) noted that the spread of hatching dates indicated the
period of arrival was greatly more prolonged in some years. The
larger the colony becomes, the more difficult are new arrivals to
detect, except as they occupy entirely new ground.

In the usual pattern of landing, successive flocks settle immedi-
ately contiguous to the ground already occupied. Almost invariably
the first Sooties land on the west side of Bush Key. From this nucleus
the colony builds eastward along both shores, the last birds to come
in landing on the east spit or (occasionally) Long Key. Felton (1941
'Ms.) suggested that thus the Sooties first settle on the oldest part of
Bush Key, an intriguing idea impossible to verify. In at least two of
the years when Sooties nested on Garden Key (Beard, 1988; Gibbs,
1947 MS.) the first birds landed on the north coaling docks (figure 6).

In 1988 new flocks built southward from that point until all of Garden
Key east of the fort was occupied before any landed on the west side
of Bush Key.

Over the past 20 seasons first landings of Sooties at the Dry Tortu-
gas have become consistently earlier. The average date of Brst land-
ings for 1948-52 was 27 April, for 1958-62 it was 14 April. The land-
ings of 7 April 1961, 6 April 1962, 8 April 1968, and 28 March
1964 are the earliest of reliable record. No similar trend can be seen
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in the record of first nocturnal visits. These are less likely to be re-
corded accurately, because they apparently are brief high overflights
by a few birds in the middle of Hie night. On the night of 19-20
January 1964, about 8 weeks before the then earliest report, I heard
Sooties calling over Garden Key four, times between 2345 and 0200
hours. Each time one or two birds flew over rapidly and fairly high,
the passage marked by three to five unmistakable "wideawake" calls.
The following night it was colder with high winds, and,I listened from
2200 to 0200 hours without hearing any Sooties. On my next visit in
late February 1964 large numbers were visiting the area nightly.

Brief observations of Sooties as they first landed in April and May
1968 revealed several interesting characteristics of appearance and
behavi6r in the newly-arrived birds. Despite the fact that they pre-
sumably have been on the wing almost continuously for a period of
several months or longer, most individuals are fat and appear to be
in peak physical condition. Sooties appear to be heavier at first land-
ing than at any other time in the breeding season; a number of birds
at this time weighed 190 to 210 grams, whereas weights exceeding
180 grams are unusual later. Ashmole (1968a: 840 K.) reported that
most Ascension Sooties had completed molt by the time they began
to assemble in the colony' at night and the same probably is true of
the Tortugas population. In the hand the plumage of newly-arrived
birds is conspicuously fresh and unworn. The attenuate tips of the
outer pair of rectrices extend as much as 80 mm beyond the adjacent
pair in delicate streamers that are soon lost apparently by abrasion
on land. in June and July the outer rectrices are only 15-20 mm
longer than the next pair.

Tightly packed roosting in the colony is a characteristic group
behavior for several days immediately after the landing. All the
birds settle at once and form a nearly continuous cover over the
ground. The colony then appears much more densely tenanted than
it does after incubation begins j when only one member of the pair
is usually present at the nest.

Also typical of this period are flights, presumably part of the pair
formation ritual, in which two individuals stay very close together.
In these flights two birds leave the ternery, circle to an altitude of
several hundred feet, then change to an exaggeratedly deep and slow
wingbeat, meanwhjle giving a call that appareutly is peculiar to the
occasion. The Hights may occur over the colony or remote from it.
They vary in duration from a few seconds to about a minute and may
consist of one ritualized Right or of several alternated with intervais
of normal flight. Flights usually end abruptly with the two terns
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making a headlong descent checked a few feet above the water, and
then flying rapidly back to the colony. Occasional two-bird flights
occur throughout the breeding season, but they are more frequent
and protracted among Sooties that have recently landed, when dozens
of flights may be in progress simultaneously.

Brown Noddies on Bush Key perform ritualized two-bird flights
that closely resemble those just described for the Sooty Tern, and
I have occasionally seen similar flights by Royal Terns wintering at
the Tortugas. In all three species a distinct call is associated with
the Rights and often drew my attention to the birds engaged in them.
Warham's (1956: 89-90) descripti6n of a "Butterfly Flight" of Brown
Noddies and Black Noddies on Pelsart Island, Western Australia,
seems to apply equally well to flights observed at the Tortugas, and
presumably all represent the "High Flight" aerial display that has
been described for many terns.

Sprunt (1948b: 18) and several other observers suspected that the
date of sampling in a given year might affect the estimate of popula-
tion, but no means of quantifying the suspicion existed until Moore
established marked plots on Bush Key in 1952. In 1958 the Brsf
Sooties landed 14 April and the first hatching was noted 23 May.
Moore's nest counts that year (1954 MS.) showed 64,724 adults present
14 May, 81,210 on 28 May, and 84,569 on 28 May. From these figures
he calculated that an average of 1832 new birds entered the ternery
daily from 14 to 23 May, and the rate dropped to 672 daily from 28
to 28 May. No Iater checks were made that season, but general ob-
servations of the colony suggest that Sooties continue to arrive and
start nesting through much of June iii some years.

Moore (1954 Ms.) suggested that, to assure comparable population
estimates from year to year, density of nesting data should be based
on counts of nests made one week after Brst hatching. This perhaps
is the most practical solution possible, but the way Sooty Terns arrive
to nest clearly makes it difficult to estimate the size of a colony ac-
curately except from repeated counts spaced to sample the entire
season. Population estimates based on nesting densities made either
much before or much after hatching begins are likely to be too low.

From the known pattern in the Common Tern it appeared likely
that late-arriving Sooties include the young adults returning to the
colony for the first time, and that age at Brst return is 3 or 4 years,
Several returns recorded in 1937-41, however, seemed to show Sooties
banded as young of the year back in the ternery the first or second
year after banding. We now believe these reports resulted from
mistakes in reading or reporting band numbers.
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No returns of the 5500 juveniles banded in June 1959 were re-
corded in handling a total of 19,327 adult Sooties (927 returns) in
May and July 1960 and 1961 and in May 1962 (4518, 426 returns), but
the 198 returns provided by a sample of 4190 adults taken 8-15 July
1962 · included 11 of the 1959 cohort. Samples of adults mist-netted
at the colony in 1968 on 8-11 April (1125, 140 returns), 15-19 May
(4021, 685 returns), and 9-14 July (8507, 862 returns) contained 0,
6, and 50 respectively of the 1959 juveniles, The July 1968 sample
also included 8 returns from the cohort of 10,I27 juveniles banded
in July 1960. It thus appears that Sooties frst return to the natal
colony late in their thircl year and first return in force late in their
fourth year. Our data show that although 0.2 per cent of the 1959
cohort of young Sooties returned to Bush Key in their third year, only
0.03 per cent of the 1960 cohort did so. This is of interest in view
of the recovery record of the two cohorts since leaving the colony.
For the young of 1959 not a single recovery has been reported; for
the 1960 group we have 18 recoveries, 6 of which were bifds found
dead along the storm track of hurricane Donna of September 1960.
This suggests that the 1960 cohort suffered much heavier mortality
during its extra-Tortugan years.

Late-arriving adults apparently often pioneer in the changes of
colony site. Bartsch (1932: 281) in reporting the first move of Sooties
from the ancestral Bird Key location observed that 30 pairs nesting
on Bush [Long] Key still had eggs or small young on 10-21 August
1932 while most of the young in the main colony were already on
the wing. All of the recorded nestings on Hospital Key and Long
Key were well behind the usual schedule and presumably were initi-
ated by birds that arrived late and failed to find space in the pafent
colony.

Late-nesting Sooty Terns at the Tortugas seldom succeed in rear-
ing young, in part because they so often nest in unsuitable places
such as the easily flooded sites on Long Key, and in part because
isolated nesting groups are especially subject to predation. In 1963,
for example, we detected no significant loss from predation in the
main colony, but predators (both rats and Cattle Egrets suspected)
destroyed the eggs of an estimated 1500 pairs of Sooties that settled
on the east spit of Bush Key (figure 3) late in the season. No Sooties
had landed on the east.spit 24 April but on 15-19 May it was fully
occupied by incubating birds and others that had not yet laid eggs.
Attack by predators must have occurred soon after, because no
Sooties remained there on 5 July, and broken eggs that ranged from
slightly incubated to about ready to hatch were scattered over the
.ground.
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In 1968 most of the 8 and 4-year-old adults apparently arrived
during late May and June and sought space in the main colony rather
than at its edges or at outlying sites. About 95 per cent of the returns
for the juvenile cohorts of 1959 and 1960 were localized in the south-
western one-quarter of Bush Key, the same area in which chicks were
banded most heavily in those years. Large samples of adults taken
farther east on Bush Key (including a sample of 829 from birds then
landing on the east spit, 16 May) included few or no returns of juve-
niles banded in 1959 and 1960. Thus the young adults returning for
the Erst time seemed to center their activities near the natal nest
location, even though that part of the colony already was densely
6ccupied. Although strong site tenacity in terns (Austin, 1949) un-
doubtedly serves to maintain the established colony, it must also
weigh heavily against the likelihood of successful breeding by younger
adults. We have no clear evidence that any Tortugas Sooties nested
in their third or fourth years. We suspect that inexperience, late ar-
rival, and site tenacity combine to make successful breeding by young
adults a rare occurrence, at least in colonies where adult mortality
is low and space relatively limited.

Straggling departure is as characteristic of the Tortugas Sooties
as straggling arrival, but this aspect of seasonal change in the popu-
lation has seldom been mentioned. Early writers believed the terns
left in one body or within a few days. Thompson's (1908: 82) state-
ment that the Noddies leave "in great flocks and at night. ,,. The
entire exodus consumes but two or three days is typical of com-
ments for both species. Later, Bartsch (1919: 478) quoted reports of
the Bird Key wardens to show that noticeable mass departures oc-
curred over a period of 2 to 6 weeks. More recent observations con-
firm this and do not extend the extreme dates Bartscli mentions, 9
August and 25 September. Although a clecrease in the size of the
colony is seldom obvious before mid-August, several lines of ·evidence
suggest departures begin much earlier.

Birds that do not renest after failing in their first breeding attempt
probably begin to leave the ternery in May. Egg removal experi-
ments by Ridley and Percy (1958) on Desnoeufs Island, Seychelles,
and by Ashmole (1963a) on Ascension show that Sooties are far less
persistent layers than has been supposed. No more than 50 per cent
of those whose first eggs were removed laid a replacement, and re-
nesting seldom occurred after loss of well-incubated eggs or newly
hatched chicks. The few observations at the Tortugas seem to agree
with these findings, and suggest in addition that the likelihood of
renesting begins to decline sharply at a relatively early date in the
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breeding season. Birds whose first eggs were destroyed by predators
on the east spit of Bush Key in late May or June 1968 laid no replace-
ments there. We found nothing in July to suggest that they had
renested elsewhere on Bush Key, nor did there seem to be any sub-
stantial number of unemployed adults around the colony. Appar-
ently Tortugas Sooties whose Brst breeding effort ends in failure
after about mid-May tend to leave the colony soon afterward without
renesting.

The earliest departure for which definite evidence exists is that
of an adult banded on Bush Key in May 1960 and found dead at
Ruskin, Hillsborough County, Florida, about 215 miles north by a
little east of the Tortugas, on 25 July 1960. Other banding data,
however, suggest that many adult Sooties leave the colony betweeh
late May and early July. Large samples of adults were taken in
mist nets in both May and July, 1960 through 1968. Extreme dates
of the sampling periods were 15-81 May and 8-17 July, and the loca-
tion and method  of capture were virtually the same for all samples.
The 14,884 adults handled in July 1960-1968 included 160 (1.08 per
cent) banded in May of the same year, whereas 12,100 handled in May
1961-1968 included 412 (8.4 per cent) banded in May of the previous
year. The range in the various samples Was: May to July repeats,
0.65-1.6 per cent; May to May returns, 2.8-8.9 per cent. May-banded
adults thus occurred three times more frequently in samples of the
following May than in samples taken 5 to 6 weeks later in the year
of banding. The simplest explanation is that many adults present
in May leave before the second week of July. These presumably in-
clude both frustrated breeders whose ties to the colony are relaxed
by loss of eggs or young and early breeders whose young have fledged.

A few dozen to several hundred Sooties usually remain on Bush
Key after the rest are gone. Most are juveniles and most are sick,
injured, or deformed. Only rarely do any survive the fall flights of
accipiters and falcons in late September and October. Tortugas
Sooties seldom abandon healthy young, although reports suggest
this may have happened once or twice when departure was hurried
by severe storms in late August or early September. On 8-11 Sep-
tember 1962 about 50 young birds remained on Bush Key during
the day. Most were obviously infirm and several died every day.
Each evening 200-300 adults and about 100 strong-flying young re-
turned to the colony. All the young were still being fed by adults
and the relative numbers of young and adults suggested that both
members of most pairs were present.
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The early departure of some adults probably has not been a
major source of error in population estimates (table 2). The critical
event for estimates based on nest counts is departure of hatchlings
from the:nest site, which becomes important even earlier. Nest
density data used in calculating populations in 1945-1948 were re-
corded after mid-June and t:hus may considerably underestimate

- actual numbers. Nest counts of 1951-1956 were made in late May
and in several of these years large numbers of adults were thought
to have arrived and nested after the counts. The knowledge that
young Sooties do not return in force until their fourth year makes the
reported increases of 1903 to 1907, 1918 to 1914, 1939 to 1940,.1942
to 1948, and 1949 to 1950 highly improbable from Tortugan recruit-
ment alone. Those of 1938 to 1989, 1948 to 1944, 1947 to 1948, and
1955 to 1956 seem unlikely in that they leave little room for mortality
in the intervening years.

The reported populations of 1950 and 1951 stand out as much
above other estimates. I have reviewed the field records for these
years and the errors, if any, are in the data, not in the calculations.
Moore and Dilley (1953: 79) suggested that the unprecedentedly high
populations of 1950 and 1951 "may be attributable to several years
being unusually favorable for weather and food." However, evidence
that the relevant years, 1946 and 1947, were marked by especially
successful reproduction is wanting.

In spite of the questions raised above, the reports since 1908 prob-
ably represent the actual trends of population with fair accuracy,
In general, the Bird Key colony of Sooty Terns increased under
protection to about 80,000 to 100,000 breeding adults by around 1917.
The severe hurricanes of 1910, 1915, and 1919 that ultimately caused
a great reduction in the number of preferred nest sites available to
Brown Noddies on Bird Key probably made enough more area avail-
able to Sooties to compensate for the area lost by erosion. In any
event the Sooty Tern population apparently maintained about the
same level from c. 1917 to c. 1930. Disturbance resulting from re-
newed egging in the early 1930's, and probably also from the en-
forced movement of the colony from Bird Key, seems adequate to
account for the reported decrease to about 30,000 adults in 1985.
Within a relatively few years after 1935 the colony, now on Bush
Key, again attained approximately the same upper level that it had
on Bird Key. The view that 60,000 to 100,000 adults represents the
normal Sooty Tern population of Dry Tortugas under protection
(Moore and Dilley, 1958) probably is close to the mark. Fluctuation
within these limits doubtless results in large part from varying success
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in rearing young because of year to year variations in weather, food
supply, and predation, and from varying mortality during the popu-
lation's pelagic phases. Predation is seldom important at Dry Tor-
tugass although Magnificent Frigate-birds take fair numbers of young
Sooties in some seasons (Beard, 1989; Dilley, 1949 MS.) and instances
of predation by rats, cats (Russell, 1988 MS.), Laughing Culls, Larus
atricilla Linnaeus (Watson and Lashley, 1915: 88), and a Great White
Heron, Ardea occidentalis Audubon (Robertson, 1962), have been
reported.

Itis not clear what factors act to set the upper limit attainable by
the Tortugas Sooty Tern population, nor how they act, but I suggest
tentatively that the limits may be determined as much by the species'
behavior pattern as by such environmental factors as food and ter-
ritory. The question of whether or not Sooties are ever crowded
on Bush Key has been debated by authors to no conclusion. It is
clearly a strong departure from normal behavior, however, for Sooties
to nest elsewhere than at the colony site of the previous year or at
the edge of a mass of Sooties already nesting. That Tortugas Sooties
rather frequently have settled at new locations suggests that Bush
Key has been overcrowded at times, however it may have appeared
to human observers.

The obvious question then is, why hasn't the colony spread to
nearby islands that seem fully as suitable as Bush Key? The reason
appears to be that the earlier and more successful breeders tend
strongly to settle at the colony site of the previous year. Present data
indicate that when the progeny of these birds return to nest, they
seek nesting space near the location where they were reared. Such
a pattern tends to maintain a strong nucleus at the expense of possible
colony expansion. The individuals that colonize peripheral or out-
lying locations are those compelled to do so, principally because they
arrive late at the colony. As a group these may tend to be chronic
unsuccessful breeders that have lost site tenacity. The new loca-
tions they occupy are commonly much more exposed to weather and
predators, and late arrival reduces the likelihood of renesting after
disturbance. Thus, the pioneering that might lead to establishment
at new locations and an increase in the local population is almost
always foredoomed to .fail.

The successful shift of the colony site from Bird Key to Bush Key
in the early 1980's was probably facilitated, once the area of Bird Key
was reduced to a certain point, by landings on Bush Key early enough
in the season by large enough numbers of birds for successful breed-
ing. The behavior of the colony in 1987, 1938, and 1947 when the
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lirst Sooties that arrived settled on Garden Key is less easily explained.
In these cases, however, unusual conditions apparently existed on
Bush Key at the time nocturnal swarming began, an infestation of
rats in the 1980's (Russell, 1988 MS.; Beard, 1988) and unusually lux-
uriant vegetation in the 1940's (Sprunt, 1948b). Perhaps these dis-
turbances were sufficient to produce atypical behavior.

It Was f6rmerly believed (Murphy, 1986: 1125-1127) that all Sooty
Terns deserted their nesting areas for a period of time between breed-
ing seasons. More complete information, however, shows that Sooties
are present in the neighborhood of some colonies throughout the
year. Ashmole (1968a: 301) states "... there was no month in which
Wideawakes could not be seen or heard from Ascension." The same
appears true of colonies off Oahu, Hawaii, studied by Richardson
and Fisher (1950), and of those at Willis Island (Hogan, 1925) and
Raine Island (Warham, 1961), northeastern Australia. Ashmole and
others have drawn a contrast between the cOlonies where Sooties are
continually present and latitudinally more peripheral colonies, such
as the Dry Tortugas, where they are absent for several months of
the year, but the supposed difference may disappear with more study.
Excepting birds carried north by hurricanes, all recoveries (through
1968) of Sooty Terns banded as adults at the Dry Tortugas have been
within the Gulf of Mexico, indicating that the breeding population
does not disperse widely. The January records cited above leave
November and December as the only months in which Sooties have
not been reported at the Dry Tortugas. The possibility that some
.individuals remain within commuting distance and make occasional
night flights over the colony throughout the off-season cannot at
present be excluded.

The Sooty Terns of the Tortugas have often been cited as typical
of the populations that have a 12-month cycle and begin breeding at
about the same time every year. This appears true ef records from
the time of Audubon to the early 1940's, all of which indicate that
laying began in late April or early May. Over the past two decades,
however, first eggs have been laid at consistently earlier dates. The
cycle remains essentially annual, but nesting now begins a full month
earlier than it did in the 1940's. The significance of this slow ad-
vance of breeding date and the factors that might account for it
are unknown at present. No relationship to a particular moon phase
(Chapin and Wing, 1959; Ashmole, 1968a: 849) is apparent. The
date of landing and first eggs in 1964 coincided with the full moon,
but the landings of 1961-1968 occurred 23,14, and 6 days respectively
before the full moon. The earlier breeding of Sooty Terns in the
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Tortugas may be merely another phenomenon of the sort that is
commonly attributed to a supposed trend toward warmer climate.
Another possibility is that earlier breeding is associated with an in-
crease in the size of the colony, although clear proof of an increase
is lacking. Fisher and Lockley (1954) cite instances for many species
of seabirds showing that larger colonies tend to become active earlier
in the season.

Richardson and Fisher (1950) reported that Sooty Terhs on two
small islands located about 10 miles apart off the windward coast
of Oahu had distinctly different breeding seasons, the colony on Moku
Manu beginning to nest in November while that on Manana began
in April. They suggested that Manana might have been colonized
by birds from Midway Island or some other distant population which
breeds in the northern hemisphere spring. The possibility that Sooties
nesting on Manana are the overflow from the larger colony on Moku
Manu, however, does not. appear to be excluded by the information
so far published about these populations. Egg-laying on Moku Manu
began in November and extended through March, while the season
on Manana is shown as April through June (Richardson and Fisher,
1950: 804, table 4). Thus the season on Manana merely continued
that of Moku Manu, rather than being distinct from it. This char-
acteristic, the fact that the population on Manana varied greatly in
the two breeding seasons observed and that few young were reared
in either season, and the fact that the Moku Manu colony was Ye-
portedly overcrowded all suggest pioneering of a new site by birds
that arrived late, such as has been observed several times at the
Tortugas.

Ashmole (1968a) recently published a highly informative account
of two breeding seasons of the Sooty Terns of Ascension Island. From
his observations of Sooties and other species that breed there he ad-
vanced (Ashmole, 1963b) the hypothesis that comp. etition for avail-
able food within foraging range of the nesting colony was the prin-
cipal factor regulating the numbers of tropical seabirds. No single
study as intensive as Ashmole's has been made at the Dry Tortugas,
but, because of the long record of observations available, the Tortu-
gas colony ranks as perhaps the best-known Sooty Tem population
after Ascension. A comparison (table 8) shows striking differences
between the two populations in mortality factors and breeding sue-
cess. Although it is of the order of one-tenth the size of the Ascension
population, the Tortugas population appears to have reared a sub-
stantially larger number of young in some years.
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Ashmole (1968a) describes heavy mortality of Sooty Tern chicks,
apparently from starvation, and presents other evidence indicating
that adults had great difficulty obtaining adequate food for young,
especially in the second season he observed. He cites (1963b: 465)
records similarly consistent with his hypothesis of population con-
trol from other Sooty Tern colonies and for other species of tropi-
cal seabirds. Feeding conditions apparently are so much more favor-
able for Sooty Terns in the neighborhood of the Dry Tortugas that
the likelihood of their numbers being limited by competition for
available food seems improbable. Recent observations at the Tor-
tugas support Watson's (1908: 192«195) statements that. the terns
do most of their feeding within a radius of about 15 miles from the
colony. Although much of the feeding occurs outside the Tortugas
lagoon, flocks of Sooties often fish within sight of the colony. Fish
and squids regurgitated by adults returning from feeding commonly
are intact, as if taken but a few minutes before. By contrast Ashmole
(1968a: 388) found that feeding adults were absent for extended pe-
riods; he saw no Sooties fishing near Ascension; and the food remains
regurgitated by the birds were seldom recognizeable. From his
studies of the development of young on Ascension, Ashmole concluded
(1968a: 320): "The capacity of young Wideawakes to survive for long
periods on relatively little food! while growing hardly at all, but to
accept large quantities of food when it is available, is clearly an
adaptation to an environment in which the food supply is precarious.
While few detailed data are available on the development of young
Sooties at the Tortugas, general observations indicate that their growth
is regular and rapid and that the ability to f[y short distances is at-
tained at 5 to 6 weeks of age, in contrast to the fledging period of 8
weeks or longer recorded for Ascension (Ashmole, 1968a: 82I). No
incidents of mass starvation of young Sooties have been reported at
the Tortugas.

Acknowledging the need for additional critical data, it appears
that no shortage of food available to Sooty Terns exists in the vicinity
bf the Dry Tortugas colony; and, therefore, that competition for food
during the breeding season cannot be the factor· that checks the in-
efease of the population short of the limits of available nesting terrain.
As suggested above, social factors--in particular, site tenacity in young
adults, and the tendency of late arrivals to choose insecure nest sites
near the colony rather than more secure sites at a little distance-
appear to operate in a density-dependent manner to limit growth of
population. Ashmole (1968b) is surely correct in pointing out that
competition for nesting space could not regulate total species popu-
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lations of seabirds effectively because individuals that fail to Bnd
space in one colony could go elsewhere. How much movement of
this sort actually occurs in the Sooty Tern is a moot point at present.
It seems likely that asynchrony of breeding cycles would inhibit ex„
change of birds between some colonies. Whatever the factors are
that ultimately control the total number of Sooty Terns, however,
observations at the Tortugas strongly suggest that social forces can
effectively regulate numbers at the level of the individual colony.

TABLE 8. SOME CHARACTERISTICS OF THE SOOTY TERN POPULATIONS OF ASCENSION

ISLAND (FROM ASHMOLE, 1968a) AND THE DRY TORTUCM

Ascension Island Dry Tortugas

Estimated number of c. 750,000 c. 80,000
Breeding adults

Nesting space available Relatively unlimited Limited on Bush Key,
several other habitable
islands nearby.

Moftality of adults at Estimated 1 to 8% killed Insignificant, virtually
the  colony by feral cats; predation all losses result from birds

proportionally heayier becoming entangled in
on the earlier breeders. vegetation.

Mortality of eggs and Heavy (cats and frigate- Usually minor (mainly
yound caused by birds) · rats), except in outlying
predation nesting areas.

Mortality of eggs and No information Occasionally heavy at
young caused by low sites and when hur-
weather ricanes occur during the

breeding season.

Mortality resulting from Considerable Probably the major cause
attacks upon stray of mortality 6f chicks.
chicks by adult Sooties

Mortality of young from Frequent, much heavier Never reported.
starvation in some breeding seasons.

Over-all breeding sue- Low, estimated at c. 10- Probably seldom below
cess - (young fledged 20% and perhaps not over 70% in years with no
as a % of eggs laid) 2% in two successive summer hurricanes.

breeding periods.

Interval from start of c, 9,7 months c. 12 months
one breeding period to
start of the next.
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BROWN NODDY
RECORD OF NESTING

19th Century. Accounts by naturalists who visited the Dry Tortugas
in this period suggest that Brown Noddies were numerous and identi-
fy the keys on which they nested at different times, but beyond that
contribute relatively little to the history of the Tortugan population.
In 1832 all the Noddies were nesting on Bush Key, but "several
thousand" nests not in use were seen on Bird Key as well, leading
Audubon (1885) to suppose that Sooty Terns had driven the Noddies
from the latter island not long before. Bartsch seems to have thought
that Noddies persisted in nesting apart from the Sooties until Bush
Key was washed away around 1870. He writes (1919: 482): "Since
then [1882] the colony has been forced to make a complete shift
and the choice between Bird and Loggerhead Key has fallen to the
former...." Wurdemann (1861) and Bryant (1859a), however, re-
ported both species nesting on Bird and East Key in the 1850's. The
separation of the nesting areas of Sooties and Noddies observed by
Audubon may well have been temporary, for his report seems to be
the only record that N6ddies nested on Bush Key during its 19th
century emergence. In 1890 (Scott, 1890) most of the Noddies were
nesting on Bird Key.

Several of the early reports suggest that Noddies and Sooties
were then about equally abundant at the Tortugas. Audubon (1835:
268) wrote of the Noddies: "They nearly equal in number the Sooty
Terns...." Scott (1890) was informed that Noddies were more com-
mon than Sooties, and Holder's (1892: 194ff.) account of an egging
sortie to ~ Bird Key about 1860 suggests the same.

Later writers have taken such comments to indicate that the Noddy
population of the Dry Tortugas suffered particularly severe reduction.
Job, for example, remarked (1905: 87-88) of his observations in 1908:
"Of the Noddies there are hardly a thousand, which is a great de-
crease from the numbers that were once here. It appears to me
that the reports of near parity in numbers of Sooties and Brown Nod-
dies are more likely evidence that the population of Sooties had been
much reduced. The Brown Noddy at the Dry Tortugas has always
nested mainly in bushes. No report suggests otherwise. More spe-
cifically, its hesting is confined largely to the edges of clumps or
thickets of bay cedar. Few nests are placed within dense shrubbery.
From what is known of the vegetation of keys where the ternery has
been located, it seems certain that the Sooties, nesting in dense masses
on the ground, would always have been able to reach much greater
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numbers than the Noddies before their increase was limited by
scarcity of nest sites.

It seems likely also that, in a ternery such as the Dry Tortugas,
the Noddy population might be expected to decline more slowly than
the Sooties under the pressure of sustained egging. Eggers preferred
Sooty Tern eggs to those of other terns. Many writers mention this,
Audubon, for example, informing us that eggs of the Sooty are "de-
licious, in whatever way cooked...." Because Sooties nest closer
together and are much more strongly tefritorial than Noddies, re-
peated disturbance of a mixed ternery would almost certainly re-
sult in disproportionately high mortality of Sooty Tern chicks. The
fact that Noddy nests are more scattered and placed in heavier cover
would make it much more difficult for eggers to gather an entire lay-
ing. Finally, the usual nesting season of Noddies at the Dry Tor-
tugas is considerably more extended than that of the Sooties which,
again, would make loss of an entire season's production less likely.

1902. Thompson (1908) presented an excellent ·and well-illustrated
life history study of the Brown Noddy as observed on Bird Key in
1902. His account includes the earliest clearly stated estimate of

.the size of the population: As nearly as can be judged it [the Nod-
dy colony] contains about three thousand individuals."

1903. As with the Sooty Tern, several estimates of the number of
Noddies are available from 1908 observations by Burton and Job.
They are "about 400" and "at least... 600" (Burton in Dutcher, 1904),
and "hardly a thousand" (Job, 1905). All summaries of the history
of the population cite the number in 1908 as 400 and credit it to
Job. The warden's end-of-season figure of 600, however, seems the
best estimate available.

The warden on Bird Key (in Dutcher, 1905) said that the terns
had a successful season in 1905, and Mayer (in Dutcher, 1906) re-
ported in 1906 that Noddies on Bird Key had increased since 1898
but not so much as the Sooties. Nothing else is known about the
colony of Noddies for the period 1903-1907.

1907. As part of his remarkably varied investigations on Bird Key
the Summer of 1907, Watson made the first known estimate of the
Tortugas population of Brown Noddies based on a direct count of
their nests. He published two explicit descriptions of his method
and results (Watson, 1907: 311, 1908: 197). The latter reads: "By
means of a mechanical counting device it was found possible actually
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to count the total number of (active) Noddy nests. The count gave
603 nests. In some places, where the bay-cedar bushes are very
dense and the area has to be covered 'dog-fashion' (or at times even
still more primitively), and in others where the cactus growth is very
luxuriant, error in counting was easily possibly. On account of
these possibilities of error, I believe that 700 nests is a more repre-
sentative number. Since two birds occupy one hest, we haye a total
of 1,400 adult noddies on the island."

Despite Watson's abundantly clear exposition all later references
except Bent (1921: 308) and Longstreet (1986b, but not 1986a) give
the 1907 population as "4000". Many, in addition, cite "1400" as the
population in 1908, crediting this figure also to Watson, and the
apparent decrease has drawn comment: e. g., "The noddy population
took an unexplained drop from 4,000 in 1907 to 1,400 in 1908" (Sprunt,
1947b: 215).

Two errors are involved here. They seem to stem respectively
from a mistake in Bartsch's (1919) account of Watson's observations,
and from misreading of Bartsch, who gives two figures for the num-
ber of adult Noddies on Bird Key. The first (1919: 471) occurs in a
table and reads: "Noddy tern, estimated, adulti 4,000." The numeral
-1= refers to a footnote on the same page that reads: "Based upon
Doctor Watson's census of. 1908". The figure, "4,000," appears to
be a lapsus and, as pointed out under Sooty Tern, Watson apparently
did not work at the Dry Tortugas in 1908. The second reference
(Bartsch, 1919: 482) gives the correct figure but attributes it to the
wrong year: "... Watson estimated the presence of 1,400 adult
birds in 1908."

Three points seem clear from the tangle of mistaken citations:
1. Watson's estimate of the population in 1907 was 1400 adults. 2.
No estimate of the population of Noddies in 1908 exists. 3. Com-
pilers have often cited Watson from Bartsch or from one another
rather than from Watson.

Watson touches upon a problem that has plagued many later
observers of Noddies at the Dry Tortugas in his comment (1907: 811):
" ... one feels that there is a vastly greater number [than 1400]
present." He concluded that many of the Noddies at Bird Key were
non-breeders.

1909-1929. The reports of wardens stationed on Bird Key to the
Nati6nal Association of Audubon Societies (through 1919) and to the
Biological Survey include estimates of the number of adult Noddies
for all years of the period 1909-1919, and for 1929 (table 4). The
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estimate for 1910 is based upon another count of Noddy nests by
Watson. The warden's estimate for 1918 was published (in Pearson,
1918). Hbwell (1932: 272) summarizes all the reports, presumably
from the files of the Biological Survey, mentioning specifically the
population fgures of 1910,1916, and 1929. Stevenson (1938: 807)
also refers to the 1929 Bgure. Other summaries jump from 1908 to
1917 to 1985. All who include 1917 (Vinten, 1943: 57; Fisher and
Lockley, 1954: 60; et al.) give the population that year as "4,000"
citing the figure from Bartsch (1919). Bartsch, however, made no
independent estimate of the population in 1917. Curiously, this esti-
mate of "4,000" .is the same as that credited (mistakenly) to Watson
in both 1907 and 1908.

TABLE 4. BREEDING POPULATIONS OF BROWN NODDIES AT DRY TORTUGAS

Number
Year 6f Method Reference

Adultso

1902 8000 Estimate Thompson (19-03)
1908 600 Estimate Burton (in Dutcher, 1904)
1907 1206 Nest Count Watson (1908a)

(1400)
1909 5000 Estimate Peacon (1909 ms.)
1910 1710 Nest Count Ashe (ins. notes)
1911 2000 Estimate Peacon (1911 ms.)
1912 1500 Estimate Peacon (1912 ms.)
1918 600 Estimate Peacon (1918 ms.)
1914 2500 Estimate Peacon (1914 ms.)
1915 5000 Estimate Ashe (ms. notes)
1916 6000 Estimate Bethel (1916 ms.)
1917 10,000 Estimate Lowe (1917 ms.)
1918 15,000 Estimate Ashe (in Pearson, 1918)
1919 85,000 Estimate Ashe (1919 ms.)
1922 1600 Estimate Bartsch (ms. notes)
1929 3000 Estimate Park (ms. n6tes)
1985 8000 Estimate Mason (1936)
1936 4000 Estimate Doe and Russell (1986)
1987 2000 Estimate Longstreet (1987)
1938 892 Nest Count Beard (1938)

(418)
1989 880 ,Nest Count Robinson (1939)
1989 454 Nest Count Taylor (1989 ms.)
1940 180 Estimate Robinson (I940)

(continued)
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TABLE 4 (continued)

Number
Year of Method Reference

Adults

1940 750 Estimate Felton (1940 ms.)
1941 400 Estimate Stimson (in litt.)
1941 1000 Estimate Peterson (in Vinten, 1948)
1942 450 Estimate Budlong (in Vinten, 1943)
1945 625 Estimate Sprtint (1946a)
1946 492 Nest Count Sprunt (1946b)

(550)
1947 202 Nest Count Sprunt (1948a)

(250)
1948 282 Nest Count Sprunt (19480)

(800)
1949 566 Nest Count. Dilley (1950)

(622)
1950 490 Nest Count Moore and Dilley (1958)

(538)
1951 518 Nest Count Moore and Dilley (1953)

(570)
1952 890 Nest Count Moore and Dilley (1958)

(978)
1953 842 Nest Count Moore (1954 ms.)

(926)
1954 970 Nest Count Moore (1954 ms.)

(1066)
1955 1108 Nest Count Moore (1955 ms.)

(1218)
1962 2180 Nest Count W. B. and Betty Robertson

* In many years when the breeding population 6f Brown Noddies was de-
termined by counting nests, observers added an arbitrary figure (commonly 10
per cent) t6 account for nests not found. Population estimates that include such
additions are placed in parentheses beneath the figure based on the actual nest
count.

Figures for 19IS-1919 quoted from the warden's reports (table 4)
contradict all previous comments regarding peak populations of Nod-
dies at the Dry Tortugas. Even if the figures are substantially dis-
counted to allow for overenthusiastic interpretation by the individ-
uals directly responsible, it appears likely that the Tortugan Noddy
colony reached by far its highest population during this period.

1930-1934. The only references to the colony in these years that I
have seen are by Bartsch (see Sooty Tern) and his comments include
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no estimate of population. Iii 1931 Bartsch (1981: 873) noted: "This
change of vegetation [destruction of bay cedar on Bird Key by storms]
has forced the noddy terns to change from a tree-nesting to a sand-
nesting habit." The following year (Bartsch, 1982: 281) most of the
Noddies still nested on Bird Key, but about 70 nests were found in
dense mats of sea purslane (Sest,Ditim portulacastsum) on «Bush
[Long] Key," 82 nests in bay cedar bushes on "Long [Bush] Key,"
and a few nests on pilings around the coaling docks on Garden Key,
where apparently few young were reared because most of them fell
off into the water. Presumably Bartsch's (1983: 267) statement that
"more than half" the colony had left Bird Key in 1988 referred to
Noddies as well as Sooties.

1935-1962. The population figures (table 4) require little comment.
Data for most of the years were obtained by direct counts of nests.
In the years for which independent estimates are available, observ-
ers were in close agreement except in 1989. 1940, and 1941, Having
no basis for a decision between the two figures available for each
of these years, I have included both. The entire colony of Noddies

A

FIGURE 8. Brown Noddies nesting on Garden Key, 1988: (a.) pair at nest on a
pile of sea oats (Uniola paniculata) cut and raked before the terns landed; (b.)
adult incubating egg laid on bare ground amid sea purslane. (National Park
Service photographs by Daniel B. Beard.)
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nested on Bush Key in most years of this period. Departures from
this pattern, all involving nesting on Garden Key, were reported as
follows: 1936, 6 pairs nested on docks and pilings (Doe and Russell,
1986); 1937, most of the population nested on Garden Key (Young
and Dickinson, 1987; Longstreet, 1937; Russell, 1938 MS.); 1938, nest-
ing was divided about equally between Garden Key (figure 8) and
Bush Key (Beard, 1988); 1939, about the same division as in 1988 (Rob-
inson, 1989; Taylor, 1989 Ms .); 1947, 9 nests on Garden Key (Sprunt,
I948a); and, 1948, 1 unsuccessful nest on Garden Key (Sprunt, 1948.c).

DISCUSSION

Brown Noddies have been banded and recaptured at the Dry Tortu-
gas in much smaller numbers than the Sooty Terns, and banding data
contribute little to an analysis of past population records. It seems
likely, for example, that Brown Noddies do not return to breed for
the first time until they reach three or four years of age, but no proof
is available. Reasons for believing that a Brown N6ddy population
is likely to decrease more slowly than a Sooty Tern population under
the pressure of egging and disturbance are given above. Similar
reasoning from the information available on nesting dates, nest site
preferences, and mortaljty of Brown Noddies at Dry Tortugas helps
to explain parts of the population record (table 3), but the fit is a
good bit poorer than for the Sooty.

The main difficulty in estimating populations of Brown Noddies
seems to arise less from the obvious influx of new birds than from
long-delayed nesting starts by birds already in the colony. This
has vexed nest counters more than those who undertook to estimate
the number of adults in the area. As mentioned above, Watson
doubted that his c6unt of nests in 1907 recorded the entire Brown
Noddy population. Some later observers also have felt that the num-
ber of nests found failed to account for the adults on hand. Obser-
vations at the Dry Tortugas in 1960-1963 suggest that it is usual for
nesting starts by Brown Noddies to be distributed over a period of
at least 10 weeks from April to early July. It may be that the loafing
birds Watson and others considered to be non-breeders were merely
late breeders.

To illustrate, 89 (18.1 per cent) of 298 Brown Noddy nests that
I examined on Bush Key 11-15 July 1962 contained eggs. All that
were marked for later checking contained eggs or small young on 2
August, and young that were not more than half-grown on 8-11
September. I have no reason to think that any of these nests repre-
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sented renesting after failure of earlier attempts, but the possibility
cannot be excluded.

Dates of Watson's 1907 count of nests are not recorded, but esti-
mates of the Brown Noddy population in 1939, 1945, 1946, and 1948
through 1955 are based on counts of nests during or before the third
week of June. It is to be Muspected that these underestimate the
breeding population. Nest counts near the end of the season present
no difficulty because with few exceptions recently used nests are
easily distinguished from any nest remnants that may persist from
the year befbre.

The unproductiveness characteristic of late nesting by the Sooty
Tem at the Dry Tortugas seems untrue of late nests of the Brown
Noddy. No decline in the attentiveness of adult Brown Noddies with
young in the nest in early September 1962 was apparent. Barring
accidents of weather or predation, the young seemed likely to fledge
successfully. Such accidents, of course, become more likely as the
season of hurricanes and hawk migration advances at the Dry Tor-
tugas.

Factors other than human predation believed to have affected the
Brown Noddies in the Tortugas colony at various times are predation
by rats, mortality caused by storms during the breeding season, and
storm damage to bay cedar bushes. The population record since
1900 reflects to some extent the recorded occurrences of rat infesta-
tions and severe storms. Information below on hurricane occurrence
is taken from contemporary reports and from Dunn and Miller (1960)
and Tannehill (1950).

The years from 1900 through 1910 had one bad summer storm,
16 June 1906, and an infestation of rats on Bird Key is said to have
been eliminated by 1908 (Dutcher, 19086; Mayer, 1908). I suspect
that Thompson's (1903) estimate for 1902 was near the mark, and
that the 1908 Job-Burton estimate was much too low. Except for
the 1908 Rgure, agreement between the population record and the
record of disturbance is reasonably good. The colony appears at
first to have increased slowly; then to have declined slightly, and
then once more to have increased slowly to the end of the period.

I have seen no record that rats were present on Bird Key in ap-
preciable numbers after 1908. In the decade 1910-1919 Bird Key was
repeatedly battered by hurricanes. The Brst of importance, 15-17
October 1910, did great damage to the bushy vegetation (see p.
8). Early hurricanes of great severity occurred on 18-15 August and
8 and 28 September 1915, and 4 July I916. In 1919 the Dry Tortugas
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were hit squarely by a hurricane of extreme intensity on 10-11 Sep-
tember.

Records of the Brown Noddy population for this period, all from
warden reports, show a decline through the season of 1918, then a
meteoric rise to the 1919 figure, the highest ever reported for the
colony. This record does not tally satisfactorily with the record of
disturbance, if one assumes that the Tortugas colony is a discrete
population all of whose surviving adults return to breed annually,
The 1910 hurricane was too late in the season to have caused much
direct mortality, and its damage to vegetation cannot have affected
breeding success before the season of 1911. Available information
(Peacon, 1911 Ms.; Ashe, Ms. notes) suggests that nesting in 1911 was
normal. For 1912 and 1918 the reports indicate abnormal behavior
and great decreases in the number of adults which the observers
attributed to scarcity of nest sites. Ashe (MS. notes) reported that
Noddies were seen on Bird Key on 20 March 1912, an unusually early
date, but by 22 May only an estimated 400 had appeared, although
the population later increased to about 1500 (Peacon, 1912 MS.), In
another report on the 1912 season Watson (1912 MS.) advises planting
bay cedar bushes on Bird Key «in large quantities." The report for
1918 (Peacon, 1918 Ms.) lists only 600 adult Noddies and comments on
the great decrease of the species. If the population data are consid-
ered at all reliable, the decreases of 1912 and 1918 must have resulted
from the failure of adfilts to return to the colony. The decline seems
too early and tdo abrupt to result from less successful breeding after
1910.

Interpretation of the population trend for the years 1914-1919
presents even greater difficulty. It is known (Bowman, 1918) that
shrubby growth on Bird Key had recovered to a considerable extent
by 1915-1916. The 1910 storm may have greatly increased the amount
of thicket edge, and hence the number of available nest sites, by
breaking up formerly solid stands of bay cedar. If so, conditions
favorable to a rapid increase of Noddies may have existed by 1914
or 1915. The year-to-year increase, however, is much too large to
be accounted for entirely by the successful breeding of a discrete
Tortugas population. Moreover, the summer storms of I915 re-
portedly caused heavy mortality of adult and young Noddies on
Bird Key (Ashe and Bethel, 1915 MS.) and the same is almost surely
true of the hurricane of 4 July 1916.

The 1919 storm stripped Bird Key of vegetation and also killed
"many" terns (Ashe, 1919 MS.). This storm greatly reduced the num-
ber of suitable nest sites and no record of recovery of the bay cedar
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growth exists. Unless the 1919 storm killed most of the adults, how-
ever, the decrease from 85,000 in 1919 to 1600 in 1922 can be ex-
plained only by the failure of many adults to return to the Dry Tor-
tugas. The records indicate no decline in numbers over the years
of the enforced movement of the colonyfrom Bird Key to Bush Key.

The more recent record shows low points in the late 19309 and
the late 1940's. The Erst was attributable to. rat predation. The
causes of the second downturn are more obscure, but records sug-
gest that rats may again have been a factor. None of the reports
for 1986 mentions the presence of rats, but Russell (1988 MS.) who
spent the summers of 1936 and 1987 at the Dry Tortugas, states that
rats became common around the fort in the fall of 1986 and that
some apparently swam the channel to Bush Key. By the summer of
1937 rats were so numerous on Bush Key that they could be seen
commonly by day and "by thousands" at night. Russell believed the
Brown Noddy nesting season of 1937 a nearly complete failure, with
more than 90 percent of the eggs and young lost to rats. Other au-
thors give substantially the same account. I have seen nothing to
indicate that the rats killed adult Brown Noddies in any numbers,
yet only some 400 adults were in the colony the following year. As
the population Bgures for these two years are open to little question,
either the adult population suffered extra-Tortugan mortality of a
catastrophic nature or most of the population either bred elsewhere
or not at all. Practically no information is as yet available on colony
fidelity in this species and the factors that may modify it.

Whatever its mortality in the extra-Tortugan phases of its annual
cycle, the mortality of Brown Noddies at the ternery is low, certainly
much lower than in the Sooty Tern. On 11-15 July and 8-9 Septem-
ber 1962 James B. Meade (in July), my wife, and I counted and buried
all of the dead terns and unhatched eggs that we could find on Bush
Key and counted and examined all the nests of Brown Noddies. The
total observed mortality of Brown Noddies was 2 downy chicks and
11 larger juveniles, a remarkably low 1.28 percent. Although some
of the young still iinfledged in early September may not have ma-
tured, this suggests that under favorable conditions-no predators and
no summer storms-Brown Noddy populations can closely approach
their maximum possible rate of increase for the egg to fledging stage;
The Tortugas coleny has been largely free of disturbance by rats or
severe summer storms since the early 1950's, and the increase of
Brown Noddies in the past decade may approximate that possible
for a colony of its size performing as a discrete reproductive unit.

As in the Sooty Tem, the question of factors limiting the popu-



62 BULLETIN FLORIDA STATE MUSEUM Vol. 8

lation of Brown Noddies is debatable. In 1986 when the colony
last reached the level of about 4000 adults, unusual numbers were
found nesting on the ground. Several authors (Doe and Russell,
1986; Allen, 1986; Dickinson, 1941) suggested that this behavior re-
sulted from the scarcity of nest sites in bushes, but Beard (1988: 10)

"disagreed stating: There are more available nesting locations for
both species of birds [on Bush Key] than were ever present on Bird
Key." In 1955 Moore (1955 Ms.) reported the highest total of Noddies

"since 1987 and commented:...it was amply evident afield that
Bush Key has suitable Suriana thicket-edge for the nesting of twice
this present population."

TABLE 5. BROWN NODDY NEST SITES ON THE WEST HALF OF BUSH KEY
OUTSIDE THE MAIN BAY CEDAR THICKETS

Number of Nests
Nest Site 1962 1963

Dead Bushes (mostly Suriana) 68 76
Sea Rocket (Cakile lanceolata) 15 27
Bay Cedar (Suriana martima) 20 18
Bare Ground 10 10
Spurge (Euphorbia buxifelia) 10 2
Prickly Pear Cactus (Opuntia sp.) 5 7
Sea Lavender (Tournefortia gnaphalodes) 5
Sea Oats (Uniola paniculata) 1
Sea PursIane (Sesuvium portulacastrum) 1

Total 184 136

Close study of records of the vegetation of Bird Key suggest that,
although it was a much smaller island, it may well have had more
brushy edge at times than Bush Key does now, particularly if the
surmise that hurricanes fragmented formerly solid thickets is cor-
rect. As of 1962, the point of doubled population to which Moore
referred had been reached. Brown Noddies in recent years have
used a wide range of nest sites in addition to the typical bay cedar
fringes. Table 5 shows nest sites used by Noddies in 1962 and 1968
in the area between the shore of the western half of Bush Key and
the outer edges of the large bay cedar thicket in the center of the
island where most of the Noddies nest (see fgure 3).  Nest5 in isolated
living bay cedar bushes and some of those in dead bilshes were built
in a typical manner and within the usual range of heights above
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ground, roughly 8 to 10 feet. Most other Noddy nests in this section
were no more than 18 inches from the ground, rudimentary in form,
and intimately surrounded by nesting Sooties. Parent Noddies at
nests of this sort tended to participate in the panics that affected
nearby parts of the Sooty Tern colony, and the young seemed to be-
gin leaving the nest earlier than they ordinarily do nests in bay cedar,
often as downy chicks.

In both years a large proportion of the Brown Noddy nests placed
at, low sites within the Sooty Tern colony probably failed. Observed
pre-fledging mortality of Noddies was strongly concentrated in this
part of the colony, particularly near ground nests and those placed
on low herbaceous plants such as sea rocket, spurge, and cactus. In
July of both years evidence of nest success in the form of adults at-
tending young birds was conspicuously absent from the vicinity of
many such nests in addition to those where unhatched eggs or dead
young were found. Mortality recorded at the western outlying nests
in 1968 (8 eggs and 16 chicks) cannot be related to total mortality
because I did not examine all of the Brown Noddy nests in the cen-
tral thicket. In 1962, however, 77 percent of the observed mortality
(10 of 13 chicks) was associated with nests outside the main thicket in
the western half of Bush Key, which comprised only 18 percent (134
of 1065) of the total nests of Brown Noddies.

When the Brown N6ddy population on Bush Key is high, use
by Noddies of nest sites not typical for this colony apparently in-
creases, and such nests are much more likely to fail than are those
placed in live bay cedar bushes. Shortage of secure nest sites in the
immediate vicinity of the established colony thus may tend to set an
upper limit of population size. Ashmole (1986b: 458-459) argues that
competition for nest sites seldom regulates population size in tropical
sea birds because individuals that fail to get nesting space in one
colony can usually emigrate to less crowded colonies or found new
colonies. Acknowledging that successful emigration must have oc-
curred many times in the history of every wide-spread colonial ape-
cies, it is clear that attractioh to the known breeding place is a po-
tent countering factor in some sea birds. Potential emigrants seem
far more likely to expend their reproductive effort at less secure sites
in or near the existing colony. At least four times the presumed
overf[ow population of Brown_ Noddies at the Tortugas has used atypi-
cal sites on the island the colony was occupying rather than moving
into vacant bay cedar thickets on other islands near by-on Bird Key
after the hurricane of 1910 and in · the early 1980's; on Bush Key at
times of peak numbers in 1986 and at present.
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Indeed, Ashmole's (1962) account of the Black Noddies of Boat-
swain Bird Island, Ascension, suggests they behave similarly when
faced by a shortage of preferred nest sites. Crowding there report-
edly led them to use unsuitable ledges rather than colonize new cliffs.
Strong attraction to the traditional breeding place seems often to
inhibit the emigration of surplus birds and to determine a sequence
of events that effectively regulates colony size.

Except for Audubon's fanciful account, the effects of a concen-
tration of Sooty Terns upon the behavi6r, and perhaps the numbers,
of Brown Noddies nesting in the same area has scarcely been consid-
ered. Nest sites of most of the Noddies on Bush Key are ringed by
nesting Sooties. Digturbance by the Sooties may figure at least  in-
directly in the poor success of low nests of Noddies within the Sooty
Tern colony. At other times presence of the Sooties seems to have
favored the Noddies. Russell (1938 MS.) noted that ·almost the only
Noddies whose young survived the rat plague of 1987 were those
nesting in bushes surrounded by dense concentrations of nesting
Sooties. Contacts between Noddies and Sooties are infrequent in
the Tortugas colony. Of a similar aggregation on Pelsart Island,
Western Australia, Warham (1956: 89) stated:... there seemed
to be no friction between the two species." Nevertheless, the be-
havior of Brown Noddies at the Dry Tortugas differs considerably in
tile absence of the Sooties. Where Sooties are present in numbers,
Brown Noddies entering and leaving the ternery tend to Hy fairly
high and relatively few are taken in mist nets set on the open beach-
es. In September 1962 with most of the Sooties gone, Brown Nod-
dies swooped from perches on the bush tops and left the island in
low, rapid flight. This difference in their behavior is reflected in the
mist-net catches of 9-10 September when Br6wn Noddies were taken
at an average rate (8 per net hour) that far exceeded any previous
results for nets set in the open.

ROSEATE TERN

Audubon reported Roseate Terns, Sterna dougallii Montagu, nesting
in the Florida Keys (Howell, 1982: 264), but he and other early ob-
servers apparently saw none at the Dry Tortugas. The first were
reported by Bartsch (1919) who located a breeding colony of about
100 pairs on Bush Key or Long Key in July 1917. Most reports of vis-
itors to the area since 1917 have included some mention of Roseate
Terns. Three partial summaries of the records have been published
(Sprunt, 1948a, 1949, 1951), the last carrying the local history of the



1964 ROBERTSON: DRY TORTUGAS TERNS 65

species through the breeding season of 1949. Table 6 shows the
record of breeding occurrence of the Roseate Tern at Dry Tortugas,
1917-1968. The reports for a number of the years in this span de-
serve comment.

1917. In initial remarks on his observations of the summer of 1917,
Bartseh (1918: 171) wrote:... probably 200 common terns formed.

a rookery on the rough coral shore of the eastern end of the island
[Bush Key]. Their young birds of Various ages could be seen at all
times." The later, more detailed report of the 1917 breeding season
(Bartsch, 1919) does not mention the Common Tern in text, but dis-
cusses (p. 489) a colony of about 100 pairs" of Roseate Terns breed-
ing <'on the rough coral and shellstrewn northeastern end of Long
Key." The legends to Plates 27-82 in the 1919 publication, a series
of photographs of the colony site and of young birds, state that the
pictures show Common Terns, but a footnote (p. 500) cerrects this
to read Roseate Tern. The downy chick shown in one of the photo-
graphs (Bartsch, 1919: Plate 28a) is clearly a Roseate. It appears
certain that these reports refer to a single colony. A Roseate Tern
specimen in the U. S. National Museum Bartsch collected on Bush
Key 17 May 1919 doubtless served to establish the correct identity.

In his writings on the Tortugas, Bartsch appears on some occa-
sions to have followed the nomenclature of older charts on which
application of the names Long Key and Bush Key is reversed from
present usage. For this reason it is impossible to determine conclu-
sively whether the Roseate Tern colonies of 1917, 1921, 1922, and
1982 were located on the eastern sandspit of Bush Key or on one of
the ricks of coral fragments that comprise the island now known as
Long Key. This uncertainty is of little importance, because the
sites are similar and not more than a few hundred yards apart.

1921. Nests with 1, 2, and 8 eggs were seen (Bartsch, Ms. notes).

1922-1925. According to Bartsch (MS. notes), the terns wer6 assem-
bled at the colony site 14 May 1922, but had not begun to nest. For
7 June 1924 he noted,· "some seen, but colony not breeding." He
also observed numbers of Roseate Terns feeding in the Tortugas area
on 5 September 1928 and 12-18 August 1925.

1935. The total shown in table 6 is a synthesis of the estimates by
members of the Audubon party. Some of the observers thought that
no more than 100 pairs of Roseates were in the colony (Russell, 1988
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Ms.). Mason (1986 and in Ntt.) reports young 8 or 4 days old and
many eggs not yet hatched.

1936. The published account (Doe and Russell, 1986: 7) states:
"There were probably about the same number of roseate terns as
last year...," but Doe (MS. notes) recorded that the Roseate Tem
colony numbered "about 400 nests." Nesting was apparently just
beginning, for Mason. (Ms. notes) wrote "96 nests located, all with 1
or 2 eggs. None yet hatched."

1937. Reports of the trip (Young and Dickinson, 1987; Longstreet,
1987) give no estimate of the number of Roseate Terns seen. This
omission misled Sprunt (1949, 1951) to state that none bred at the
Dry Tortugas in 1937. Young and Dickinson, however, mention (pp.
8-4) that they visited a key where Roseate Terns were nesting and
they include (p.6) a photograph with the legend, "Roseate Tem
banded by C. R. Mason on Sand Key." Banding schedules show
that Mason banded three adult Roseates on Sand (Hospital) Key on
25 June 1937 and he advises (in litt.) that as he recalls it the colony
nesting there was slightly smaller than the ones observed on Bush
Key in 1985 and 1986.

1938. Mason (1988: 1) noted the nesting colony included "better
than 800 birds." His MS. notes record that 157 nests with eggs were
counted, and that the location of the ternery, not mentioned in the
published report, was the eastern sandspit of Bush Key.

1940. Nesting was just beginning. The observers found 5 nests each
containing a single egg. In addition, the Fort Jefferson Custodian
told Robinson (1940: 8) that "quite a number" of Roseate Terns were
believed to be nesting on Bird Key, then re-emerging as a sandbar.

1941. The brief report of the two parties of observers who Visited the
Dry Tortugas in June 1941 (Rea, Kyle, and Stimson, 1941) mentions
only that Roseate Terns were nesting on Bush Key. Louis A. Stim-
son (in lin.) writes me that the Brst group saw but one Roseate Tem,
in flight Over Fort Jefferson. Roger T. Peterson, who accompanied
the second group, writes me (in litt.) that he saw no Roseates, but that
the Custodian of the fort told him there was a nesting colony on the
east end of Bush Key. Individuals who had seen the colony in both
years told R. R. Budlong (1942 Ms.) that it was about the same size in
1941 and in 1942. As with the 1987 report, lack of a definite popula-
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tion B gure has resulted in the statement that the species was absent
from Dry Tortugas in 1941 (Sprunt, 1949).

1942. The colony was located "on the reef between Bush and Long
Keys." The total shown seems to have been only a rough estimate,
the author commenting that he was able to visit the area but once,

"on 2 July, and found numerous eggs and young birds.

1943. No population ftgure is given in the report which merely states
"The Roseate Tern colony seems to contain about the same number
Of birds as last year."

1947. Sprunt (1948a: 29) counted 67 nests on Long Key, 54 on Bush
Key, and 21 on Hospital Key. In addition, about 12 young (not in-
cluded in the total) survived from an earlier nesting on Long Key
disrupted by high tides.

1948. Sprunt (19480: 14) counted a total of 216 nests with hatching
"about 50% complete." He adds: "It is Virtually certain that a few
were missed, despite care. A total of 225 is very likely."

1949. Dilley (1950: 682 located 44 active nests on Bush Key and 7
on Long Key. An additional 17 nests on Hospital Key (not included
in total) are said to have been abandoned.

1950-1952. Nest locations in the three years were: 1950, 55 on Bush
Key and 7 on Hospital Key; 1951, 85 on Hospital Key and 38 on Long
Key; 1952, 136 on Long Key and 58 on Bush  Key. From observations
later in the summer of 1950, John R. De Weese (in litt. to Dilley)
reported storm tides Hooded all the Roseate Tern nests so that no
young were reared that year.

1953. An earlier group of 9 nests on Middle Key, the only Roseate
Tern nests present in the area on 26 May (Moore, 1954 MS.), was de-
stroyed by high tides during a storm 28-80 May. The later nesting
included 79 nests on Hospital Key, 26 on Middle Key, and 15 on
Bush Key.

1956. When counted, .many of the nests (88 on Long Key and 14
on Bush Key) had incomplete clutches and a number of fresh nest
scrapes without eggs were present. Two weeks earlier Margaret H.
Hundley had estimated 150 Roseate Terns in the Tortugas area
(Stevenson, 1956: 827).
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1957-1958. The record for these years is almost certainly incom-
plete. No 1957 observations later than mid-May are available, and
in 1958 no particular effort was made to 16cate the colony. Possibly
colonies of more normal size developed each year.

1959. A hasty count located approximately 225 nests in a dense mat
of Sesuvium on the highest ridge of Hospital Key. Hatching was
about half completed with the largest chicks about one week old.
The party banded 80 chicks.

1960. Observers who visited the Dry Tortugas in early May saw
some Roseate Terns around the east end of Bush Key, but the colony
apparently had not begun nesting (I. Joel Abramson, in litt.). Band-
ers working there 27-81 May frequently saw a few Roseates Eshing
in the bight between Bush Key and Long Key, but found no nests.
Severe squalls prevented visits to any of the outlying keys by either
party in May. On 11 July members of a second group of banders
landed on all the keys. No Roseates were nesting at that date, but a
densely massed assemblage of terns and gulls on Middle Key in-
cluded about 100 individuals of some species of white Sterna, many
of which were birds of the year. The behavior and unsteady flight
of these youngsters indicated that they had been reared at Dry Tor-
tugas, although not necessarily on Middle Key. Opportunity to study
the adults was brief, and the observers, aware of the uncertainty sur-
rounding reports of southern nestings of the Common Tern concluded
that the birds were Roseates. The single juvenile netted and banded
on Middle Key was so reported.

1961. Oliver L. Austin, Jr., and William G. Atwater banded 20 well-
grown juveniles on the east spit of Bush Key 16 July.

1962. The Roseate Terns Brst located on several elongate heaps of
rough coral fragments near the south end of Long Key. A member
of the banding party; Theodore R. Greer, devoted several days to
photographing (figure 9) and observing the colony from  a blind. On
27 May he counted 118 nests, 84 containing single eggs and 84 with
two-egg clutches. On 18 June a field excursion group of the 18th
International Ornithological Congress (Robertson, 1962) found the
colony site deserted and broken egg shells remaining in the nest de-
pressions. Slight vascularization of the inner shell membranes indi-
cated that predation had occurred early in incubation, and the way
the shells were broken suggested the work of an avian predator. The
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most likely suspects were the some 20 cattle Egrets, Bubulcus ibis,
then frequenting Bush and Garden Keys. Cattle Egrets at the Dry
Tortugas have formed some unusual feeding habits. In May and
June 1962 and May 1968 they were frequently seen to stalk and kill
injured or exhausted spring migrant passerines (mainly Parulids) and
to feed upon small birds already dead.

335.

... If''

FIGURE 9. Roseate Tern incubating, south end of Long Key, 26 May 1962.
The colony occupied several dune-like clevations of coral rubble. The bird pic-
tured had a darker bill than most of the adults in the colony, but note that lower
mandible is lighter (reddish) at the base. (Photograph by Theodore R. Greer.)

Some of the Roseates appear to have renested on Hospital Key
in July. C. R. Mason and others found about 50 nests, all with one
egg, there on 16 July. Park Ranger Carl S. Christensen (in litt.)
visited the colony 10 days later and reported that hatching had be-
gun. At that time none of the nests contained more than one egg,
apparently the normal clutch for second nestings of Roseates at the
Dry Tortugas.

1963. On 17 and 18 May members of the handing party counted 73
nests, each containing one or two eggs, and banded 82 adult Roseates
on Hospital Key. On 7 July large young from the May nesting were
congregated on the beaches and an estimated 150 additional adults
had arrived and begun nesting.
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DISCUSSION

Comments on the nesting of the Roseate Tern at the Dry Tortugas
have stressed the isolation of the colony and its erratic fluctuations
in size from year to year. Sprunt (195la: 14), for example, writes:
'The marked fluctuation of this tem at Tortugas seems without ex-
planation as, indeed, does the very fact of its being therel" Analysis
of the longer record of population now available suggests that much
of the supposed fluctuation results from incomplete data.

The Tortugan Roseate colony has shifted frequently between the
Bush Key-Long Key area opposite Fort Jefferson and the area of
Hospital and Middle Keys, several miles northeast of the Fort. In
some years the entire breeding population has been concentrated on
one key; in other years two or three separate colonies existed (table 6).
Observers are not likely to have overlooked Roseate Terns nesting
on Bush Key or Long Key, but Hospital and Middle Keys are less
easily accessible and neither was visited by the observers who re-
ported for 1985, 1986, 1989, 1940, 1941, and 1956, nor probably for
1988,1942,1948, and 1945.

TABLE 6. BREEDING RECORDS OF ROSEATE TERNS AT THE DRY TORTUGAS

Location of Number of
Date Ternery Adults Source

19-81 July "Long Key" 200 Bartsch (1919)
1917

9 June "Bush Key" 200 Bartsch (ms. notes)
1921

14 May "Bush Key" 200 Bartsch (rns. notes)
1922

August, 'in the quarters "the usual Bartsch (1932)
1932 previously . . . colony"

occupied"
19-20 June Bush Key 400 Mason (1986)

1935 Longstreet (1986a, 1986b)
17-19 June Bush Key 400 Doe & Russell (1936)

1986
28-25 June Hospital Key 250-300 Mason (ms. notes)

1987
20-25 June Bush Key 814 Mason (ms. notes)

1938
21 J une Bush Key 214 Taylor (1939 ms.)

1989
about 3 J  une Bush Key 20 Robinson (1940)

1940

(continued)
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TABLE 6 (continued)

Location of Number of
Date Ternery Adults Source

early June, Bush Key ? See comments
1941

2 July Long Key c. 150 Budlong (1942 ms.)
1942

1948 Bush Key c. 150 Budlong (1948 ms.)
18-20 June Bush Key 170 Sprunt (1946a)

1945
23-25 J  une Long Key 284 Sprunt (1948a)

1947 Bush Key
Hospital Key

15-18 J une Long Key 450 Sprunt (1948c)
1948

18 June Bush Key 102 Dilley (1950)
1949 Long Key

(Hospital Key)
1-5 June Bush Key 124 Moore & Dilley (1958)

1950 Hospital Key
81 May-4 June Hospital Key 186 Moore & Dilley (1958)

1951 Long Key
27 May Long Key 888 Moore & Dilley (1953)

1952 Bush Key
1 July Hospital Key 240 DeWeese (1958 ms.)

1958 Middle Key
Bush Key

27 May Hokpital Key 870 Moore (1954 ms.)
1954

3 June Bush Key 486 Moore (1955 ms.)
1955

26 May Long Key 204 Robertson (1956 ms.)
1956 Bush Key

19 May Hospital Key 80 DeWeese (1957 ms.)
1957

June Bush Key 15 Ward (in liM:)
1958

13 June Hospital Key 450 O. L. Austin, Jr. et al.
1959

7-8 May (Bush Key) 100-125 Abramson (in att.)
1960 Middle Key?

7-17 July Bush Key 120 R6bertson (1961)
1961

25-28 May Long Key 286 Greer (in Ntt.)
1962

May and July Hospital Key c. 800 C. R. Mason,
1963 W. B. Robertson, et at.
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In addition to low counts resulting from incomplete coverage,
some counts made while the colony was forming surely underestimate
the actual breeding population. Roseate Terns at the Dry Tortugas
are often well behind the Sooties in their breeding schedule, and
nesting dates have varied considerably from year to year. In some
years the full complement of breeding adults assembles by mid-May
and laying begins during the first week of June. In other years
many first nests still have incomplete clutches the last week of June.

The relation between the date and the size of the population re-
corded is well illustrated by the records for 1989 when on 9 June Rob-
inson (1939: 9) estimated about 80 Roseate Terns on the east end of
Bush Key and found 18 nests with eggs. On 21 June in the same
colony Taylor (1989 Ms.) counted 107 nests with eggs. Moore, in
1952 (Moore and Dilley, 1958: 78), counted 98 nests on Bush and
Long Keys 24 May and 194 nests there on 27 May. In late May 1958
Moore (1954 MS.) was able to locate only 9 Roseate Tern nests at the
Dry Tortugas, but by July (DeWeese, 1958 Ms.) 120 nests were pres-
ent on three keys. Checks of this sort are not available for other
years, but the earlier counts clearly have tended to be lower. The
low Roseate Tern populations recorded in 1940, 1950, 1951, and 1957
all derive from counts made in May or the Brst week of June.

In 1946 a search of all of the Tortugan keys 16-20 June revealed
no Roseate Terns (Sprunt, 1946a: 1,7). The Custodian of Fort Jeffer-
son, however, had reported a few Roseate Terns in the area during
May (Gibbs, 1946 Ms.). Perhaps none nested at the Dry Tortugas
in 1946, but it may also be that formati6n of the colony was unusu-
ally retarded that season, or that an early nesting was destroyed by
spring tides or predators. Excepting only 1946, all complete surveys
of the known nesting keys made after mid-June have located breed-
ing aggregations of approximately 150 to 450 adult Roseate Terns.
Thus the Tortugan Roseate colony appears neither particularly erratic
in its breeding nor to undergo numerical fluctuations of unusual mag-
nitude.

The difficulties of season and location mentioned above may
possibly account for the failure of 19th century ornithologists to find
Roseate Terns at the Tortugas. While it seems likely that Audubon
and others would have investigated all the keys, it is not certain
that any of them did. Scott, and probably also Audubon, Bryant,
and Maynatd's assistants were at Dry Tortugas too early in the spring
to find Roseate Terns, assuming that the colony existed and followed
its present seasonal schedule. In addition Bryant's testimony is ren-
dered equivocal by the possiblity that he confused Roseate and Com-
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mon Terns. His statement that he saw no Roseate Terns follows his
comment (1859a: 21): «I found the Little Tern and Wilson's Tern
breeding at different localities among the keys and along the shore
of the mainland."

As for the Tortugan colony's reputed isolation, while it is indeed
remote from the remainder of the Roseate Tem's breeding range in
the United States, it is at the periphery of the species' extensive An-
tillean-Caribbean range. In terms of the species' world range, it
is rather the North Atlantic colonies that are unusual. Most other
Roseate Terns nest within about 80 degrees of the equator (Voous,
1960: 151, map 196). The colonies that breed from Virginia to Nova
Scotia and from Britanny to Jutland may be relict as Fisher and Lock-
ley (1954: 87) suggest, but local extirpation cannot be disregarded as
a possible cause of present breeding range discontinuities. In Flor-
ida, for example, no Roseate Tem nesting colonies have been known
since the mid-19th century, except the one at the Dry Tortugas.
Many summer sight records of Roseate Terns in the central Florida
Keys and the recent report of a small colony "on the Vaca Keys
in which 8 chicks were banded and several nests with single eggs
seen on 11 June 1962 (Pace, 1962) suggest the possible recolonizing
of former breeding range. This colony of about 80 adultg was again
active in the summer of 1968 (Christine A. Bonney, personal com-
munication).

LEAST TERN

The egg collection catalogue of the U. S. National Museum lists eggs
of the Least Tern, Sterna albifrona Pallas, taken at Dry Tortugas in
1859 and 1861 (Robbins, in litt.). Little else is known of its nesting
there prior to 1900. Scott (1890: 806) was informed that it occurred
commonly, but saw none during his visit in March-April 1890. By
1900 the Tortugan population of Least Terns had declined greatly.
Thompson (1908: 88-84) found a colony of 80 pairs on Long Key in
1902 and reported that formerly p6pulous colonies on Loggerhead
Key had been dispersed by eggers. Watson (1907: 815-316) reported
50 pairs attempted to nest Brst on Loggerhead Key and then on Hos-
pital Key, but predation and disturbance prevented both coloni6s
from producing young and he considered the species nearmg ex-
tinetion at the Dry Tortugas.

With the establishment of the Carnegie Tortugas Laboratory,
A. G. Mayer, the first director, undertook to stop the gathering of
tern eggs and to control the rats that infested several of the keys.
In 1908  he wrote that the success of these efforts could be seen in
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the thriving colonies of Least Terns on both ends of Loggerhead Key
and on Bush Key, the latter said to number about 1000 birds (Dutcher,
1908b; Mayer 1908). The revival of the colonies on Loggerhead Key
was short-lived. In 1917 Bartsch (1919: 487) observed that "the per-
sistent efforts of eggers" had finally driven the birds away from the
island. Small nestings were reported on Loggerhead Key in 1982
(Bartsch, 1982: 287) and in 1935-1936 (Russell, 1988 MS.), but there
has been no subsequent indication that the Least Tern might recol-
onize its original Tortugan breeding ground. Its failure to do so at
Loggerhead may be explained in part by the fact that dogs and cats
kept by the lighthouse personnel often have had free range of the
island.

In contrast to the checkered history of the Loggerhead colonies,
Least Terns nesting in the Bush Key-Long Key area maintained a
fairly constant population for many years. Bartsch (1916, 1917,
1919) reported a colony of 200 on Bush Key in 1915, 500 there in
1916, and 500 on Long Key in 1917. On 9 June 1921 there were 400-
500 birds on Long Key and Bartsch noted on 3 June 1924 (Ms, notes)
that several colonies were breeding in the Tortugas. Warden
Charles I. Park (MS. notes) estimated 500 Least Terns nesting on Long
and Bush Keys in July 1929, and 700 nesting on Bush Key in 1930.
Bartsch (1932: 281) found "the usual breeding colonies" active in
August 1932.

The Brst Florida Audubon Society Tortugas trip in 1935 reported
200 Least Terns nesting on the east spit of Bush Key (Mason 1936:
18), which suggests the population was somewhat reduced from that
present a few years earlier. The following year Doe and Russell
(1986: 7) estimated this colony to number only 100 birds. In 1987
there were no Least Terns on Bush Key, but about 25 pairs nested
in the Roseate Tern colony on Hospital Key (Russell, 1988 MS.)

In the next four years Least Terns were reported on the east spit
of Bush Key and adjacent parts of Long Key as follows: In 1988
Mason (1988:4) found 11 nests. In 1989 Robinson (1939: 9) reported
25 adults, and the following year (1940: 8) "Not more than a dozen

"Least Terns in the colony." In 1941 Stimson (in litt.) reported a
few Least Terns nesting.

In 1946 Sprunt (1951: 15) saw ,empty nest scrapes on both Bush
and Hospital Keys, but does not mention how many birds were
present. In 1947 he reported (1948a: 80) "less than a dozen" adults
on Bush add several scrapes without eggs on Middle or Hospital Key.
In 1948 he reported (19480: 13-14) 12 birds on Bush Key, where the
following year Dilley (1950: 68) found a single nest with eggs. In
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1951 Moore and Dilley (1958: 78) saw two birds but found no nest.
Thereafter no Leasts were reported at the Tortugas during the breed-
ing season until July 1963, when about five adults were seen for sev-
eral days around Garden and Long Keys.

As mentioned under Roseate Tern, Hospital Key was not visited
in some years, and some of the visit5 after 1985 may have been too
early in the season to record Least Terns nesting. The record is
doubtless incomplete, but certainly the species no longer breeds reg-
ularly at the Dry Tortugas.

No clear explanation of the rapid disappearance of the Least
as a breeding species at the Dry Tortugas can be advanced. Be-
tween 1982 and 1987 a stable and long-established population of ap-
proximately 500 breeding adults on Bush Key-Long Key decreased
to a few birds, with no evidence that the colony suffered disturbance
of any sort. The decline of the Least Terns during the years when
the colony of Sooty Terns was becoming established and increasing
on Bush Key suggests the possibility of some relationship betweeh
the two events. Also of possible significance is the great increase of
Least Tem colonies along the adjacent· coasts of southern Florida
since the early 1980's. Dredging along the Inland Waterway and
for coastal real-estate developments has created innumerable small,
sheltered islets and bars which provide ideal nesting sites, perhaps
preferable to more expbsed islands like the Tortugas.

COMMON T~RN

Until Hallman (1961) reported two nests found "in the midst of the
colony of Least Terns" on a spoil island in St. Joseph's Bay, Gulf
County, in June 1961, observations at Dry Tortugas provided the
only generally accepted evidence of the nesting of the Common Tern
in Florida (Hdwell, 1982: 268). In fact, the Tortugan colony has been
considered the only one in the entire Gulf of Mexico region (Lowery
and Newman, 1954: 580), although the A.O.U. Check-List (1957: 285)
mentions breeding colonies on the coast of Texas, and Stewart (1962:
485) recently reported a possible nesting on the Gulf coast of Mis-
sissippi.

The few records of breeding at the Tortugas are not altogether
satisfactory. They are documented neither by specimens nor photo-
graphs, and a strong possibility of confusion with the Roseate Tem
exists. As has been noted, the Brst report of nesting Common Terns
in the area (Bartsch, 1918) proved to be based on a misidentification
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of Roseate Terns and was later corrected (Bartsch, 1919). The other
reports are summarized below.

Bartsch (MS. notes) reported a colony of 75 pairs of Common
Terns on Bush Key 8 June 1924 and noted that the nests contained
«1-4 eggs or newly hatched young." On 18 August 1925 he reported
quite a colony present" at Bush and Long Keys, and in 1932 (Bartsch,

1982: 281) "the usual breeding colonies" were said to be active. I
have been unable to learn anything more about these observations.
It is to be noted, however, that Bartsch also reported Roseate Terns
at Dry Tortugas on about the same dates in 1924 and 1925.

The remaining records date from the breeding seasons of 1985,
1986, and 1987. In each case Common Terns were reported nesting
with a larger group of Roseate Terns on the east spit of Bush Key in
1985 and 1986 and on Hospital Key in 1987. Available information
suggests some uncertainty in the minds of the observers concerning
identification of the birds as Common Terns and the numbef of pre-
sumed Common Terns present. The number in 1985 was reported var-
iously as 50 birds (Mason, 1936: 18; Longstreet, 1936a: 88) "about 75
pair" (Longstreet, 1986b: 99), and "100 pair"  (Doe, Ms. notes). Long-
street (1936a: 42) commented: "Mr. Mason and I believe that we
found the common tern breeding on Bush Key. However, we did
not collect any birds or eggs.

The report of the Florida Audubon Society's Tortugas trip of
1986 (Doe and Russell, 1986: 7) states: ",.. the cOmmon terns
showed a marked decrease, only a few pairs being noted." Mason
advised me (in liu.) that only four birds were seen on Bush Key in
1936 and that no nests were located. Russell (1988 MS.), however,
wrote elsewhere: "...in 1985 and 1986 I estimated the same colony
to contain about 200 birds." The latter statement could pertain to
observations made later in the summer.

Published accounts of the 1987 trip (Lohgstreet, 1987; Young and
Dickinson, 1937) do not mention the Common Tern, but Mason (in
litt.) saw a few adults that he believed were Common Terns among
the Roseates on Hospital Key. Russell (1938 MS.) states that Common
Terns nested on Hospital Key in 1987 without indicating how large
the colony was. Since 1987, the only reported occurrence at the
Dry Tortugas during the breeding season appears to be two seen on
Middle Key by Mr. and Mrs. John R. DeWeese, 29 May 1955 (Moore,
1955 Ms.)

It seems necessary to conclude from the above that breeding of
the Common Tern at the Dry Tortugas is not proved. The downy
young of the Common and Roseate Terns are easily distinguishable
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by anyone familiar with them. Chicks of the presumed Common
Terns at Tortugas were seen in 1924 and probably also in 1985 (Ma-
son, in litt.), but no record that they were compared critically with
Roseate Tern chicks exists. In addition, some of the, identifications
of adult Common Terns apparently were based upon the bill color,
which often is unreliable for separating C6mmons and Roseates.
Greer (in Ntt.) advised me that no more than 15 or 20 of the adults in
the colony of Roseates on Long Key in May 1962 had entirely dark
bills, the others having at least the basal third of the bill orange-red.
The latter is considered to be the "variant" condition by Peterson
(1947: plate 37), while Pough (1951: 288) states: "Its bill. is black ex-
cept for a little red at the base (occasionally more)."

The Common Tem has been reported to nest at a number of New
World localities south of its regular breeding range. Considerable
uncertainty surrounds most of these records, however, because of the
similarity between Common and Roseate Terns, and because band-
ing evidence shows subadult Common Terns often sufnmer in the
tropics. As Voous (1957: 189) notes: "Its nesting in the West Indian
region has been almost as frequently stated as it has been reject-
ed ..." Bond (1956: 58) gave full credence to none of the numerous
reports of breeding in the Bahamas and elsewhere in the West Indies.
Similar doubt attaches in some degree to most or all of the alleged
nestings on the South Atlantic and Gulf coasts of the United States,
including those at the Dry Tortugas.

Voous (1957: 187-140; 1968) has recently published unquestion-
able proof of the Common Tern nesting at Curagao, Aruba, and
Bonaire in the southern Caribbean. Records that he assembled sug-
gest that the species has a long history there as an irregular breeder
in solitary pairs or small colonies of fewer than 20 adults. It is also
said to breed in the nearby Venezuelan islands of Los Roques and
Las Aves (Phelps and Phelps, 1958: 111). As Bond (1958: 5) states,
this proof of southern nesting compels a re-examination of the earlier
reports.

The significance of the proved and reported southern nestings
of the Common Tem is not clear, but most of the records seem to
conform to a pattern-small numbers of birds nesting sporadically,
Often in association with larger colonies of other terns, especially
Roseates and Leasts. Band recoveries show that many 1-, 2-, and 3-
year-old Common Terns summer in the Caribbean and elsewhere
south of the species' usual breeding range. I suggest as a provisional
explanation that some individuals in these normally subadult age
groups reach sexual maturity in southern latitudes and are occasiona-
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ally stimulated to nest when they become associated with terneries
of other species.

Voous (1960: 128) has commented: "The few recorded breeding
places in the tropics, very limited in extent and altogether isolated
from one another, must be regarded as recent colonizations by birds
left behind after wintering ..." As presently known, however,
southern nestings of the Common Tern seem to fit more closely the
hypothesis that they are anomalous, impermanent, and perhaps re-
lated to the age of the individuals. It is doubtful that they have sig-
nificance as extensions of the species' breeding range.

ROYAL AND SANDWICH TERNS

Audubon found the Royal Tern, Thalasseus maximus (Boddaert),
nesting abundantly at the Dry Tortugas in May 1882. John Krider
(1879: 80), presumably from observations made in the spring of 1848,
writes of· it: "Very abundant on Tortugas Island, Florida, and breeds
on the Keys of Florida." In May, probably of 1850, Bryant (1859a:
20-21) visited Northeast Key, Dry Tortugas, where he observed this
species and the Sandwich Tern, Thalasseus sanduicensis (Latham),
breeding "in great numbers." The U. S. National Museum contains
eggs of the Royal Tern collected at Dry Tortugas by Gustavus Wurde-
mann in 1858, and eggs of both species collected by Dr. D. W. White-
hurst and Captain D. P. Woodbury in 1859 (H. G. Deignan, in litt.).
Scott (1890) does not mention the Sandwich Tem, but he saw sizable
flocks of Royal Terns at the Dry Tortugas in early April 1890, and
was told that many remained there to breed.

These brief comments span the entire record of breeding by these
species at the Tortugas, except that a single Royal Tern egg was found
on Middle Key in May 1952 with no further evidence of nesting
(DeWeese, 1952 MS.) In Sprunt's (1962: 84) report of my 7 Novem-
ber 1961 observation of Royal Terns "... there appeared to be
several times this number nesting 6n the south end of Long Key,"
nesting is a typographical error for resting. Royal Terns still visit
the Tortugas regularly, sometimes in large numbers. For the Sand-
wich Tern a number of observations exist from the neighborhood of I
Key Wests including several in summer, but three sight records, two
of them reeent, are the only known occurrences at the Dry Tortugas
in this century (Sprunt, 1962: 84).

Northeast Key, mentioned as the site pf the nesting colony of
Royal and Sandwich Terns, had washed away by,1875. The narra-
tive of a survey made in that year states (Coast Survey, 1878): "North
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Key, Northeast Key, and Southwest Key, as represented on old maps,
have no existence now, not being bare even at low water." Other
islands nearby, such as East Key, had areas apparently suitable for
the species, and it seems doubtful that loss of one key could have
caused loss of the colony. A more likely explanation is that the in-
creasingly persistent egging after about 1880 (Scott, 1890) eventually
extirpated the ternery. Both Thalasseus species nested commonly
at a number of southern Florida localities in the 1800's, but no breed-
ing colony of either species is kn6wn to exist in the area today.

BLACK NODDY

The Black Noddy, Anous tenuirostris (Temminck) was first recorded
in the continental United States at Bush Key, Dry Tortugas, 18 July
1960 (Robertson et al., 1961), when one was collected and a second
individual seen. During the summers of 1961, 1962, and 1968 the
species was seen repeatedly on Bush Key. With one exception the
observations have been of single birds, usually perched with Brown
Noddies in the dead tree at the south shore of Bush Key from which
the 1960 specimen was collected. To date at least five different indi-
viduals have been seen, and the species apparently is of more than
casual occurrence there.

The Black Noddy is slightly smaller and darker than the Brown
Noddy, its bill is thinner, and its crown patch is whiter, more sharply
defined, and extends farther back on the nape. Yet the two species
are so similar in general appearance and behavior that one could
easily be overlooked in a congregation of the other unless the ob-
server were expecting or wafching for it. Sutherland (1961) describes
how he first spotted the Black Noddy in 1960, while making pro-
longed observations on a group of Brown Noddies in the "noddy
tree" on Bush Key to record their calls. Otherwise the species might
easily have gone undetected, and it is indeed possible that a few
birds may have frequented the Tortugas ternery unnoticed for many
years.

In 1961 the Brst party of banders saw a Black Noddy daily in the
noddy tree 26-81 May. The bird is clearly recognizable in 16-mm
color movies B. G. Hubbard took 27 May (figure 10). The second
banding group also found one Black Noddy on station in the tree
7, 10, 11, and 15 July. The bird seen in May had an indistinct slash
of lighter brown across the left middle coverts, apparently caused by
worn feathers it had not molted. The bird seen in July lacked this
mark and may have been a different, individual. Repeated attempts
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by both groups of banders to capture the bird failed. It showed
the extreme tameness characteristic of noddies and tolerated ap-
proach to within a few feet, but was much more agile on the wing
than the Brown Noddies and easily avoided both mist and hand nets.

In 1962 four parties with a combined total of more than 50 ob-
s-ervers searched Bush Key for Black Noddies without success 5-6
May, 11-14 May, 25-28 May, and 18 June. The second banding
party found one at the usual roost on 7 and 11 July, and on 18 July
caught it in a hand net. It was banded (688-12000 on right leg, un-
numbered red plastic on left), weighed (108 grams), measured (wing
arc 218 mm, exposed culmen 42 mm), photographed (figure 12) and
released. Its mouth lining, by Palmer and Reilly's (1956) color stand-
ards, was approximately "scarlet-orange", strikingly different from the
"orange-yellow" of the Brown Noddy's mouth. This individual has
not been reported since. The party saw no more Black Noddies
through 15 July, and  .I could find none on 2 August. On the eve-
ning of 9 September, however, my wife and I caught a second Black
Noddy in a mist net on the west beach and banded it (688-11999).

The first 1968 banding party saw one Black Noddy near Hospital
Key 17 May, but could find none on Bush Key. On 6 July the second
party found one unbanded bird perched.among Brown Noddies at the
north coaling dock on Garden Key and photographed it from a dis-
tance of a few feet. On 9 July two Black Noddies, neither banded,
roosted for several hours at the same place. One of these differed
from all others seen at the Tortugas in having the back of the pileum
dusky rather than white. Presumably it was a younger individual.
A number of interspecific squabbles for roosting space were observed,
in which the larger Brown Noddy was usually dominant.

Thus one or more of at least five individual Black Noddies have
been present at the Tortugas ternery during four successive summers.
Their known extreme dates of Occurrence, 17 May-9 September, span
virtually the entire breeding period of terns in the area. Since 1960
we have devoted considerable time, perhaps 50 or more man-hours,
to searching for a possible Black Noddy nest. So far no Black Noddy
has been seen at a nest, and no nests, eggs, or young have been found
that appeared to differ from those of the Brown Noddy.

The Black Noddy of July 1962 was several times observed to leave
its perch in the noddy tree and fly directly into an area of dense
brush near the west end of the key. This behavior was suspiciously
like that of the off-duty member of an incubating or brooding pair,
but minute search of the area-several acres of tightly interwoven
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FIGURE 10. Black Noddy (left) and Brown Noddy, Bush Key, 27 May 1961.
(Photograph enlarged from 16 mm movie by B. G. Hubbard.)
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FIGURE 11. Black Noddy (upper left) and Brown Noddies, Bush Key, Dry Tor-
tugas, 7 July 1962. (Photograph by Nagahisa Kuroda.)
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old bay cedars growing amid thick beds of Opuntia cactus-was im-
possible in the time available.

The bird we banded some 7 weeks later in September we netted
on the shore near the same area. The bird was coming into the
ternery, and while being handled disgorged a rounded food mass
about 40 mm in diameter, the compacted remains of a large number
of tiny minnows. The Brown Noddies at the time were still feeding
a few large young in or near the nests.

Therefore while we strongly suspect and would like to believe
that the Black Noddy has been nesting at Dry Tortugas, we have
not as yet been able to prove it.

6

...t:..

FIGURE 12. Close-zip of the head of the first Black Noddy banded at Dry Tor-
tugas, Bush Key, 18 July 1962. (Photograph by James B. Meade.)
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