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The Bridled Tern breeding population on Penguin Island has increased steadily over thg last
decade as evidenced by an expansion in the area occupied by the nesting birds. In an established
sub-colony area, individuals which were five to seven years of age or older made up most of the
breeding pairs. Three-year olds, which were probably pre-breeders, were conspicuous in their
established natal sub-colony but many were recruited later elsewhere. A recently occupied nesting
area only contained young pre-breeding and breeding age terns, with four year olds being the most
important age class. Adult survival was calculated to be 82.5 per cent. However, because of the
effective emigration of some pre-breeding adults, this was concluded to be an underestimate.

INTRODUCTION

The Bridled Tern has expanded its breeding
range southwards from the Houtman Abrolhos
Islands since 1843. It was nesting on some of the
Shoalwater Bay Islands by 1920, Between 1940
and 1942, nesting occurred near Penguin Island
on Bird and Shag Islands (Serventy and White
1943). Then the breeding colonies expanded to
Seal Island. 1.1 km north of Penguin Island, and
o the rocks oft Cape Peron (Serventy er al. 1971
Serventy and Whittell 1976). Penguin Island was
clearly occupied later but the actual timing of
colonization was not recorded. Presently approxi-
mately 1000 to 1 200 breeding pairs nest in a
number of sub-colonies on Penguin Island.

Bridled Terns return to their natal area. most
doing so in their third year of life. Once estab-
lished as breeding adults, individual terns will
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retain the same nest sites trom year to year,
although some will shift short distances within the
original sub-colony (Dunlop and Jenkins 1992).
Thus, the historical expansion of the arca
occupied by the breeding colonies in Shoalwater
Bay must correspond to growth in the population.

The observed range extension of the Bridled
Tern in south-western Australia is considered to
be related to oceanographic factors. Specifically,
the long-term trends in the behaviour of the
Lecuwin Current have presumably expanded the
distribution of the Bridled Tern's prey species
(Dunlop and Wooller 1990: Wooller er al. 1991).
Howcever, little is known about the population
biology underlying range extension. A banding
study which began in the 1982/83 breeding season
now provides some information on the expanding
Bridled Tern colony on Penguin Island.
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STUDY AREA AND METHODS

The location. physiography. vegetation and ornithology of
Penguin Island was deseribed in Dunlop et el 1988, The
Bridled Tern breeding season was analysed in some detail in
Dunlop und Jenkins 1992 and that paper also included a
description of the northern study colony.

Betore the 198889 breeding season. the Bridled Tern
colony was more or less confined to the northern and southern
plateaux and the talus slopes. Sinee that time. the colony has
expanded into sandier habitats, in particular the south-castern
dune slope and the tombolo arca, which extends castwards
towards the adjacent mainland. The natural vegetation here
is dominated by tratling Sca Spinach Terragonia decumbens
with scattered clumps of Spinitex Spinifex fongifolins and
Berry Sultbush Rhagodia baccata, Parts of the tombolo area
weres unul recently. covered with buildings or were grassed
but ire now at various stages of revegetation. Human disturhb-
ance m the arca has been much reduced in recent years.

Bandimg of adult Bridled Terns. pulli and fledglings in the
northern sub-colony study arca (Fig, 1) begun during the 1982/83
breeding season. Tt resumed in this area in the 1986/87 scason
e atter w tour vear break) and has continued to the present
(1992/493)

Fhe capture and handing methods were deseribed  in
Dunfop und JTenkins 1992, Banding of Bridled Terns in the
southern sub-colony area within the tombolo (Fig, 1) began
e the 198990 season when the first pair was observed holding
a breedimg territory within it Smcee that time terns oecupying
this arca have been captured routinely during banding opera-
tnoos Most of the small number of werns in this arca were
captured in their vear of arrival

Bridled Terns within the northern sub-colony were captured
at random. without reference o marked sites. As a result,
only o proportion of the previously marked terns from within
this arca would be expected 1o be recaptured. Adult annual
survival rates in the northern colony were estimated using the
Method 2 calculation of Nicholls and Woimnarski 1988, This
uses the ratio ot the percentage of individuuals known 1o be
alive ("o KTBA) in suceessive vearly intervals after banding.
Ihe estimate of average annual  percentage  survival s
obtined by the tollowing:

TeH Yo KTBA (vr2)

Yo KTBA (v 3)
(x-1) Ya KTBA (yr 1)

TURTBA (v 2)

Yo KTBA (vrx)
Yo KITBA (yrx-1)

The assumptions underlving this method are outlined in
Nicholls and Woinarski 1988,

RESULTS

From the beginning of this study in the 1982/83
breeding season. the area occupied by the Bridled
Terns has expanded progressively. Figure 1 shows
three stages in the expansion of breeding arca:
delineating the situation in 1982/83. 1986/87 and
1992/93. All areas which have been oceupicd have
remained so. The colonization of the southern
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Sauthern Sub-colony

Figure 1. Map of Penguin Island. showing the disiribution of
the Bridled Tern breeding colony in the 1982/83 season and
the additional arcas occupied wp 1o 1950/87 and then 1992793,
Also shown are the locations of the two stidy areas, the
Noarthern Sub-colony and the Southern Sub-colony.

sub-colony began in the 1989/90 breeding season,
with the number of terns occupying territories
increasing rapidly in the two vears 1991/92 and
1992/93, Recently. about 25 pairs of Bridled
Terns were observed on breeding territories,
in two groups, within the southern study area

(Fig. 1).

Forty-four of 603 Bridled Terns banded as pulli
or fledglings in the northern study colony have
been recaptured at least once in subsequent years
within this arca or from the southern study area.
In total there were 53 known-age recaptures,
because some terns were recaptured in more than
one year, Terns from one to seven vears of age
were recaptured. In Figure 2. the bars represent
the number of terns captured at each age
standardized for the number banded and avail-
able for capture at that age, expressed as a
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Naorthern sub-colony i Tombole sub-colony

Figure 2. Stack Bar Chart showing the relative importance of

seven known-age classes in the Bridled Tern colony. The
bars represent the monber of Bridled Terns caprured at ages
I1o 7 divided by the wial number banded and available for
capiure ar each age and expressed as a percentage. The layers
in the bar chart distinguish the contribution of known-aged
terns capiired in the Northern Sub-colony and Southern Sub-
colony. The totals captired at each age are given above the
coltmnns.

percentage. This standardization does not allow for
mortality and therefore the proportion of young
birds in the study colony will be exaggerated.

Figure 2 shows that a small proportion of one
and two-ycar old terns were present in the
colonics. There was a marked peak with the influx
of three-year old terns into the colony arcas,
particularly into the established northern sub-
colony. Four-yecar olds were proportionately less
important in the established sub-colony but they
were an important age class amongst the terns
establishing themselves in the recently occupied
southern sub-colony. Known-age terns older than
five years were not present in the southern sub-
colony.

During the study. 1 438 adult Bridled Terns
were captured in the northern sub-colony and
were available for recapture. at least once, in sub-
sequent years. Table I shows the number banded
in cach season and the number known to be alive
in the years following the banding year. The data
for the adults banded in the 1982/83 scason arc
shown in the table but were not used int the
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calculation of mean annual survival because of
the four year break.

The oldest terns presently known to be in the
colony were banded as adults ten years ago (Table
1). It is unlikely that these birds were less than
three years old at banding, so their minimum age
would be thirteen. Using the results in Table | and
the Mcthod 2 calculation of Nicholls and Woinarski
(1988), the average annual survival of adult
Bridled Terns was 82.5 per cent. This would give
a mean expectation of further life for banded adult
terns of 5.2 years (Nicholls and Woinarski 1985).

DISCUSSION

The results [rom the recapture of known-age
terns suggest differences in age structure between
the long established northern sub-colony and the
recently occupiced southern sub-colony.

Most Bridled Terns appear to return to their
natal sub-colony in their third year. Dunlop and
Jenkins (1992) have shown that this generally
happens late in the season and may not result in
a breeding attempt. Four-yvear old terns were
recorded from nests and this was effectively the
first breeding year (Dunlop and Jenkins 1992).
The three-year age class produced a marked peak
in the northern sub-colony but four-year olds
were proportionately less represented in this arca.
This suggests that there was a partial emigration
of young breeding-age birds from the established
northern sub-colony. The recapture of terns from
these age classes in the recently occupied southern
sub-colony confirmed that this local emigration
was taking place. The dominant age classes in the
established northern sub-colony were years six

TABLE 1

The number of adult Bridled Terns banded in the northern
study colony each season and the number of these known to
be alive in subsequent vears.

Banding  Number Subsequent Years

season banded 1 2 3 4 5 6 7 8 9 10
1982/83 61 — — I3 17 3 3 2
1986/87 188 104 89 55 27 18 16 — — —
1987/88 331 12576 32 23 17 — — — — —
[USKR/8Y 252 75 35 24 17 — - —— —
1989790 256 e 1 0, e e e A
199091 245 2418 — — — — —
1991/92 105 6H — = — R
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and scven, with still older terns probably also
important.

Overall, these trends in age structure suggest
that a proportion of the three and four-year old
recruits which returned to the natal sub-colony
were unable to secure breeding sites. Presumably,
the cestablished colony was producing more
recruits than were necessary to compensate for
adult mortality, leading to competition for nest
sites and partial dispersal.

The estimate of the average annual adult
survival assumes that none of the losses were due
to emigration. In the latter seasons of the study,
a  significant  proportion ol the  previously
unmarked terns banded would have been pre-
breeding age birds. Since some of these terns have
been shown to settle ultimately outside the
northern sub-colony study area, the calculated
82.5 per cent adult survivorship will be an under-
estimate.

The 1982/83 cohort of banded young was
known to have a minimum survival to recruitment
of 36.8 per cent (unpublished data). Using that
figure for breeding output, an adult survival rate
of 83.5 per cent would produce an average
lifctime reproductive rate above replacement
level.

The observed growth in the arca occupied by
breeding Bridled Terns would therefore have
been driven by a surplus of young breeding age
terns in an environment where food availability
was not limiting population size. Although the
colonization of the Shoalwater Bay Islands must
have begun initially with immigration from
another population, the present expansion could
be sustained without the recruitment of terns
[rom outside the natal region.

Corella 18(2)

ACKNOWLEDGMENTS

We are grateful to the Western Australian
Department of Conservation and Land Manage-
ment for permission to undertake research on
Penguin Island and for providing accommoda-
tion. The banding project was conducted under
the auspices of the Australian Bird and Bat
Banding Scheme. Peter Long, Michacl Slack-
Smith and Dee Margetts  assisted  with  the
preparation of the manuscript.

REFERENCES

Dunlop. I. N. and Jenkins T (1992). Known-age birds at a
sub-tropical colony of the Bridled Tern (Sterna anacihetus):
A comparison with the Sooty Tern. Colonial Warerbirds 15:
T5-82.

Dunlop, J. N.. Klomp, N. L. and Wooller, R. D. (1988).
SEABIRD ISLANDS No. 188. Penguin Island, Western
Australia, Corella 12: 93-Y8.

Dunlop. J. N. and Wooller. R. D. (1990). The breeding sea-
birds of South-Western Australia: trends in species, popula-
tions and colonies. Corella 14: 107-112.

Nicholls, D. G. and Woinarski. J. C. 7. (1988). Longevity of
Pied Currawongs. Corelfa 12: 4347,

Serventy, D. L., Serventy, V. and Warham, J. (1971). "The
Handbook of Australian Scabirds™. (A. H. and A. W. Reed:
Sydney.)

Serventy, 2. L. and Whittell. H. M. (1976}, *Birds of Western
Australia’, (University of Western Australian Press: Perth,
WA.)

Serventy. V. N, and White, S. R. (1943). Birds of Warnbro
Sound, Western Australia. Emu 43: 81-95.

Wooller, R. D.. Dunlop. J. N., Klomp, N. I.. Mcathrel,
C. E. and Wienecke, B. C. (1991). Scabird abundance.
distribution and  breeding patterns in relation to the
Lecuwin Current. J. Royv. Soc. W.A. 74: 129-132.

FIRST INTERNATIONAL CONFERENCE ON THE BIOLOGY AND
CONSERVATION OF ALBATROSSES

Persons secking information or wishing to attend should write to:

Graham Robertson
Australian Antarctic Division
Channel Highway

Kingston, Tasmania
Australia 7050

Direct Phone: 61 02 323 337

Direct Fax: 6102 323 351



