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Hierarchical clusler analysis ol morphological data (total head length, exposed culmen and tarsus)
irom 56 Crested Terns Sterna ber.gt lrom south-east Tasmania enabled the idenlilication ol an individ-
ual's sex. Both tolal head length and exposed cLrlmen can be used to ditferentiate the sexes as there
is no overlap present. Tarsal lenglhs, due lo a large degree of overlap, are of limited use. Comparison
with unpublished morphological data from Western Australia indicates that a qeographic variation
exists between populations in Australia. Future studies should collect morphological data in order to
describe the exient oi this variation.

INTRODUCTION

Thc Crested Tern, Sterna bergil Lichtenstein,
has treen recorded brecding throughout tltc
coastal regions of Australia (Serventy et al. \977
Blakcrs et a/. 1984). Previous studies on the
sl.rccics have focuscd on breeding biology
(Dunlop 1985a; Hulsman 1977 and Langham and
Hulsman 1986), moult (Dunlop 1985b) and
trehaviour (Dunlop 1987). Davies and Carrick
(1962) investigated chick rccognition by incubat-
ing parents. Carrick a al. (1957) and Carrick
(1959) in early studies describcd movements of
banded ind iv idua ls .

The only published rnorphological data were
presented by Scrvcnty et ql. (1971) for 12 individ-
uals. and Pringle (1987) who presented ranges for
morphobgical parameters, mostly from Serventy
at ql. (1971). Neither gave a source locality for
thc data. Hence there are no data availablc on
rny sexual or geographic variation that may be
prcscnt in the various breeding populations
around Australia. Such data are fundamental to
detcrmining thc taxonomic status of a population
throughout its range. concomitant to any eco-
logical studies that are undertaken.
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PRELIMINARY INVESTIGATIONS INTO THE
MORPHOLOGY OF THE CRESTED TERN

This paper presents the results of an analysis of
morphological data collected from a breeding
population in south-east Tasmania. These results
provide a basis for comparisons in futurc studies
in other parts of Australia.

METHODS
Al l  dala were col lected between I  I  January and 29

November 1987 f rom brecding adul ts on Spcctacle Is land
(42"52'S,  I47 '36'E),  Lachlan ls land ( ,12'39'S.  147"59'E) and
Cur lew Is land ( .13'26'S.  147"10'E) iD soutb-east  Tasmania.
Adults were capturcd usin!! walk in traps madc of largc mcsh
(c.  20 rnrn)  cbickcn wirc sct  over ncsls wi lh cggs.

Sla dard mcasurements ( totn l  bead lcngth,  cxposeci  culmen
and tursus) were collected from 56 birds concurrent wirh band-
ing operal ions.  Body weights wcrc col lec led but  not  analyscd
duc to dai ly  indiv idual  var iat ion.  Simi l t l r ly .  wing and ta i l
Iengths wcrc obla incd but  Dot analysed duc to var iat ion f rom
moul l  and abrasion.  Cloacae were not  examincd dur ing the
data col lcct ioD-

' l 'hc 
data were subjcctcd !o a h icrarchical  c lustcr  anir lys is

cxamining cucl id ian distanccs betweeD thc dara points in 3-
dimensional  space.  Ful l  mathemat ic l  t reatmcrts can bc found
in Piek)u (1981) and Fie ld c/  a/ .  (1982).  The analysis con-
structeLl a dcndro€lram based on unweighted,pairs group
averaging l inkage. descr ib ing thc s imi lar i t ies betwccn the
indiv idur l 's  n lorphological  data.  and djv idcd rhe data into
clusters,  f rom which univar iate stat is t ics were generatcd.  No
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ler ihcal(D of  thc sc\  of  iodiv i r tuals wir i  madc as lh is woutd
rnvohc lhc sacr i l lcc of  a s igni l lcanr proporr ion of  rhc smal l
brccding potLr la( ion of  Crcsred Tenrs in sourh-c1rst ' t  asmanir .

U n p u b l i s h c d  c x p o s c d  c u l m c n  d a r r  ( n :  l 9 )  c o l l c c r e d  a r
Frcn) i r I l t lc .  Wcstcrn Austra l ia.  wcre k indly matte arai lablc by
l .  N.  Dunlop.  Thcsc dl ta lvere nol  subjecred lo ihc ctustcr

RESULTS
'fhc dentlrogram produced by thc cluster

r rnrr l l . i r  i .  pre\cn l .J  in  F igure L The r rnrr l l . i .
r l c i t r l y  s r 'P ; r r l r ted  l l t r  J i r l i r  in lo  th rc (  c lus t . . l \  r ' l
30. 23 and three individuals. Bascd on irn exami-
nation of the raw morphological data. wc propose
tha t  the  b i rds  in  c l rLs te r  I  were  femalcs  (n  =  30)
z rnd  those in  c lus tc r  2  werc  males  (n  :  23) .  Th is
proposal was bascd on thc fi lct that thc spccics is
known to  be  sexua l ly  d in rorph ic ,  w i th  ma les
la rccr  than fc rna les  (J .  N .  Dun lop .  pcrs .  comm.) .
bnscd on  d isscc t ions  and copu la to ry  obscrva t ions .
Thc  smal l  c lus tc r  o f  th rec  rcpresents  ind iv idua ls
with dlta values for one or more of thc thrcc
mcasurcmcnts  we l l  ou ts idc  thc  rangc  o f  va lues
dcmonst r r tcd  t rv  thc  ind iv idua ls  in  thc  o ther
c lus lc rs .  and i t  u 'as  c lcar  tha t  an  er ro r  in  c i ther
da ta  co l l cc t ion  or  t ranscr i i ) t i ( )D  had becn nadc .
Thc data ltr)m thesc ihree inclivit luals werc
exclutictl f lonr lr l l  furtl lcr analvscs.

M i n r m u m  \ 4 . r : \ i | l r u n r  V ( . , r  S D  \ 4 ( , i r .  l
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TABLE I
Rargc.  mean, s l i lndarc l  deviat ion lnd Dredirn lor  bodv
neasurcmcnls col lectcd f rom malc (n = 23) rnd lcn.r le (n =
l0)  ( l restcd ' Icrns 

f rom south-c lst  Tasnania.  Al l  mcasur.c-
nlcnls in mm.

E!c deo.  D s icnce

l:igure L Dcnrlrogrtnn prodrutl b\ hi.krdtiul Lhtst(
unalrsis o.l ntorphologiel lutu (kn lhanl b44rh,
oilt)td (ulnun utft! tur t) lront 56 Creslul Iuns
in sou!h-( .\1 ll\tna iu.

1 1 5 . 6

61 . .+
35. '1

1  r  0 . 1

56.f i
l -1.7

Based on  thc  c lus te r ing ,  min ima.  nax in ta ,
means. standard deviations and ntcdialls for total
hcad length, exposcd culmen and tarsus oi thc 23
nra lcs  and 3( l  femalcs  wcrc  ca lcu la ted  (Tab ls  l ) .
Eithcr total head length or cxposed culmcn would
apparentl) ' scx all inclivit lual Crcstcd Terns in
south-cas t  Tasmania  as  therc  i s  no  ovcr lap
bc twccn the  sexes  lo r  c i thc r  o l  thcsc  r rcasure-
ments  ( ' l ' a t r l c  1 ) .  Thc  la rgc  ovcr l i rp  bc twccn the
l : r r . i r l  L l r l l  l r ( \ l l r ( l c \  t h i \  n t ( i t \ l l r r . m c l ) l  ; r s  ; r  s c r i n g
guidc. cxcept at thc cxlrcmcs ol thc observetl
range in  the  da ta .

DISCUSSION

Dcspite thc lack of vcri l icatiorr of the presuncd
scx  01  'nd iv idua ls ,  wc  arc  conhdent  tha t  t l l c
rcsults ol the anrlyscs arc rcprcscntitt ive ol thc
sexua l  d imorph ism in  thc  b rccd ing  popu la t ion  o f
Crested Terns in south-cilst Tasnania. Oncc
scxing critcria havc bcen estlblislred fol breeding
populatiens. the full rangc ol scx-spccific ccological
studies bccomcs possible.

The poolcd mean tbr length ol cxposcd culnlcn
obtaincd in this study (58.8 mm) is significantly
different from thc nean exposed culmcn lcngth
ol 66.2 mm obtaincd from breeding adults at
Fremant lc  ( ts0  =  10 .10 ,  p  <  0 .001) ,  bu t  i s  no t
significantly different from that reported by
Scrventy r l  u l .  (1971)  o f  59 .1  mm.  Basedonthcsc
data. it is clcar thal geographic variation exists in
thc nrorphologv of Crcstcd 

'I 'erns 
around

Australia.

T o t ! l I I c a ( 1
Lcngth

Ixposcd
CulDren

Tarsus

Trnr l  Hcad
Lcngth

Lxposed
( lu lnrcrr

'fLrrsus

l 2 { )  9  16 .11  1 .90

65.3 6 t.50 I .5(.)
17 .9  15 .10  1 .27

1 1 3 . . 1  r 0  1 9  L 9 l

58.9 56.lJ l  l  . l . l
36 .6  11 .5 t  0 .97

1 r . 6

59 .2
.12.6
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TABt_it 2
I J r ( v r o L r \ t \  c o t l r . r . c l  n r o r f h o i o l l j c r t  d l l i r  i o n r  (  r c \ r e ( l  t c n r s  i n  A u s l f | l l i r  A l l  l r r c a s u r c n r c n r s  r n  r r r n r

lv l in inrunr iv l t r r i lnunr NIcan Rclerence

l i r i l  L - r n g t h

I  . L r \ 1 , \

t :
l l
l9
t l

l 5 t
5 l  ( l

t 7 6

t-  ) .1
t9

l 6 i
5 9  I
6 6 :

S c r  v c r t v . r  r / 1  l 9 l  l :  J l i n l l r  I 9 N 7
S c f \ r r ) t \ . / r / /  l ( l l l  i  I ' f i n , t l c  l 9 i l l
. l  N  D u n k 1 , .  u n p L r h l .  d l t a
: icn ' rn l \  i r . r / .  1971i  P. i  g lc l r )117

' f hc  
lu |gc  d i l l c |encc  be t \ \ , ccn  thc  l t rc i tn  ta rsa l

l cng lh  o l  lT  r r t r t t  rcpr t r tcc l  l t v  Scrven lv  c /  d / .
r  l ' , - l r  i l r , t  t l l , r  , r l ' l r r r n . , l  i n  t i t r \  . t r . ( l \  { l ) , , ( , 1 . J
nrcan. l -1 .11  n tn t )  can  be  cxp la inc t l  by  thc  inc lus ion
o l  the  t ib ia  in  rhe  ta rsus  nrc i l sLr renrcn t  o f  th is
s lu ( l \ '  ( rnc tho( i  "TZ o f  thc  A I IBBS) .  I t  i s  c r i t i ca l
tha t  i l l l  mc i l sLLrc l t rc l t t s  co l l cc tc ( l  a rc  i c icn t ica l  in
r l re thodo log \  i l ' t  o f ( l c r  1o  e lc tc l r l inc  t i t c  cx tcn t  o f
gcou[aP l t i c  var iu t io r l .

' l ' hc  
c \ l cn t  o l  ( l rcs ted  ' f c l  

n  n lovements  a round
Aust la l i i r  i s  no t  fu l l v  undcrs t (x )c l .  Car r ick  c l
r r l .  (1957)  dcsc l i t re t i  n ( ) r t l t \ \a r ( l  and  south-
rvlrrd tl ispcrsir.rn frorn ltrcecling krcalit ies in
Ncrv South Walcs basccl on blncl recclvcries and
thrcc  l cs i rh t ings  o f  b i rnds  in  Tasmtrn ia .  onc
fronr Ncrv South Walc\ and two from Victoria.
l i . cs i1 ]h t ings  o f  b rccd ing  adu l ts  banded in
Wcstc rn  Aus t r i l l i a  werc  con l incd  to  w i th in
-12 km of thc original banding site. No wcstward
movcmcnts to Westcrn Australia havc Lreen
rcp()rtcd (Carrick ct ul. 1957. M. D. Murray. pers.
comnr . ) .  A  l in r i t  o f  320 km has  t rccn  suggested  fo r
thc  in tc rnr ing l ing  o f  ind iv idua ls  bc tween co lon ies .
although acknowlcdging ntorc data were nccded
fK)m longer time-scale stuclies (Carrick er
al. 1951). More rccent recoveries lrom Wcstern
Australia arc of birds blrnclecl as chicks up to
500 km f rom thc i r  na ta l  co lony  (J .  N .  Dur i lop ,
pers .  conrm. ) .  Servcnry  e /  u l .  (1 t )111and B lakers
el c/. (19u4) dcscribed eastward movcments
of I 850 km from breeding localit ies in South
Australia to New South Wales lnd Oueenslancl
and also noted thc continued absencc of west-
wzlrd mov(rlnents of individuals, based on
band recoveries. Local movcments betwecn
breeding bcalit ies in south-east Tasmania and
morc distant movements between mainland and
Tasmanian brecding localit ies havc been
, rhservcd  (Shureh i rd  Srud l  Croup und \ ICW.
u n p u r l l .  d u t a ) .

Liddy (1968) postulated that two breedins
populations of Crested Terns had bred syml
patrically on islancis off thc north-east of

fasrllr lr itt. l-rasccl ol a suddcn llrrgc inflrLx
{c .  I  l (X)  to  I  100 pa i rs )  to  thcsc  brccd ins  s i tcs .
No cvitlcncc \\ 'us l-)lcsclltcd lo \upport t ltc
suggcs tc ( l  sourcc  o l  lhcsc  b i rc ls  (s t i l l c ( l  as  co l rs lu l
New South  Wr lcs  o r  cas tcnr  V ic lo r ia ) .  Th js
p i ! t l c rn  o i  sc l rsona l  movcncn i  in to  l l  b rccd ing
arc l l  agrccs  w i th  p lev ious lv  pub l i s l t cd  da ta
(Carrick ct ul. l95l Clrrick l9-59). and more
rcccr l  obscrv l t ions  (WCW) o l  co lon ics  sh i f t ing
brcc(ling locati l)ns betwccn sc sons itncl ct 'en
rv i th in  l r  s rason.

Srrcll obscNations intl icate a u,idc-scalc nrovc-
ment  o t  b i rds  bc t rveer r  na ta i  and br .ccd ing
cokrnies with a concomitant gcnc fltxl betwccn
populations. In tirc abscnce t])f any rccordcd wcst-
ward movertcnts of birds to Wcstern Austl.alia.
tl lc known ciispersion of birds betwccn colonies
i r l  sou th-cas t  Aus t ra l ia  and the  morpho log ica l
data presented hcrc. it is rcasonable 1() propose
that thcrc arc morph<tlogical diffcrcnces l)etwccn
bleeding populations of Crested Tcrns around
Aust ra l ia .

Only threc mcans of detcrnrining tlte scx of
ind iv idua ls  a rc  ava i lab lc :  tha t  o f  us ing  museunr
skins, dissection of freshly kil led birds and
behavioural obscrvations. Museunt sKlns are
known to shrink and warp. and arc thus l imitcd
in their use for f icld work. The verif ication of sex
by dissection is impractical in this casc as it would
involve a sample of at least 30 pairs to be statistic-
ally viablc, ancl this was not fcasible for the rela-
tivcly small breeding population in south-east
Tasmania (approximatcly 500 pairs). Thc third
method of scxing individuals is that of
behavioural observations at the nest site, for
example, copulatory bchaviour. This mcthod
requires ready access to the brecding colony
(typically on offshore islands) and individually
recognizable birds, i.e., a large proportion of the
population needs to bc colour-banded. This
method is preferable, particularly when dealing
with small populations.
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. The data. presented here have clcarly
demonstrated differences in the morphologies oi
Crested Terns brecding in south-cait Tainania
and Western Australia. Morphological data from
olher  b reed ing  loca l i r ies  cover ing  the  who le  range
around Aust ra l ia  a re  now requ i red  to  enah le  the
full cxtent of geographical variation present in
this spccies to be appraised.
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MARINE ORNITHOLOGY

ln  1990. Cotmorcn! ,  thc in lernat ional  journal  of  mar ine
orni thology of  the Afr ican Seabird Group, was rcnamed
lllarirte Ornithology. Thc new title is more descriplive of the
jourDals contcnls of  rcfereed scient i6c papcrs and i rs g lobal
coverage of  seabird studies and mcans that  i t  can now be
rcacl i ly  d ist inguishcd f rom non-rcferced bul lc t ins and news,
lct tcrs,

Seabird rcserrchers throughoul  the wor ld are cncoumged
to submit  tu l l - length papers and short  communicat ions to
Mari '1? Otni thologt ' for  publ ic . r t ion f rom Vol .  19 of  1991.
There arc no current restrictions on thc lcngths of contriburions
and pagc charges re not  lev ied.  Short  commertar ies on issues
that  can be controvcrs ia l  are uelcome as arc book and mono
graph revrews.

A rcn-pcrson intcrnat ional  cdi tor ia l  board and the use
of rc lcrees drawn from lhe whole wor ld mcans that  sub,
missions arc handlcd lo accepted scicnr iRc stand:Lrds.  Mal lae
OrrilioloS) endeavours io offer quick publication 1l) accepted
conlr ibulors.  ut i l iz ing desk- lop publ ishiDg and rhc abi l i ry
1()  hrncl le 6nal  subnr iss ions on computcr  d isks to speed the

Marine Onitholog! supplics 50 free reprints of full-Length
art ic les and a smal lcr  number of  repr ints ofshort  communic i t
tions. Extra rcprints nay be ordered at cost.

Marine OnithologJ is currently abstracted or indexed in
ten bidogical .  oceanographic and polar  publ ier l ions and the
list is growing, ensuring that its conteDts are brought to thc
at tcnt ion of  a wide communi ly.  The journal  is  a lso subscr ibed
to by a growing number of  spccia l is t  l ibra es and by mar ine
orni lhologists on a wor ld wide basis.

Manuscr ipts shoukl  be submit ted in t r ip l icale in thc journal
slyle to John Cooper. editor. Murine Ornithology, cl<>
Fi tzParr ick Inst i tute.  Univers i ly  of  Capc Town. Rondebosch
7700. South Afr ica.  Informat ion for  contr ibutors on sty lc.
etc. ,  n lay be obtr ined f rom the samc addrcss.

For iDforlnation on subscribing to Murine Ornithobgy
and obtain jng back numbers f rom Vol .  I  of  1976 and
other Afr ican Seabird Group publ icat ions.  wr i te 1o the
Afr ican Scabird Croup, P.O. Box l , l l13,  Rhodcs Ci f t  7707,
South Afr ica.


