COLONY VISITATION BEHAVIOR AND BREEDING AGES
OF SOOTY TERNS (STERNA FUSCATA)!

By Briax A. HaArrINGTON

INTRODUCTION

The apparent regulation of population size in seabirds has been a
topic of recent research by several ornithologists (e.g. Ashmole,
1963b; Harris, 1969a, b, ¢; Nelson, 1965, 1966, 1969a, b; Rowan
1965; and Lack, 1968). These authors theorize that major limiting
factors are either availability of food or nest space and that conse-
quently a direct or indirect extrinsic influence on population size
exists through selected regulation of clutch-size, mortality, deferred
maturity, long parental care, long breeding cyeles, and social be-
havior. In contrast, Wynne-Edwards (1955) suggests that colonial
seabirds have intrinsic responses to varying food supply and that by
collective social mechanisms they maintain population sizes com-
patible with existing food supply. He further suggests one method
of maintaining appropriate numbers is through regulation of colony
size, and he implies that this regulation is often enforced by estab-
lished breeders preventing young individuals from securing and
utilizing space in a colony (1962: 557). Ashmole (1963b) argues that
the Wynne-Edwards hypothesis requires limited nesting space or
defense of unoceupied areas in colonies that are not filled to capac-
ity. He believes (1963b) that it is more likely that a density-
dependent variation of recruitment rates of young adults into the
breeding population exists, and that the recruitment rate is likely
to be mediated by competition for food round the colony.

Critical to any study of population regulation is knowledge of
breeding ages, or specifically whether deferred maturity exists, and
if so, whether it plays a role in population regulation. The major ob-
jectives of this report are to present such information for the Sooty
Tern (Sterna fuscata) based primarily on observations of its breeding
on a tropical Pacific island, and to discuss certain factors that may
influence initial breeding ages. The Sooty Tern is especially suitable
for several reasons: it is a tropical oceanic species, inhabiting an
environment known to be of low productivity (Odum, 1971) where
food is believed to be scarce or hard to eatch (Lack, 1968), it usually
breeds in large colonies, is long-lived (Clapp and Sibley, 1966;
Austin, Ms), and, as will be shown in this study, has a long period
of adoleseence.

ISLAND DESCRIPTION AND COLONY BREEDING PHENOLOGY

Most of my observations were made on Johnston Atoll (16° 40’ N,
169° 30’ W) which lies about 720 nautical miles southwest of Hono-
lulu, Hawaii, and is composed of four islands in a lagoon surrounded
by live coral reef. Seabirds breed mostly on Sand Island, which in

1Contribution No. 94, Pacific Ocean Biological Survey Program, Smithsonian
Institution, Washington, D. C,
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this atoll is the only extant breeding site for Sooty Terns. The
island has the shape of a dumbbell, the western end of which is man-
made. The eastern end, which is connected to the west by a man-
made causeway, is the original island. It consists of about 15 acres,
and is the location of the tern colony. Sand Island is also the location
of a United States Coast Guard LORAN station which is operated
by about 25 men. Living quarters and maintenance areas are on
the west end, a signal building is on the causeway, and a transmitter
building with a 630-foot radio tower is in the middle of the bird
colony on the east end. Vegetation on the east end is almost en-
tirely herbaceous, the major genera being Lepturus, Amaranthus,
Boerhavia, Tribulus, Portulaca, Sesuvium and Ipomoea. A more
detailed description of the atoll and its vegetation will be given by
Shelton (Ms).

The seabird colony at Sand Island includes 11 breeding species,
the populations and cycles of which are to be described by Shelton
(Ms). About 300,000 Sooty Terns comprise more than 909, of the
breeding birds (personal observation).

Sooty Terns at Johnston Atoll breed on an annual cyecle (Fig. 1)
which contrasts with eolonies on Ascension Island in the Atlantic
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Freure 1. Breeding phenology of Sooty Terns at Johnston Atoll in 1967.

Ocean where breeding is on a 9.7-month cycle (Chapin and Wing,
1959) and on Christmas Island in the Pacific Ocean where many
individuals attempt breeding at 6-month intervals (Ashmole, 1965).
At Dry Tortugas, Gulf of Mexico, and all Hawaiian Island colonies,
Sooty Terns also breed on annual eycles (Robertson, 1964 ; Richard-
son, 1957; Amerson, 1971; Ely and Clapp, Ms; Woodward, 1972).
From 1964 to 1971 egg-laying at Johnston began within 15 days of
mid-February. Laying normally continues into April and virtually
ceases by mid-May. Incubation of the single egg requires about 30
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days (Dinsmore, 1972); growth and development of the chick
requires about 8 weeks (Burckhalter, 1969). Once able to fly, young
remain in the vieinity of the colony for about three weeks after which
they depart, apparently with at least one parent (Burckhalter, 1969;
personal observations). Table 1 presents estimates for total num-
bers of adults, eggs, and young at Sand Island, Johnston Atoll in
1967, the year for which best estimates are available.

Other observations presented below come from my field work at
Dry Tortugas, Florida from March-June 1970. This atoll and its
tern colonies are described by Robertson (1964).

METHODS

In June 1963, personnel of the Pacific Ocean Biological Survey
Program (POBSP), Smithsonian Institution, initiated studies of
seabirds as part of a scheme to determine bird populations and
movements in the central Pacific. The priorities of the program
required mass banding which was employed on Sand Island at
Johnston Atoll from 1963 through 1969 (Table 2). My analyses are
based on repeated captures of these banded birds.

Incubating Sooty Terns were captured by hand or with small hand
nets. Those standing on the ground or flying were caught with
larger hand nets. Standing andincubating terns were best captured
on especially dark nights whereas flying terns were caught most
efficiently near sunrise or sunset. Chicks were caught by hand.

From 1966 to 1969, POBSP personnel, including myself during
parts of 1966 to 1968, attempted to catch as many banded flying
and incubating Sooty Terns as possible. I returned to gather similar
data in March-June 1971 after termination of the POBSP. Condi-
tion of the brood patch, molt, time of day to the nearest hour,
location on the island, and any unusual individual characteristics
were recorded for most of the birds, and most were released within
a minute of capture.

All statistical analyses included below are by Chi-square tests
with one degree of freedom. Chi-square values less than 3.84 are not
considered statistically significant (P > .05), values from 3.84 to
6.63 are considered significant (P < .05), and those values exceeding
6.63 are considered highly significant (P < .01).

RESULTS
Immigration and Population Maintenance

The maintenance of populations in seabird colonies requires re-
cruitment either of natal birds or birds native to other islands.
The POBSP banded slightly over 1,000,000 Sooty Terns at Johnston
Atoll and all other major colonies within 2,000 miles of Johnston.
This effort provided a unique opportunity to ascertain which method
of recruitment is most important. Between 1963 and 1971 more than
10,000 banded Sooty Terns were captured at Johnston Atoll, and
only 118 of these had been banded at other islands. Of these 118
immigrants, 10 were recorded as breeding on Sand Island (Table 3),
but only three were known to have been breeders or chicks at other



Bird-Banding
Spring 1974

B. A. Harrington

118

001 0 0
001 0 0
001 0 0
001 0 0
86 (4 0
g8 0t g
0L 0% 01
0g Ge 4
0 0g 0L
0 01 06
0 0 001
0 0 0

Ex AL Ez%oaﬂl ll\:ﬂgﬂm

(yudored)

SOy JO 21y

“pOPI0daI 10U OIS JO SJBWSe —' U
-1oyine £q s10710 ‘U04eYg D 'd £q SNBSS [Hdy-yore N «

%¢cgF 00001 %CgF 000°0€ (00:€2)

%01 F 000°¢ 956 F 000°01 (00:%1)
%0TF 000G 0 %G F 000°GT (00:80) £qur 0%
%¢gF 000°02 0 U 000°0¢ (00:%1) Ar 1
%6ZT 000°0€ G U 000°GL (00:80) £mf 6

%0$F 000003 (3ySru)
%¢gF 000°0¢ %SeF 00¢ %0¢F 000°0¢ (Lep) ounp GT
%¢%F 000°0F% % F 00G°T %G+ 000°00% LeIN 18
2%06F 000°06 2%06F 000G %¢gF 000°00% Loy ¢
%0TF 000%9 %01F 000°68 %¢gF 000°00% [Ldy 0g
%¢cgF 000°91 %01F 00099 %GZF 000°00¢ mdy ¢t
2%06F 000C %0TF 000831 %¢gF 000°00€ YoLeIN 1€
0 %01F 000%9 %6ZF 000002 YoreN 6T
SYOTY9 "ON §880 1M sISON sympe® "oN 1unod jo e

#2961 AN -Y2IeIN TWBII() SYOBJ ‘[[0YV UOISUYO[ 18 SWID], L1008 JO SYIWD pu ‘<899 ‘syMpe JO SIDQUINU JO SIVBUWITIST]

‘T A1av],



[119

Sooty Tern Behavior and Breeding

Vol. 45, No. 2

00%'23 0 002 0 00z12 9% 9¢ 0 0 SsyoTYo
0 0 0 0 0 0 0 0 0 sympe
000°cT 0 0 0 00S‘T 000°eT 00¢ 0 0 $0190
0 0 0 0 0 0 0 0 0 sympe
000°eT 0 0 00T 006°9 000°c 0 0 0 SY[OIYO
006 0 0 0 0 00T 00g 00% 0 synpe
00g‘cg 0 0 004‘c 00091 000% 0 0 0 S3OIYO
87816 0 068°¢c ¢80°01 e16‘L 0009 000°0¢ 001°0T sype
00715 0 0 005G 0092 00801 00¢ 0 o1y
01228 0 005‘6 00621 00%‘e 002°c 18%'C 002 sHpe
00012 0 0 000°T 00g‘er 0029 0 0 oTyo
902°¢% 002 00S‘F 006 002 0 0068 sype
009°T 0 00¢‘T 0 0 0 0 SO0
00361 00%°S 00L‘¢ 0 0 0 0 sjnpe €961
18307, 8ny Amp sunp Ay ady ‘qo

"6961-€961 ‘[[0TV UOISUYO[ 1% PIPUB( SUI], £100Q JO SIOQUININ
‘g AIAV],



120] B. A. Harrington BSl;gi-f;Il‘gl;:Lg

TaBLE 3.

Sooty Terns breeding at Johnston Atoll that were
banded in other colonies.

Breeding

Island and date status when Date recaptured
Band number of banding banded at Johnston Atoll
743-30121 Wake, June 1963 U 11 March 1968
793-99854 Midway, July 1964 U 07 March 1968
813-75129 Midway, July 1964 chick 25 May 1971
813-80536 Wake, May 1965 U 03 May 1969
903-08034 Kure, June 1966 breed. ad. 06 April 1971
903-17423 Kure, June 1967 U 16 April 1968
903-82859 Laysan, June 1966 U 23 May 1969
91325783 Wake, June 1966 U 19 May 1969
91327188 Wake, June 1966 breed. ad. 20 March 1971
913-27232 Wake, June 1966 U 11 April 1969

(U =breeding status unknown)

colonies. The circumstances of capture for the remaining 108 sug-
gest they were not breeding at Johnston. Virtually all were known
to be young birds and perhaps had yet to breed anywhere. From
these observations I conclude that at Johnston Atoll immigration
is a negligible source of breeding recruits and that the most im-
portant source of new breeding terns, by far, is natal birds.

Age of First Breeding

Although more than a million Sooty Terns have been banded in-
the Pacific and the Gulf of Mexico, and literature regarding their
breeding is extensive, no one has established the ages at which the
species first breeds. Part of the difficulty in establishing this aspect
of behavior is that no external morphological feature identifies a
breeding individual. Even the presence of a brood patch, which is
considered proof of breeding in many bird species, is useless as non-
breeding Sooty Terns often have bare brood patches (see below).

Starting in 1966, I captured banded Sooty Terns at Johnston in
order to obtain a large sample of known-age birds. It soon became
clear that my two methods of netting, on the ground and in the air,
were sampling different age groups. Unknown-age, breeding adults
were preponderant among the birds caught on the ground, while
known-age birds, most of which subsequently proved to be non-
breeding, were captured mostly from the air.

A few plumage characteristics suggest young age in Sooty Terns,
the best of which is the presence of feathers with pale edges in the
black dorsal plumage or feathers with dark edges in the white
ventral plumage or on the forehead. Unfortunately this speckling
is uncommon, at least at Johnston Atoll. In 1968, for example,
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only 309, of 227 three-year-olds, 119 of 830 four-year-olds, and
59 of 105 five-year-olds showed any speckling. Young birds also
often have newer, less worn plumage than adults, but exceptions
are frequent. Thus no known plumage feature distinguishes all
young from older birds. I finally resolved that only the observation
of a Sooty Tern incubating an egg was a good criterion for breeding.

Sooty Terns of ages four through eight years were captured on
eggs at Sand Island in 1971. At this time known-age birds older than
eight years of age did not exist. Of the 348 known-age birds cap-
tured on eggs, only five were four-year-olds. No other terns four
years old or younger were ever found breeding even though circum-
stances allowed for this during three other seasons. The much larger
number of five-year-old than four-year-old Sooty Terns incubating
in 1971 (Table 4, column 1) suggests that many more Sooty Terns
mature at age 5 than at age 4. The actual number of 6-year-olds
captured on eggs was even larger, but the number of 7 and 8-year-
olds declined (Table 4).

TABLE 4.

Numbers and age of banded Sooty Terns caught on eggs and in the air at Johnston
Atoll, March-June 1971.

Percent of original Percent caught in

1971 age Fraction caught number banded that 1971 that
in years on eggs in 19712 were on eggs in 1971 were on eggs
over 8 1333/2135 2.62 62

8 23/57 1.44 40

7 88/450 0.42 20

6 130/842 0.61 15

5 102/1366 0.40 7

4 5/562 0.04 0.9

3 0/421 0 0

2 0/7 0 0

aThe numerator is the absolute number caught on eggs. The denominator is
the combined number of those caught in the air and those caught on eggs.

bVirtually all were old, experienced breeders in 1971. See text for explanation.

Comparing the actual numbers of breeding terns of known-age, as
done above, ignores two important factors: the number of chicks
banded and mortality with time. The first of these variables is elim-
inated if the number caught incubating is expressed as a percentage
of the number banded. By this method (Table 4, column 2) a more
pronounced trend towards increasing numbers of older birds in-
cubating exists. This percentage method continues to ignore mor-
tality through time as well as differential mortality of different year
classes. I have not devised any method using the total number of
terns banded to compensate for mortality.
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A method of measuring the integration of known-age birds into
the breeding population suggested by William B. Robertson, Jr.
(pers. comm.) uses combined numbers of known-age birds captured
in the air and incubating as the total sample. The basis for using
this measure is the fact that Sooty Terns return to their natal colony
several years prior to their first breeding. I first suspected this to be
true by comparing ages of banded birds netted from the air and on
eggs and found that most of the younger, known-age Sooty Terns
were captured in the air as opposed to on eggs. To verify that most
birds captured in the air were not breeding, in 1968 I observed
almost 1,800 known-age Sooty Terns caught from the air and
marked with conspicuous plastic streamers. Not one of these birds
was seen on an egg despite intensive search.

The method of using returnees of various year classes as the total
sample minimized mortality as a factor in quantifying the fraction
of different age classes that breed. By this method an ever increas-
ing percentage of birds ages four through eight were caught in-
cubating eggs (Table 4, column 3). For comparative purposes row 1
in Table 4 includes data for birds caught in 1971 and banded be-
tween January and March, 1964-1966. As virtually all birds banded
during these months were on eggs I consider them experienced
breeders. By comparing these experienced breeders with 8-year-olds
I conclude that even by 8 years of age not all Sooty Terns breed.
Comparative data collected in 1970 at Dry Tortugas, Florida,
showed some Sooty Terns there were not breeding at age 9, but that
virtually all 10-year-olds were breeding. Thus, as has been sus-
pected for Sooty Terns (Robertson, 1969) and demonstrated for
many other colonial seabirds such as Yellow-eyed Penguins, Mega-~
dyptes antipodes (Richdale, 1957),Adelie Penguins, Pygoscelis adeliae
(Ainley, 1973a), Laysan Albatross, Diomedea tmmutabalis (Fisher
and Fisher, 1969), Black-legged Kittiwakes, Rissa tridactyla (Coul-
son, 1966), and Gannets, Morus bassanus (Nelson, 1966), the Sooty
Tern exhibits deferred maturity which in the case of the tern is
longer than for any other member of its family (see Lack, 1968).

Time and Location of Breeding

Most studies of colonial seabirds show that young birds breed
later in a season and at different locations in a colony than older
birds (e.g. Fisher, 1969). Based on an analysis of records for 348
known-age birds captured on eggs at Johnston in 1971 I conclude
that Sooty Terns also exhibit these phenomena. Table 5 shows that
more known-age breeders were captured after than before 30 April,
the date that separates earliest from latest periods of laying. This
same table shows that older known-age individuals tend to breed
earlier than the younger known-age individuals. For example, only
459, of the breeding 7 and 8-year-olds were caught after 30 April
whereas 909, of breeding 4 and 5-year-olds were caught in the same
period. -

Most young Sooty Terns did not nest among older, earlier breed-
ing birds. Figure 2 shows where laying occurred on Sand Island
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TaBLE 5.
Numbers of known-age Sooty Terns caught on eggs before and after 30 April 1971.

4-year- H-year- 6-year- 7-year- 8-year-

olds olds olds olds olds
Before
30 April 0 10 (109%,) 36 (28%) 50 (57%) 10 (439%)
After
30 April 5 (100%) 92 (90%) 94 (72%,) 38 (43%) 13 (57%)

before and after 30 April. Those terns that began nesting after
30 April layed on portions of the island that had not been used, or
had been totally deserted by 18 March, when I arrived, and not at
the 40,000 + 509, deserted sites interspersed among the early breed-
ers (Fig. 2, stippled areas). In the early nesting areas only 5%, of
banded birds were known-age, but in late nesting areas 419, were
known-age.

East end of Sand Island
Johnston Afoll

100 [] 100 200 feet
305 0 305 610 melers

Eggs laid before 30 April.

D One third of ¢ggs abandoned
before 18 March,

KX Totally abandoned before 18
March, new eggs in April,

E Eggs laid In May.

m Totally abandoned in March,
new eggs in May where
there are x's,

Freure 2. Locations where laying and abandonment of Sooty Tern eggs occurred
at Sand Island, Johnston Atoll in 1971.

Age of Mates of Young Adults
Sooty Terns tend not only to nest with similarly aged neighbors,

but also with similarly aged mates. After 30 April 1971, 39 banded
pairs were captured while on eggs of which 14 were composed of
known-age birds as follows:

both partners of unknown-age 19 pairs

one partner known-age, other unknown-age 6

both partners same age

one partner a year older than mate 7
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one partner two years older than mate 2
one partner three years older than mate 1

Because the unknown-age birds in this sample were captured origin-
ally from the air in late summer, they were likely to have been
adolescents when banded and therefore of similar age. Even dis-
regarding this probability, pairing is clearly age-related. If pairing
had been random among the 78 birds comprising the 39 pairs, then
12 pairs would have had both partners of unknown-age, 8 pairs
would have had both members of known-age, and 19 pairs would
have had mixed known and unknown-age mates. A Chi-square test
shows highly significant differences (P < .01) between the expected
random and the observed age composition of these mated pairs.

I have few data on ages of both individuals for Sooty Tern pairs
incubating before 30 April. Between 13 and 21 April I caught twelve
banded pairs from which only one individual was known-age. This
6-year-old was paired with an old bird known to have bred in April
1966.

Nesting Habitats and Nest Failure

Sooty Tern nesting habitats on Sand Island range from bare, open
sand and coral rubble to sand that supports scattered vegetation.
Observations in years prior to 1971 suggest that nest success is
affected by nest habitat, and also that young adults often are
relegated to nesting in the poorer, more open and featureless areas.
Therefore, comparing breeding success between the seemingly poor,
featureless, natural habitats, and the seemingly better featured,
natural habitats may actually compare nest success of different aged
birds, for as already mentioned, the age of birds breeding in different
habitats apparently varies. Therefore I tested the effects of habitat
quality on breeding success by manipulating surface features on
three contiguous 9m? plots, all of which were ultimately used by
birds laying between 1-3 April and therefore presumably of similar
breeding experience. The three plots were cleared of all major
surface features prior to laying. One was left bare, in another 120
plastic stakes were aligned in rows, and in the third 100 rocks about
the size of oranges were scattered approximately every 900e¢m?. The
results of this experiment suggest a major source of nest failure is
egg-abandonment (Table 6), and that abandonment is especially
frequent on bare ground. The results further suggest that hetero-
geneity of features may increase nesting success (Table 6).

Seasonal Variation in Numbers and Arrival Times
of Different Age Groups

Although many known-age Sooty Terns captured at Sand Island
in 1971 were known to be breeding, most were caught flying over the
colony and apparently were not breeding (Table 4). My observations
also show that the dates when adolescents first visit the colony and
the numbers of each age class that visit are age-related, and that
in different years the times vary when groups of identical age return.
In 1968, I caught about 1,700 known-age terns from the air, but
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TaBLu 6.

Sooty Tern nesting success on different manipulated habitats.

Av. distance
Plot No. of eggs between No. of eggs Percent No. of eggs  Percent
type on 6 April eggsin cm. on 15 April abandoned on 28 April abandoned

Bare 44 47 65 34 63 71

Aligned ? 40 63 25 71 62
stakes

Scattered 53 41 70 19 67 24
rocks

despite intensive netting of incubating and standing birds, only 31
were captured on the ground, none of which was on eggs. Few of the
known-age birds captured in 1968 were netted prior to 30 April even
though intensive netting from the air was begun on 1 March.
Numbers of known-age birds captured increased slowly in early
May, and rapidly after 15 May (Fig. 3), a date that corresponds to
the approximate date when chicks began to fly. Figure 3 also shows
that older adoleseents tended to visit the colony on earlier dates and
in greater numbers than younger adolescents. For example, by 31
May I had netted 159 of all 1,194 four-year-olds captured, but only
5% of the 441 three-year-olds caught in all of 1968,

That young adolescent Sooty Terns return to the colony in lower
numbers than older adolescents was shown earlier (Table 4); these
same observations suggest that the age at which maximum numbers
return as non-breeders is five or six years. For example, in all of
1968 I captured less than 0.19 of the chicks banded in 1966, but 29,
of those banded in 1965, 69, of those banded in 1964, and 89 of
those banded in 1963. This trend toward more birds returning with
increased age has been shown for a few other colonial seabirds, and
especially well documented for Diomedea immutabilis (Fisher and
Fisher, 1969).

Brood Patch Condition of Adolescents

A pair of brood patches oceurs in both sexes of Sooty Terns, with
one patch on either side of the prominent breast keel. In external
appearance Sooty Tern brood patches may be fully feathered (in-
active), defeathering, wholly bare, or refeathering (all active cate-
gories). I have never found a bird with inactive brood patches in-
cubating an egg. Most active patches have reddish skin, but in
some young breeding birds and many non-breeding birds it is violet,.
I have insufficient data to determine whether patch color relates to
age or to other factors such as amounts of subcutaneous fat, degree
of vascularization, and/or edema.

Ornithologists frequently use the presence or absence of a brood
patch for determining breeding status of birds, but in the case of
Sooty Terns, certain other larids (e.g. Larus ridibundus, Lange,
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Freure 3. Cumulative percentages for numbers of known-age Sooty Terns
caught in the air, Johnston Atoll, April-July 1968. Broken line indicates birds
Caélght on eggs in 1964 when they were almost certainly more than five years
old.

1928) and some colonial seabirds (e.g. Ainley, 1973a; Wilbur, 1969)
this criterion can be misleading because adolescents frequently have
bare brood patches. In 1967, when no known-age birds were breed-
ing at Johnston Atoll, 839, of 124 four-year-olds, 549, of 565 three-
year-olds, and 199, of 47 two-year-olds had active patches when
first captured. One aspect of these data that complicates interpreta-
tion is the fact that many individuals captured early in a given year
have inactive brood patches, but when caught later in the same year
have active patches. In 1971, 63 of 70 birds that had inactive
patches when first captured had active patches when examined later.
Thus, while the frequency of inactive brood patches is age-related
the actual percentage of each age class that develops active patches
could be more nearly alike than my data on captured birds indicate
because of the seasonal factor. The brood patch data have some
meaning, however, for they show year-to-year consistencies for in-
dividual birds. For example, Table 7 shows that individuals having
active brood patches when first caught at age three had active
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TaBLe 7.

Brood patch condition for Sooty Terns caught when 3 years old and
again when older.

No. Expected  No. active
No. caught recaptured No. active  no. active in
in 1967 in 1968 in 19682 in 1968® 1969 or 1971

3-year-olds with
inactive brood 114 84 51 (61%) 70 31 (100%)
patches in 1967

3-year-olds with
active brood 135 115 103 (909,) 83 21 (100%,)
patches in 1967

2Considers brood patch condition only upon first capture in 1968.
bExpected numbers are calculated as in the Chi-square Test.

patches more frequently when first caught at age four than those
which had inactive patches at age three. Other information sug-
gests that all adoleseents have active brood patches when visiting
the colony two years after their first visit regardless of absolute age.
For example, all birds that were first captured at age three had active
patches when first caught at age five (n = 31), but 7 of 44 birds first
captured at age four did not have active patches when first caught
at age five.

¢

TABLE 8.

Brood patch frequencies for known-age Sooty Terns with speckled and unspeckled
plumage, Johnston Atoll, May-June 1968.

Unspeckled birds Speckled birds
No. with No. with No. with No. with
Age in active inactive active inactive
years patches  Percent  patches patches  Percent  patches
5 86 90 11 3 — 2
4 559 76 176 44 46 51
3 75 47 85 11 16 56

The frequencies of active brood patches seem to vary not only be-
tween age classes, but also among certain groups within identical age
classes. For example, adolescents with traces of immature speckled
feathering in the plumage have lower frequencies of active brood
patches than unspeckled birds (Table 8). Similarly, adolescents
having arrested primary molt (i.e. having all primaries full-grown,
but proximal feathers distinctly newer than distal feathers) have
lower frequencies of active brood patches (Table 9).
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Tasir 9.

Brood patch frequencies for known-age Sooty Terns with and without arrested
molt, May-June 1968.

No arrested molt With arrested molt
No. with No. with No. with No. with
Age in active inactive active inactive
years patches  Percent  patches patches  Percent  patches
5 78 90 9 11 73 4
4 468 75 152 135 64 75
3 47 39 74 39 25 67

The Relationship of Age During Colony Visits
to Subsequent Breeding Age

In preceding sections I have shown that the frequencies of active
brood patches, speckled plumages, arrested molt, and ages at which
adolescents first return to Johnston Atoll are all age-related. This
suggests that these traits probably are related to different degrees
of physiological maturity, and that the variation exhibited within
specific age classes reflects variable rates of maturation. One of
these traits, the development of active brood patches, is known to
be influenced by reproductive hormones in at least one larid (e.g.
Larus atricilla, Segre, 1965) and reproductive hormones have well
known influences on brood patches in many other bird species (Jones,
1971). Because of the variable degrees of physiological maturity
that apparently exist within adolesecent age classes (e.g. Tables 8
and 9), it is diffieult to verify statistically a direct relationship
between ages when adolescents first visit Sand Island and age of first
breeding. The data in Table 10, though suggestive, are not statistic-
ally significant (P > 0.05). As noted, I believe the lack of statistical
significance is caused by the large variation in degree of maturity
that exists within identical adolescent age classes. To minimize this
variation I tested for differences in numbers of breeding birds of
equal age that when caught at 3 or 4 years of age in 1967 or 1968
had either active or inactive brood patches. A significantly larger
number (P < 0.05) of those that had active pateches when caught
as adolescents were found breeding in 1969 or 1971 (Table 11).
Similarly, a significantly greater number of birds (P < 0.05) that
were caught standing on the ground when adolescents were found
breeding in 1969 or 1971 than birds that were caught only in the air
when adolescents (Table 12).

In summary, my data suggest that a correlation exists between
ages of first breeding and ages of first colony visits, for I have shown
a relationship between age and active brood patch frequencies, and
between adoleseent brood pateh activity and breeding age.
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TasLe 10.

Numbers of 6- and 7-year-old Sooty Terns breeding at Johnston Atoll in 1971,
that were known to visit the colony first at age three, four, or five.

Known breeding Not known breeding
in 1971 in 1971®
Age when
first captured» Number Percent Number Percent
3 years 20 16 103 84
4 years 14 13 96 87
5 years 1 8 12 92

sNone were known breeding when first captured.

bNo statistically significant difference between numbers known and nof,
known breeding.

TasLe 11.

Relationship between adolescent brood patch activity and numbers breeding for
Sooty Terns banded as chicks at Johnston Atoll, Pacific Ocean in 1964.

Brood patch No. known

condition in breeding in Expected number

1967 or 1968~ 1969 or 1971 breeding
Active 240 29 22.73
Inactive 161 9 15.25

»All were almost certainly adolescents when captured.

TapLe 12.

A comparison between breeding numbers of 7-8 year old Sooty Terns at Johnston
Atoll which as adolescents were captured either on the ground or in the air.

No. of 7-8 No. that had

year olds been eaught on

caught in the ground in

1971 1967-1969 Expected number»

Breeding in
1971 H2 6 2.97
Not known to
breed in 1971 158 6 9.02

“Expected numbers are calculated as in the Chi-square Test.
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Annual Variation of Initial Breeding Ages

In the previous section I presented information showing that
either genetic and/or environmental events occurring during adoles-
cence probably influence ages at which Sooty Terns first breed. This
evidence does not exclude the possibility that other factors, oe-
curring at or near the colony island, also influence ages of first breed-
ing. In fact, information collected in 1969 and 1971 indicates that
considerable variation exists in numbers of young birds breeding in
the two years. In 1971, 108 four- or five-year-old Sooty Terns were
found incubating eggs, but in 1969 no 4-year-olds and only 16 5-year-
olds were found incubating. Highly significant differences (P <
.001) exist for numbers of 5-year-olds breeding in these two years
(Table 13). This difference could be the result of higher mortality
of year-1964 chicks than year-1966 chicks; therefore I compared the
number of each age class captured at age three. Four-year-olds
could not be compared because no field work was done in 1970. In
1969 virtually all netting of Sooty Terns from the air was in June;
therefore the comparison between 1967 and 1969 is restricted to this
month. No significant difference in numbers between either class
existed (P > 0.90); hence mortality at least through age three ap-
pears to have been similar. The same analysis, but with smaller
samples, was performed for six-year-olds in 1969 and 1971, and
again no evidence of significantly different mortality between the
two classes was found (P > 0.50). Therefore it seems reasonable to
conclude that a greater number of young Sooty Terns were breeding
on Sand Island in 1971 than in 1969.

TasLe 13.

A comparison between numbers of 5-year-old Sooty Terns breeding at
Johnston Atoll in 1969 and 1971.

No. of No. of 5-year-olds Expected number
banded birds per 10,000 per 10,000
caught on eggs originally banded banded
1969 4,359 7.62 28.26
1971 3,046 40.39 19.75

Selected Aspects of Adolescent Behavior

The daily cycles of arrival for adolescent Sooty Terns at Sand
Island cannot be documented by direct observation as most in-
dividuals are constantly flying and cannot be followed in the milieu
of other birds. Capture rates suggest highest numbers are at the
colony in early morning and evening, but these data do not indicate
when adolescents arrive at the colony. Furthermore, these data do
not give a comparison of arrival times for adults and adolescents be-
cause adults tend to avoid stations where I netted from the air. In
order to document the times of day when adolescents arrive I
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counted streamer-marked adults and adolescents flying by a selected
point enroute to Sand Island on two days in June 1968. These day-
light counts (Fig. 4) show that numbers of birds approaching the
colony were highest before 10:00 and after 18:00, and that the pro-
portion of marked adolescents to marked adults was highest at these
same times (P < .001). TFrom these observations I conclude that
most adolescents visit the colony during the evening, but that many
also visit during early morning.

70 number returning/min.

- —--- percent of marked birds that
were young

60

50

90

40-

- 70

Number

30

- 50

Percent

30

T T v
08:00 12:00 16°00
Time of day

Figure 4. Summary of counts that show times of day when maximum numbers
of Sooty Terns return to Sand Island and the relative proportion of streamer-
marked adults to streamer-marked adolescents at different times of day.
Sample sizes for marked birds at each point, left to right, are: 71, 23, 13, 10,
24, 57, and 62.

In 1968, I also counted flock size for birds returning between
18:00 and 19:00 on 23 May in order to ascertain whether most of
the returning birds were in twosomes. Twosomes occurred with
greater frequency than any other flock size (Table 14). Based on
observations of streamer-marked birds I suspect most of the two-
somes were adolescents whereas single birds were adults.
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Spring 1974
TasLe 14.
Frequencies and size of Sooty Tern flocks at Johnston Atoll with Chi-square
values.2
No. of 5 second Deviation

No. of birds intervals in which Expected from Chi-square
per group flock size occurred. frequency expected value

0 339 311.1 27.9 2.4

1 16 62.2 —46.2 34.3

2 18 6.2 11.8 22.3

3 4 0.4 3.6 29 .1

4 3 0.02 3.0 403.1

aThe frequencies do not fit a Poisson Distribution, most, likely due to dis-
proportionately high frequencies of flocks of two.

The time of day when adolescent Sooty Terns visit Sand Island
varies with age, season, and apparently with brood pateh condition.
During May younger adolescents tend to visit in the evening whereas
older adolescents tend to visit in the morning (Table 15). As the
season progresses, younger birds are caught more often in the morn-
ing. For example, in May 51g;n1ﬁcantly greater numbers of 4-year-
olds visit Sand Island in evenings as compared to mornings P <
0.05), but in August significantly fewer are caught in evenings
(P < 0.05). Similarly, in May significantly more 3-year-olds visit
in the evening (P < 0.01), but in August roughly equivalent num-
bers are caught both morning and evening (P < 0.50). Birds visiting
in the morning also tend to have active brood patches more fre-
quently than birds of equivalent age visiting in the evening (Table
16).

TaBLe 15.
A comparison between age and the time of day that adolescent Sooty Terns were

captured from the air at Johnston Atoll in May, 1971.

Total no. Percent of total that were:
of known
age ages 6-8 age 5 age 4 age 3
Morning
(dawn-10:00) 634 27 40 18 15
Evening
(16: OO-dusk) 1,530 19b 37 ns 23= 21b

ns Not significantly different frequencies between morning and evening
(P > .05).

sSignificantly different frequencies between morning and evening (P < .05).

bHighly significant difference of frequencies between morning and evening
(P < .0D
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TasLe 16.

The frequency of active brood patches in known-age Sooty Terns caught from the
air at different times of day at Johnston Atoll, August 1967 and 1969.

Percent Percent Percent
with with with
active active active

No. of brood No. of brood No. of brood
4-year-olds patches 3-year-olds patches 2-year-olds patches

Morning
(before
10:00) 34 86 117 61 13 36

kvening

(after

16:00 but

before

20:00) 17 76 147 49 19 21

Night
(after
20:00) 19 63 41 36 2 —

Most adolescents at the colony spend their visiting time flying
five to fifteen feet over individually chosen sectors of the island.
Many also try to land among breeding birds, but in most cases they
are successfully opposed by low intensity threat postures of standing
or incubating adults or standing adolescents. Even when successful,
landings are often of short duration, for with slight aggression from
the adults young intruders leave. Despite such aggression, adoles-
cents persist in trying to land in breeding areas even though several
large and unoccupied areas usually are available nearby. A few of
these unoccupied areas, and especially a road running through the
middle of the colony (Fig. 2), are used for standing by some adoles-
cents, but only by a small percentage of those visiting the island.
These observations are supported by data collected from banded
birds. For example, Table 17 compares numbers of known-age birds
standing in breeding and nonbreeding areas from May through
August 1968 and 1969. Significantly (P < .001) more known-age
birds were caught in standing areas (1969 columns, Table 17) than
in breeding areas (1968 columns, Table 17). The lower numbers of
adolescents standing in breeding areas probably results from the
tendency of young birds to avoid aggression from adults in breeding
areas. This is further supported by other information in Table 17,
specifically the significantly increased frequencies (P < .001) of
adolescents on the ground in breeding areas in July 1968 compared
to May or June, 1968. Whether this increase is caused by declines
in numbers of adults is not apparent in the table. However, counts
of standing birds on study plots in breeding areas show that the late
season increase probably is attributable to both a decline in numbers
of adults at the colony and an increase of adolescents on the ground.
This conclusion is verified by sporadic counts of marked standing
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TaBrLE 17.

Bird-Banding
Spring 1974

Relative numbers of banded known and unknown-age Sooty Teins standing in
breeding (1968) and non-breeding (1969) areas at Johnston Atoll.

Month captured

Age in May June July August
years 1968 1969 1968 1969 1968 1969 1968 1969
5-6 1/440* 14/104 5/626 10/98 2/188 16/70 —  35/120
4 2/440 17/104 4/626 15/98 18/188 12/70 —  45/120
3 0/440 2/104 0/626 1/98 3/188  2/70 — 6/120
2 0 0 0 0 0 0 — 0
Total 3/440 33/104 9/626 26/98 23/188 29/70 —  86/120

aNumbers of young, known-age (numerator) and total numbers of banded
birds (denominator) caught on the ground. See text for additional details.

adults and adolescents in 1968. Therefore, it appears that some
adolescents do land in breeding areas, but not until the areas are
partly or temporarily vacated by nesting adults. While in the breed-
ing and standing areas during the day, adolescents often ecourt with
other standing birds. I have not made sufficient observations of
their behavior to make precise comparison with adults, but certain
aspects are conspicuously different. Most prominent is the frequent
incidence of attempted rape, which often appears to be performed
without sexual discrimination. Also conspicuous are adolescents
apparently courting chicks.

The numbers of different-aged adolescents that land on Sand
Island apparently are age related. For example, after making ad-
justments for numbers of each age class originally banded, 4-year-
olds were caught on the ground about 10 times more frequently than
3-year-olds in 1968-1969. In the air, however, 4-year-olds were only
about three times more abundant than 3-year-olds. Most of the
adolescents caught on the ground had active brood patches. For
example, from late June to late August of 1967-1969, 237 Sooty
Terns 3-6 years old were caught roosting. Only nine (39%) had in-
active brood patches whereas about one-third of the birds the same
age caught from the air in the same period had inactive brood
patches.

My behavioral observations show that young birds judged males
by behavior often stand on the ground during the day and maintain
display sites. Unmated females apparently are atiracted to these
males, thereby allowing adolescent pair bonds to form. I have no
information on whether these pairs remain intact for more than a
week or two, or whether such pairing facilitates initial breeding in
later years.

In order to determine whether visiting the colony one year affects
the time when adolescents visit in subsequent years, I compared
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1967 and 1968 capture data from birds banded when chicks in 1964.
Figure 5 compares capture dates for 3-year-olds caught in the air in
1967 to 4-year-olds caught in the air in 1968 that had not been cap-
tured at age three, and to 4-year-olds that were captured in the air
when age three. The 1968 capture dates for these two groups are not
significantly different (P > 0.05). All but one of a small sample of
year-1964 birds that were caught in both 1967 and 1968, and on the
ground in at least one of these two years (n = 8), returned before
10 June 1968 when age four (Fig. 5). The difference of capture dates
between these and birds caught only in the air is highly significant
(P < .001).
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Freurek 5. A comparison of capture dates by cumulative percentages for 3- and
4-year-old Sooty Terns that were banded as chicks in 1964 and caught in
the air and/or on the ground in 1967 or 1968. The solid line indicates birds
first captured in the air in 1967 when age three. The dashed line indicates
birds first captured in the air when age four in 1968. The dotted line indicates
birds captured in the air in 1968 which had also been caught in the air in
1967. The dotted and dashed line indicates 6 birds captured on the ground
in 1967 when age three and again when age four in 1968. The X stands for 2
birds caught in the air in 1967, caught in the air before 10 June 1968, and
caught on the ground between 3 and 10 July 1968. All samples are of 111
birds except where smaller samples are noted. The 111 birds caught for the
first time in 1968 are randomly selected from a much larger sample. These
cumulative percentages are not comparable to those in Fig. 3 due to differ-
ences of months in which data were collected.

Pre-laying Behavior of Adults

The pre-laying behavior of early laying Sooty Terns at Johnston
is similar to that reported for Dry Tortugas (Robertson, 1964; Dins-
more, 1972) and other islands (e.g. Ashmole, 1963a). However, cer-
tain observations collected from notes of POBSP personnel, and
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especially Kenneth Amerman, Ralph W. Schreiber, and Philip C.
Shelton, and my own personal observations at Johnston and Dry
Tortugas, give additional details of pre-laying behavior relevant to
topics discussed below.

In Sooty Tern colonies researchers have commonly found pro-
tracted periods of group aerial behavior two to three months prior to
egg-laying (e.g. Ashmole, 1963a). Discreet flocks, which are small
during early phases but may number many thousands later, swarm
near the shore of nesting islands in the evening or at night. After
dark these swarms may move over the island, but no birds land until
about a month after first swarming. As the season progresses swarms
begin appearing near shore in late afternoon, and move over the
island at night, and many birds land. Usually most birds depart
between 02:00 and 04:00 except for a short period before the begin-
ning of egg-laying when birds remain on the island until dawn or
shortly after. While on the ground at night during this and later
phases of breeding, aggressive behavior between neighboring birds is
infrequent (Ashmole, 1963a; personal observations).

The first day on which more than a few Sooty Terns remain on
the island much after dawn is also the first day on which appreciable
numbers of eggs are laid (pers. obs.). But still, most birds leave at
dawn. The behavior of birds that remain contrasts with that seen at
night in that fervent aggression among neighbors establishing nest
sites is conspicuous. During this early laying stage virtually all of
the Sooty Terns on the ground during the day have active brood
patches. For example, in February through March 1967 Philip
Shelton caught 51 Sooty Terns standing, but not incubating, and 50
had active brood patches. At night, however, only 66 of 101 stand-
ing birds had active brood patches. The frequencies of active brood
patches on birds caught from the air in the same period were quite
different: 819, of those caught in the day (n = 279), but only 59,
of those caught at night (n = 756) had active patches. These data
suggest that older breeding birds that have inactive brood patches,
and therefore have not yet laid eggs, visit the colony mostly at night,
or if they visit during the day they usually do not land.

Soon after initial seasonal egg-laying, swarming behavior stops.
At Dry Tortugas I saw no swarming after the first day on which
more than a few eggs were laid, and Dinsmore (pers. comm.) also
recalls that swarming stopped soon after laying began. Yet at all
colonies I have observed, laying continues long after swarming stops.

My observations show that many birds that have not laid eggs
visit the colony island at night (Table 18). Many of these arrive at
the island in late afternoon, but instead of forming swarms offshore,
fly directly to the island and either land near or fly over birds that
have already laid eggs. Thus, it appears that after laying begins,
birds that have not laid eggs do not form aerial swarms, but rather
are attracted to groups of birds that already are on the ground at
the island.

Since Sooty Tern swarming behavior usually stops soon after first
appreciable numbers of eggs are laid, it is possible that late breeders
never participate in this activity. That this is correct is substanti-
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ated by the fact that I have never found adolescents or suspected
young birds among over 450 banded, experienced breeders that died
from striking guywires at Sand Island during swarming phases of
colony formation. Furthermore, I have not seen swarming activity
at colonies during the period when late-breeders arrive. Instead,
much pre-laying behavior by young adults, i.e. young birds prob-
ably pairing for the first time, occurred in standing areas, the loca-
tion of which bore no apparent relationship to definitive nest sites.
Other Sooty Terns using the same standing areas included a few
established breeders, adolescents, and other pairs of young adults.
In general, the behavior of each group was different. Both partners
of young adult pairs were noticeably territorial and usually were
suecessful in defending large areas, sometimes more than 30 ft2,
against other adults or adolescents. Often, when no intruders were
present, males walked as far as six feet to challenge neighbors, es-
pecially if their mates were momentarily absent. Still, aggressive
behavior was typically of lower intensity than that seen during nest-
site establishment, there being few “Crouch’” postures (Cullen,
1956; also called “Face-offs’” by Dinsmore, 1972) and little physical
fighting.

Most adolescents using the same roosting area were less aggressive
than the young adults. While they frequently ‘“Paraded” (see
Palmer, 1941) with other adolescents, and often attempted copula-
tion, they rarely defended an area and were easily supplanted, even
by other, and usually older, adolescents.

After the roost phase of courtship most pairs of young adult Sooty
Terns move to areas where other young pairs are establishing nest
sites. Here they engage in intense aggression with neighbors which
is typified by frequent “Crouch’ posturing, physical fighting, and
nest-scraping. Fighting continues until the egg is laid one to three
days later. During nest establishment, pairs fight for small ter-
ritories at many sites over a large area, make many nest-scrapes,
but apparently do not establish a permanent nest site until the single
egg is laid.

The above behavioral observations together with information
gained from banding, suggest that young Sooty Terns must pass at
least four stages before first breeding: (1) returning to the colony,
(2) landing, (3) obtaining and defending a territory within a standing
area, and (4) successfully obtaining a nest site. Through stages two
through four young Sooty Terns must withstand increasingly in-
-tense aggression. Data presented earlier suggest transition between
stages one and two probably is influenced by hormones associated
with brood patch development. Still, birds in stage two are easily
driven from standing sites by neighbors or other birds landing, but
in stage three they successfully defend these standing sites. Data
presented earlier also suggest the passing of each stage generally
correlates with increased age, and hence probably with physiological
maturity.

I witnessed only a few cases of young birds passing through all
four stages in one breeding season. In 1971, I caught 17 young
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Sooty Terns from the air that I later found breeding. Five of these
had inactive brood patches when first caught, and for these the
average time until capture on an egg was 44 days (range 34-50).
Two of these five birds were among the five youngest Sooty Terns
ever known to breed at Johnston (4 years old) and both were cap-
tured from the air at unusually early dates (late March) for their
age. The remaining 12 birds had active brood patches when first
caught and were found breeding an average of only 16 days later
(range 3-34).

DISCUSSION

The mechanisms regulating breeding ages in colonial seabirds are
topies frequently debated in recent years (e.g. Lack, 1954; Wynne-
Edwards, 1962; Ashmole, 1963b). Delayed breeding age is known to
occur in a wide variety of taxa, including albatrosses (Fisher and
Fisher, 1969), shearwaters (Serventy, 1956; Harris, 1966), storm
petrels (Wilbur, 1969; Harris 1969¢), boobies (Nelson, 1966), pen-
guins (Richdale, 1957 ; LeResche and Sladen, 1970; Ainley, 1973a, b),
gulls (especially Coulson and White, 1958), terns (Austin and Aus-
tin, 1956), and probably skimmers (Modha and Coe, 1969) and alcids
(Tuck, 1960). This study proves that Sooty Terns also have de-
ferred maturity. However, the mechanisms that cause deferred
maturity still are not completely known. Ainley (1973a) shows that
gonads of male and female Adelie Penguins are physically mature
by age 4, but that breeding may not occur until age 6 (females) or 8
(males). He suspects that delayed breeding may be caused by young
individuals having immature or poorly executed social behavior.
Other studies have shown that certain bird species with deferred
breeding ages may breed at younger than normal ages if old males
are removed from a local poplation (Orians, in Lack, 1968), that
females may breed at younger ages than males (Ainley, 1973a; also
see references in Cody, 1971), and that deferred breeding often
oceurs in species having complex social breeding patterns (Lofts and
Murton, 1968). Robertson (1969) suggests that Sooty Terns have
severe intraspecific competition for nest sites, and that young birds
may ultimately leave more offspring by delaying return to the
colony until better able to compete for suitable nest sites. In short,
several indications suggest that birds having deferred maturity may
be physiologically capable of breeding at younger ages than they
normally breed, but that social behavior delays breeding. For
reasons described below, I believe a combination of social and
physical factors contribute to the delayed breeding ages found in
Sooty Terns.

A major conclusion from this study is that many young Sooty
Terns return to natal colonies for one or more years before breeding.
Ainley (1973a) suggests young penguins return to natal colonies as a
consequence of partial reproductive development of the hypo-
thalamie-hypophyseal endocrine mechanism. Like penguins, the
age-related development of brood patches in Sooty Terns probably
indicates endocrine activity, and although not discussed in this
report, the enlargement of gonads and accessory ducts (personal
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observations) also indicates endocrine activity. Other adolescent
traits are seemingly affected by the same physiological mechanism.
Tor example, the numbers of adolescents that return to Sand Island
are age-related, and the frequencies of active brood patches also are
age-related. Regardless of the precision involved, some physiological
mechanism, which apparently becomes more refined with age, causes
adolescents to return to the natal colony, but at variable ages and
with variable brood patch conditions; this suggests that for genetic
or environmental reasons different individuals of the same age
mature at different rates. I have little information on the cause of
this variation as it develops between the time immature Sooty Terns
first leave the colony and the time they first return as adolescents.

Another source of variation of maturation rates appears to resuit
from the response of adolescents to social events that occur while
they are visiting the colony. For example, the birds known to land
at young ages apparently bred at younger ages than those birds not
known to land at young ages. However, what causes adolescents to
land remains unknown. When breeders are present they usually
prevent adolescents from landing in breeding areas, and older
adolescents usually prevent younger adolescents from landing in
standing areas. Therefore, it appears that the behavior of birds on
the ground is sufficiently aggressive to intimidate young birds and
older birds with inactive brood patches. The fact that older adoles-
cents, and usually those with active brood patches, are the birds
that appear best able to enact and tolerate aggression in standing
areas suggests that landing and remaining in standing areas may be
influenced by physiological processes associated with seasonal and/
or age-related maturation. In adult and immature Herring Gulls,
Larus argentatus (Boss, 1943) and Laughing Gulls (Segré, 1965)
aggressive and submissive behavior is known to change with experi-
mental injection of certain reproductive hormones, which in the case
of the Laughing Gull also are known to cause brood patch activity.
But still, these observations do not explain why the youngest adoles-
cent Sooties do not land on vacant portions of the island. My be-
havioral observations suggest that birds trying to land are attracted
to other birds on the ground, but I have not obtained observations
explaining why. Regardless, the sum of the above observations sug-
gests that Sooty Terns that land are somehow more mature than
those that do not land.

In the above discussion I have shown that landing by young
Sooty Terns probably is affected by the presence and behavior of
breeders and older adolescents on the ground. The information pre-
sented below suggests that the number of young adults that breed
may be influenced by experienced breeders in a similar manner. It
has already been shown that the number of young adults that breed
at Sand Island may vary in different years (Table 13). I suspect the
cause of this variation is that the size of the experienced-breeder
population was larger in 1969 than in 1971, and that the availability
of suitable nesting area in late 1971 allowed younger birds to breed.
I noted earlier that Sooty Terns breeding at Sand Island early in
1971 had an unusually poor nesting season, and that when I arrived
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on 18 March an estimated 40,000 eggs had been abandoned. As
other species were breeding normally, I do not believe that this
abandonment was caused by any unusual fluctuation of food supply,
but rather by one or both of two other causes. Tirst, during late
summer 1970 and late February-early March 1971, flagrant human
behavior caused extensive disruption of nests and mortality of an
estimated 10,000 + 509, terns. Second, in 1971 Sand Island had
unusually sparse vegetation, and as shown earlier, the resulting poor
nesting habitat could have caused increased nest abandonment. Re-
gardless of the cause, about a third of traditional nesting areas were
unoccupied in mid-March, and about a third of the sites within the
occupied areas had been abandoned (Fig. 2).

The 1969 breeding season was dramatically different from 1971
according to Philip Shelton (pers. comm.) who noted that by late
April more Sooty Terns were nesting at Sand Island than he had
seen since 1966, his first year of observation. As already shown, few
young birds were included among the 1969 breeders.

On the basis of contrast between the numbers of 4 and 5-year-olds
breeding in 1969 and 1971, as well as the different amounts of suit-
able area available for late nesters in both years, I suspect sufficient
cause exists for postulating that the size of the experienced-breeder
population may affect the number of inexperienced adults that at-
tempt breeding in a particular year. Other observations from 1971
suggest this hypothesis is correct. During the first two-thirds of
April some of the unoccupied areas on Sand Island were used for
nesting, but by few of the younger, known-age birds. During May
additional groups nested that had the following features in common:
(1) they used areas that had been wholly unoccupied since mid-
March, (2) almost half of the birds were known to be young, (3)
nesting was in distinet groups, and (4) they chose areas where some
new vegetation was sprouting. I suspect it is especially significant
that virtually none of the late-layers nested where older birds were
nesting even though these areas contained large numbers of in-
dividual sites that had been abandoned during March (Fig. 2).
These observations also suggest that if sufficient suitable areas are
not available for late groups, young birds may not breed.

In conclusion, available evidence from this study at Johnston
Atoll suggests that both adolescent landing behavior and the num-
ber of young adult Sooty Terns that breed in a given year are in-
fluenced by aggressive behavior and probably numbers of exper-
ienced breeders. A variety of observations hint that the responses
of young birds to the aggression could vary in a density-dependent
manner.

SUMMARY

Two major conclusions come from the observations of known-age,
banded Sooty Terns at Johnston Atoll, Pacific Ocean. TFirst, young-
est age of breeding is four years, but most individuals do not breed
until ages six to eight, and a few probably do not breed until age
ten. Second, during years prior to breeding, adolescents often visit
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their natal colony, but not until they are at least two years old, and
usually not until four or five years old. The number of adolescents
that visit is age-related, and the time of visits within a breeding
season also is age-related. Most two-year-olds return after adults
have finished breeding whereas non-breeding five or six-year-olds
return earlier, or about one to two months after most eggs have been
laid. While visiting natal colonies, adolescents often attempt to land
among breeding adults, but they appear to be prevented from doing
this by aggression from the adults. Thus, the majority remain flying
over the colony, but some, and especially older birds, land in non-
breeding areas. The majority of adolescents that land, as well as
many of those in the air, appear to be in breeding condition.

As regards breeding, young adults nest later than experienced
breeders, tend to group with neighbors of similar breeding experi-
ence, usually have similarly inexperienced mates, and often nest in
less desirable habitat than experienced breeders. Maturation rates
as measured by initial breeding ages, are highly variable, differ be-
tween years, and are not rigidly age-related. Available evidence
further suggests that even though unidentified environmental and/
or genetic events oceurring years before initial breeding may affect
age of first breeding, other events, possibly relating to availability
of suitable nesting space, also affect the number of young birds that
breed in any given year.
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