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The Bridled Tern breeding population on Penguin Island has increased steadily over the 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 cxpanded its breeding 
range southwards from the Houtman Abrnlho� 
Islands since 18-U. It was nesting on some of the 
Shoalwater Bay Islands bv 1920. Between 1940 
and I 942, nesting occurre�I near Penguin Island 
on 13ird and Shag Tslands (Servcnty and White 
19--U). Then the breeding colonies expanded to 
Seal Island. 1.1 km north of Penguin Island, and 
to the rocks off Cape Peron (Serventy et al. 1971: 
Scrventy and Whittell 1976). Penguin Island was 
clearly occupied later but the actual timino of 
colonization was not recorded. Presently app1:1xi
matclv I 000 to I 200 breeding pairs nest in a 
number ot sub-colonies on Penguin Island. 

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

The observed rnnge 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 or the 
Lccuwin Current have presumably expanded the 
distribution of the Bridled Tern's prey species 
(Dunlop and Wooller 1990: Wnoller et al. 1991). 
Howevcr. little _ is known about the population 
biology underlying_ range extension. A banding 
study which began 111 th.:.; 1982/83 breeding season 
now pro:1des some information on the expanding 
Bndled fern colony un Pcnguin bland. 
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STUDY AREA AND METHODS 

rhL· loc.1tio11. ph�·-.iography. n:-�c1�1tio11 and urni1hology of 
l'en�uin Island "'" dc,eribed in Dunlop ,·1 al. l'IKX. The 
flridkd Tern hrl'l.:din� ...,c�1,on \\'a"i a11:1h·-..cd in ..;ome detail in 
Dunlop ,u1d .lcnkin,' I ')')2 :ind that p·apcr al"> inclutkd a 
tk·...,uiptiPn �ll th1...• nnrtill'rn ,tud� L'olo11y. 

Before the' I'll-ii-I X<J h1eedin� ,ea,on. thc 11ridkd Tern 
colun� \\ a .... llh>I L' l)r It._,...,:,,. conllnl'<.I to the nort hL'l 11 a11d :,,.outhl'rn 
pl:tte·:1t1\ and the· 1al11, ,lope,. SinL"c th.ti 1i111e·. the· L"Olon1 hit , 
l''\pL111<.kd ttllP ..,arn.lit..:r habitat,. 111 particular tilL' '>Ollth-ca-..tcrn 
dune· ,lt>pe· and the· to111ht>h> area. \\"hid1 c\tc' tHI, e,"t\\ard, 
1,>11.trd, the adj;,eent 111.iinl;ind. The n;itural , -e�ctation he

re· 
i, dt>n1111:1tcd 111 tr,111111� Sea Spinach Tumgo11�1 d"'w11l><•11., 
"1th ,c:111ne·d dump, ol Spinifc, S11i11i/<'.r l011gi/u/i11., ,111t1 
He·111 S,tlthu,lt l?/{({gor/1" l>"crnta. l'arh ol the tornholo ,rn:a 
\\1..·11..'. until rcccn11\ . cu,t-·rcd \\'ith huildirn.!..., or were ura-.,\cd 
hu1 .11\_' Jll)\\ �tl \ ;111�H1, ,1;11:!L'"' lif rl•\'L•gct:1til;,1. I lum:111 <fi...,turb
d!IL'L' 111 lhL· �11c�1 h:1, hL'L'll llHH.:h rL·ducL'd In !"L'l'L'IH �car� . 

ll.,nd111s Pl :,dull ll11dkd Tern,. pulli ,111d tlcdgling, in the 
11n1 thl·n1 ...,uh-L·uln1l\ ,1w .. h arL';1 t Fi�. I) bct!.til duri11� thl' I tJ:-Q/X.) 
b11..·1.:d111� , .... •;i,()11 11 rL·,u·mL·d in 1l;i..., �1rL·ai 11 the 11.J�()/�7 ,c�hOll 
(I.\ . .' .IIIL'1 :1 llHII \ L';1r hr1,,_•;1k) ;111d hc.t..., nnlli1H1L·d to the pn.:�cnl 
I 1•1•1.:' I/'.) 

I IIL' l';1ptllrL· .ind h�111d111� llll'thud, \\l'J"C c.k,LTihcd in 
IJ111lln1> ,llld .lc-11k111, i</ll:. ll:1ndi11g t>I llndkd Tern, in the 
,1111thl'r11 ,uh-l'i1ln11\ ;tJL';t \\ ithi11 thl· tomhulu (Fil!. 1 )  lh.:t!.<lll 
111 lliL· llJ�I) lJll ,1..·;1,()fl \\ llL'll the lir,t p;1ir \\';1, oh-.,cr�·cd hulllin� 
;1 h1L·L·d111� l1,,_•1-ritnr: \\ ithin it. '-;111cL that 1imc krn, OlTup:·in� 
1111, ;trl·;1 h:nl· hL'l.'11 L':tpllll"L'd routinL·I: durinµ handing opcra-
111,11,. \llhl 1,1 lhL· ,m;t\l 11umhL·r nf tern, in lhi, area \\'ere 
l·;1p1ttrL·d 111 thc11 :L·;11 ti! ;1rri\;il 

1�1 idkd I L·1 rh \\ 1th111 th\.· 11Prtl11..:rn .... uh-l·nlony \\\:n.: ctpturcd 
;11 r;111d(1m. \\ 1th1Htl n.:krL•flcL' ld marked ,itl''

· 
1\-.; tl rc�ult. 

Pill� .i p11,pPnin11 111 thL· prc\ iou,I� 111:.irkcc.l tern, from \\'ilhin 
1h1, ;t1L'.1 \\t>tdd be C\JlL'L'Lcd 10 h1..· r\..'c.qitLHL'd. 1\dult ;111nu;d 
'-lll, 1, ;ti r:ttL·, in th"-· JHHthcrn c11lrnl\ \\ L'rL' L·,tim;-1tcd ll;'li11:.! 1 he 
.\ktltt>d 2 e·:ikul.tti,,11 "r i\iclrnll, ;,nd \\'oinar,ki l'JSS .. Thi, 
u,L'' the ri1tio ot thL' jlL'rL'L·ntagL· ul i11di,·idui.tb kllU\\'11 lo hl" 
�tli\ c (''t, K !"BA) 111 '-lH:c1...·-.,,i\1...· ,·earl\' intL-r,·;ib after handirn2.. 
rh1..· 1...·,tilllall" nl a\ Lraµc a11

.
11uill · pcrccntaµ.c �un·i\'id is 

Pht;tJncd h� Lh1..· lullo\\'lllt!: 

",.KJH\J\12) 

.. KIH.\t\lll 

·, ....:·1 B,\ (\1 31 
' .. I..: I B,\ (,r 2J 

',. KT!l,\ l'1 ,1 
"., Kl IL\ (�r ,-1) 

Th1..· .i..,,umption.., underlying thi, method arc outlined i11 
Nid1oll, ;ind W,,inar,ki 1 •m,�. 

RESULTS 

From the beginnin!.! or this study in the 1982/81 
breeding scaso�. the Ttrea occupied by the Rridled 
Terns has expanded progressively. Figure I shows 
three sta!.!,cs in the expansion of breeding area: 
delint.'.ati,�!.! the situation in 1982/83. 1986/87 and 
1992/lJJ. All areas which have been occupied have 
remained so. The colonization of the southern 
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Figure I. Map of {'e11g11i11 /s/a11d. sl"m·i11g thc dis1ril1/<1io11 of 
the !Jridled Tern hu·,·di11g co/on1· i11 the /982/83 .11·aso11 a11d 
the additional an•as occrlf!ied "I' ro /98()/87 a11d 1hc11 !9<J2N3. 
/\/so slun\'11 arc 1he locution, of lit<' /H'O stud,· areas: 1/ze 
Northern .\uh-coln,1_r wul 1/,1' So�llhern Suh-co/�JII_\'. 

sub-colony began in the 1989/90 breeding season, 
with the number of terns occupying territories 
increasing rapidly in the two years 1991/92 and 
1992/91. Recently. about 25 pairs of Bridled 
Terns were observed on breeding territories. 
in two groups. within the southern study area 
(Fig. I). 

Forty-four of 603 Bridled Terns banded as pulli 
or lledglings in the northern study colony have 
been recaptured at least once in subsequent years 
within this area or from the southern study area. 
In total there were 53 known-agc rccapturcs. 
because some terns wcrc rccaptured in more than 
one year. Terns from one to seven years of age 
were reeaptun.:d. 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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Fiµurc 2 .  Stack /Jar ( '/,art .1/,oll'i11g the rdatil'I' i111porrn11c1' of 
.1<T<'11 k1101rn-11gc c/11.,se., in tl,c !Jrid/cd Tem co/011r. Tl,e 
hon rl'/>rt'.'fflll the 1111111/Jer of llridll'd Terns captured at a�l's 
I w 7 dil'it!cd hr the w111! 1111111/Jer /i1111ded wtd 11rni/11h/e ji1r 
Cllf)/flr(' al each age and expressed as a 11ercc11wgc. The lay ers 
in tltc liar cl,1111 dis1i11g11i.1/, tltc co1urihutio11 of' k11011·11-aged 
tcms rnpturet! in 1/,e .\'ortlll'm S11h-co/011_1· 1111d So,11ltem S11h
colony. The towfs captured al each a�e are gil'('ll aho1·c the 
co/1111111.,. 

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

Figure 2 shnws th,tt a small proportion of one 
and two-year nld terns were present in the 
colonies. There was a marked peak with the influx 
of three-year old terns into the colony areas. 
particularly into the established northern sub
colony. Four-year olds were proportionately less 
important i n  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. I -BS adult Bridled Terns 
were captured in the northern sub-colony and 
were available for recapture.  at least once. i n  sub
sequent year�. Table I shows the numbe r  banded 
in each season and the number known to be alive 
i n  the years following the banding year. The data 
for the adults handed in the 1 982/83 season arc 
shown in the table but were not used in t  the 

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 
I ) .  I t  is un l ikely that these birds were less than 
three years old at banding. so the i r  min imum age 
would be thirteen. Using the results in Table I and 
the Method 2 calculati01; of Nicholls and Woinarski 
( 1988 ) .  the average annual survival of adult 
Bridled Terns was 82.5 per cen t .  This would give 
a mean expectation of further life for banded adult 
terns of 5 . 2  years (N icholls and Woinarski 1 988). 

DISCUSSION 

The results from the recapture of known-age 
terns suggest clifferenccs in age structure between 
the long established northern sub-colony and the 
recently occupied southern sub-colony. 

Most 13ridlcd Terns appear to return to their  
natal sub-colony in  their  th ird year .  Dunlop and 
Jenkins ( 1 992) have shown that th i s  generally 
happens late i n  the season and may not result in 
a breeding attempt.  Four-year old terns were 
recorded from nests and this  was effectively the 
first breeding year (Dunlop and Jenkins 1992) .  
The t h ree-year age class produced a marked peak 
in the northern sub-colony but four-year olds 
were proportionately less represented in this area. 
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 th is  local emigration 
was taking place. The dominant age classes i n  the 
established northern sub-colony were years six 

TABLE I 
The number of adult Bridkd Tern, handed in the nlll'thcrn 
study colony ,ad1 season and the number of these known to 

ht: alive in ,uh,cqucnt \·cars. 

Banding Number Sub\cqucnl Year, 

st.:ason h,11Hkd 2 .j 5 6 7 8 9 J () 

1982/8:I (i I l .'i 1-l 1 1  7 ·' 3 2
1 986/87 1 88 IIJ.J 89 55 '27 1 8  1 6  
1 987/88 :13 1  1 25 76 :;� �3 1 7  
l 'J.�8/x<J 252 75 ·'"' 2..i 1 7  
1989/l)II 256 2-1 1 7  1 2  
I '190/'! I 2-15 2-1 1 8  
I '!'J l/92 1 ( 15 (, -
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and seven. with st i l l  older terns probably also 
important .  

Overall . these t rends in  age structure suggest 
that a proportion of the thrte and four-yca�·-old 
recrui ts  which returned to the natal sub-colony 
were unable to secure breeding sites. Presumably. 
the established colony was producing more 
recruits than were necessary to compensate for 
adult morta l i ty .  leading to compet it ion for nest 
sites and partial dispersal. 

The estimate of the avcra11.c annual adult 
survival assumes that none of th� losses were due 
to emigra t ion .  In  the latter seasons of  the study. 
a �ig1� i f'1ca11t proportion of the previously 
unmarked terns banded would have been pre
bre<.:ding a11.e birds. Since some of these terns have 
been shm�1n to settle ult imately outside the 
northern sub-colony study area, the calculated 
82 .5  per cent adult survivorship will be an under
estimate. 

The 1 982/83 cohort of banded young was 
known to have a min imum survival to recru i tment 
of :-16 .8 per cent ( unpublished data). Using that 
figure for breeding output .  an adult survival rate 
of 83.5 per cent would produce an average 
l i fetime reproductive rate above replacement 
level. 

The observed growth in the area occupied by 
breeding Bridled Terns would therefore have 
been d 11vcn by a surplus of young breeding age 
terns in an environment where food availabi l i ty 
was 1101 l imit ing population size. Although the 
colonization of  the Shoalwater Bav Islands must 
have begun in it ial ly with immigration from 
another 11opulat ion, the presenr expansion could 
be sustained without the recruitment of terns 
from outside the natal region .  
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