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INTRODUCTION

Male and female birds often tend to differ with
respect to one or more morphological measure-
ments (e.g.  Rooke lqTbl  McFar land 1986;  Ropers

, . laS6: Pyke and Armstrong lOO3). Male New
Holland and White-cheeked Honeveaters- for
examplc.  tend to be larger  than females in  terms
of the distance from the back of the skull to the
tip of the bill (i.e. headbill length) (Rooke 1976;
McFarland 1986; Rogers et al. 1986, Pyke and
Armstrong 1993). Consequently a frequency
histogram of such a measurement for a whole bird
population may be broader than that for just one
sex and may even be bimodal (e.g. Pyke and
Armstrong 1993; Rogers and Rogers 1995). This
provides the potential for using the observed
frequency histogram to provide a method of
estimating the sex of each individual and estimates
of the frequency distribution of the measurement
for each sex (e.g. Pyke and Armstrong 1993;
Rogers and Rogers 1995).

Ideally, any method for sexing birds based on
the observed frequency histogram of a morpho-
logical measurement, should:

(a) be relatively easy to use;

(b) be based on reasonable assumptions;

(c) produce estimates that are generally accurate
and unbiased;

(d) produce estimates with known and reason-
ably small associated error.

To date three general approaches to such sexing
of birds have been proposed. One is based simply
on estimating the position of the internodal
trough in a bimodal frequency histogram of some
morphological measurement (Pyke and Armstrong
1993). A second is based on an examination of

the cumulative frequency distribution of the
measuremenr when i t  is  p lor ted on probabi l i ty
paper  (e.g.  Hard ing 1949:  Cassie 1954;  Gr i f f i rhs
1968). The third method involves using analytical
procedures to derive estimates of the locations and
shapes of the frequency distribution for each sex (e.g.
Rogers e/ a/. 1986; Rogers and Rogers 1995).

In the context of this reply to Rogers and
Rogers (1995) it is appropriate to review these
alternative methods and to consider the extent to
which each satisfies the above criteria.

ALTERNATIVE METHODS

Estimating intemodal trough posilion

Pyke and Armstrong (1993) presented a method for sexing
honeyeaters based on the frcqucncy histogram of headbill
lengths. Their method could, however, be applied to any
morphological measurement that shows a similar bimodal
frequency histoSram.

The method presented by Pyke and Armstrong (1993)
involves two steps. First, an interval size is chosen for the
frequency histogram so that the resulting histogram was
rcasonably smooth with a clcar trough. Secondly, thc position
of the intemodal trough is estimated by eye. This value is then
used as a threshold to estimate the sex of each individual: if
the measurement is larger than the threshold, the individual
is estimated to be male; if the measurement is smaller, the
individual is taken to be female.

This method is clearly relatively simple. It does, however,
have a number of shortcomings with respect to the other
criteria above (Rogers and Rogers 1995). These are discussed
below.

Firstly, the results of the Pyke and Armstrong (1993)
method may depend on the size chosen for the class interval
in the frequency histogram since this inteflal size can alter the
histogram appearance (Rogers and Rogers 1995). Large
inte als may result in a smooth histogram and hence define the
trough, but the threshold may then lie within a relatively large
range (Rogers and Rogers 1995). Small intervals are subject
to relatively large sampling error (Rogers and Rogers 1995).
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, 
The resuks of rhe pyke and Armstrong (1993) merhod mayr l .o depend on borh rhc sex rar io in lhe sample of  measuredDrros Jno lhc vaf lahi l i l )  ot  the measurement for  each \ex(Roger\  and Rogers lqg5).  Thrs can mor l  ea\ , tv  bc seen bvrma8rnrng lhal  Lhe l requency hi \ togram of  the mearurem.ni

ror  the sample ot  b i rLh rs the . r , rn of  rhat  lor  male\  3nd rhalror  remalcs { \ee Rogcrs and Rogers 1005.; .  t l  fo l lous thar lhepo(rr jun o!  ute jnrernodal  t rough wi l l  \h i f t  ro the lef t  r i .erowaro\  sma er t  atues) wirh decrea\cs in e i rher rhe DroDonion, ' r  rne \mal ter  cex rn thc sample or  rhc v.r r iance of  lhe hi \ iogram
associated wilh rhis sex (Rogers and Rogers 1995).

Con\equent ly.  the merhod of  pyke ana Arm\tron!  {  l99t imay onty appty *hen the se\  ra l io in the bi rd sa-"mple i .
:lll.]lT"..ly 

1:1. and when rhe frequency histogranis forcach sct  are s jmi lar  in \hape. The\e uould be reasonable
a\sumpuons q hcn the f requcncy hi . togram [or  thc bi rd \amplc

l t9:^dl i  
' :  

I  
.ymmerricai abour rhe i ,bserved rrough and, ' inpr(rcurar.,appeer\ to have rwo peaks of roughty "q, int n. igt i

,rnr\ 
can be resrcd srari \r ica ) hv rerer. ing'rhi obseriedtrcquencics ro lhe r ighr of lhe l-hreshotd ,na iompa;ng i ler iwrlh lhc frequencie\ ro the lelt  ot rhe threshold.

.I lsc ul rhe Prke anLl Armstrong { lgq3) melhod require5vr\ur,rnspeclron (r.e. elebalhng. rensa Rtrgerr an.I R,. lger.
,re"r) 

tor esltmatrng lhe po\l t ion of the interftdal trough"anJ
l:#: 

' j:-ll1:.t':ld ror \exinB birdr rnog",. "nJf'og;I
ryyJr. (  onsequen y..the achieved accurac)'  ol the met-hodc,ould. ro Senerdl.  he low. However. in rhe parl icular case ofIne brrd sample\ consideted by pyke ano Armstronp tI99-] lrne aoopr(d,nrelhod estimated sete\ ol birds \\irh good'accuracy
(ryxc and Armstrons 1993)

The,method of pyke and Armstrong (1993) does not, ingener3l.  lead ro esrimat€s ot the enoi a.socialed with thccsrrmareo se\ tor a part icular individual. the sex rat io in rhep^:l l : l .^.  or rhe \hapc of the frequencv hi\ tosram for eachs(r I r(oger\ and Rogen laq5) If these are con\idered nec€\sarv
rnen.lnrs melhod wil l  nor \uff ice. h mav. however, be morlsal isfactory wrthin r ls more-modest goaloIestimaring rnc sexe,or caprured honeveaters (pykc and Armsrrong lgaj)

-_lf : , t" :noo ol.  Pyke and Armsrrong ( las.]) leads, Inpaflrcutar. to a srngle thre\hold tor 5exing birds and individualswr(n measurcmenrs ctose to the rhreshold may be very l ikely
l l-":  l ," .oir9., t l  se\ed {Roger\ and Rogeis tOeS). Con_sequen y..thrs method mav onlr be useful where the overlao
octween the.cxes is relarively sl ight and i t  is considerei
necessary to have an e\ltmated sex lor each observed rndivrdual
T_:_::I"],o".,ut 

ul,td .cological srudie\ such as rhose of pyke.

XtI": .18 
-q: lT.s (e.8.-Armstrong rasO: ts9ra. lqqlb,

ll:,;ill" 
"* 

.u^^!".nor Ie8e: Pyre er d/ to8q. tgqt: pyke

l l_o-Y 
t" l- ,  lq9l).  In some srudies. of course, i t  may be

con\ruered neces\ary lo concentrate on observaltons taken
lrom only lhose individuals !rhich can be sexed with confidence
(Kogerr and Rogers 1995).

_-,11,::ll.rn 
rhe merhod ol pyke and Armslrong { lqg3) is

relalrvely eas) lo use bur require\ assumptions th;t  wi l l  nor
: 'e Seneral ly sal isf ied and yir lds estimate\ thal are general ly
Dlased, may not be accurate, and do not have known
assoclated error. It is likely to be useful only in sDecial
cllcumstances,

Plotting cumulative frequency distribution on probability paper

.. : . , : ! i l l ' l r  
paper,ha\ been xced ro e\r imarc rhc \hape\ olrne trequency dtslr jbutions of morphologrcal rnaurura.ant"

ror.dl l |erent but intermrnglcd group\ {e g. sex, by \everal
1:: lg. ' . t"  q: Hardin8 to4q: (.as; rq'sq, C.irnrh- lqos; r i" , i . ,
r . /d)1. In a ca\e\ lhe measuremenls are considereJ in clas\

^ 
Thrs met hod. rhough not quirc as srmple as lhal of pyke andArmsuong t. teqJ). requircs. l i tr le more lhan rhe plotr ing ot thecumuti lrvc lrequenc) distr iburion tor a parrrcular miasure

ment on probability graph paper (as devised by Hazen 1913).

,  
Thc mcrhod resrs on rhe asumption lhar the observed

rrequency dj\ tnbution oI the measurement lor al l  qrouDs
combined is rh€ arithmetic sum of the distributio., fo?."^if,g-roup and,the frequency distribution for each group is Normal
l l . j l "-T 

(:  C Hdrding ts4(J). Under rhis arsumprion, rhccumurauvc lrequency djstr ibutron. when plolted on probabit irv
l l l fn nrryr, i \  \ igmoidal in \hape consrsring of t inea;segments \rrth rntervening pornl\  of inBexion (H;ding lS4q;
f, : : l ' .  lo5o 

Crif f i rh\ le68i The tocariun and slope ot eachrrnear \egme-nl provides e\ l imales ol lh( mean and \tandard
oevlatron o-l  each of the group distr iburion\, while thepostr|ons.ot the rnUexion poinrs provide esrrmates of thererarrve aDundance ofeach grouD In the totajsample (Harding
1949).

,  ^The 
val idity of the as\umption that the componcnr drstrrbu_

Ilons. are Normal in \hafte ha\ nol been derermined (see

^ 
The results of u\ ing lhr\ merhod wi .  l ike rhe merhod ofryke ano Arm\lrong ( lgql).  be \en\ ' lve to lhe \ ize of the(lasq rntervat cho\en for lhe frequency disrr ibution. With

rncteasrng srze ot rhe clas\ interval.  lhe trequency disrr ihurion
wrr oecome Increasingly smooth and hence iri shape increasinelv
crear. t ,ut.  at lhe \ame rime. the locarion of rhe lnf lexi lon
pornts and lhc parametcrs (or each componenl di\ l r iburion
will become decreasingly precise.

Th i s  merhod  a l50  I nvohes .e leba l l i ng .and  l he re to re  hassrmllar proDtem\ In term\ oI a(curacv lo the pyke and
Armstrong ( |  qqj) merhod. The herFfirr ing sigmordai curve i \orawn Dy eye (hrough the cumulative frequency distnbution
i.  l i - l  io) ' lon .. t_t19.poinr of inf leyion derermined by vj\ual
Inspectron (Cassie 1954: crrt f i rhs 1968)

Th€ means and standard deviations for each component
group are lhen calculated numerically as explained in Fiarding(la4q),and Cassie. t t954). Howevei. lhis component ot the
melhod require\ thc funher as*umprion rh r.  ; l  least in lhe
l] : : l ] l l - . ]  

tT poinr u[ inf lexion. rhe cumurarrve frequency
orstrrDutron ts hyperbol ic rn shape (Harding lq4al Ca\si i  Iq54;
Griffiths 1968).

These means and standard deviations can then be used to
derive,.with a predetermined level of accumcy, cntcna fbr
estimating.the groups to which individual birds belong. If, for
example. there were rwo groups {such as males and females).
lhen a threshold could be found such that an individual with
a measurement greater than the threshold has a specified
probability of being a member of one of the groups (Harding
1949; Cassie 1954; criffiths 1968).
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..^Il l) T:,n"9 
Iike rhJr ot pyke rnLl Arrnsrrons ttqqJJ. doe\noI IcJLI  lu c\ ( jmi l lc \  u l  lhc r r ror \  a\so( iJred \ r t lh lhc var iou\

palamclcr .  c \ l jmclc\  anJ h( t ic(  wi th any ect imat.  of  f lnrnLl iv iJual  c sex.  Unl !  wtrh andlyr ical  metnods ( tn ruch crrurv i l tues ne ohtarned {see helow).

. ,11:".r: l 
unlite rhc. merhud ot p)ke Jnd Armcrrong

I  re!r r .  lhr \  m(thoLJ.nrudLr(e\  r ( \u l rs lhdl  dre nol  at le(reLl  h;
c r l n c r , u n ( q u J l  n u m b c r \  L , f  r a c h  g r o r r p  o r  u n e q u r l  r r r i u n c r .
oI  eacn componcnt d ist r ibut ion.

-  In.ummJr) .  rh(  grJphh" l  . rpprotrch ba,ed un rhc eumutar ivc
l rcquen. '  . INtr ihUtron prr ! ides r  rea.on: ,b lv L i*y merhod lu
use and y ic lds unbiased cs( imatcs.  Howevcr.  the val id i ly  of  i ts
under ly ing assumpt ion bas oot  becn detcrmined, i t  m'ay noi
r rways bc accurate.  and i !  does nol  y ie ld esr imales oa any
assoclaleo error valuc\

Analytical nrcthods

.  
Analy l ical  methods for  d€r iv ing component f requency

dislributions 
. from frequency disr;iburio;s thar .epieseni

n1ixturcs of thcse componcnts havc been discusscd by many
authors (c.g.  Pearson 1915; Rao 19.18;Wessels 1964;Haiselbtad
1966. Bhattacharya 1967; Day 1969; Macdonald 1969i  Fryer
and Rober lson 1972;Tan and Chang 1972; Dick and Bowden
1973; I losmer 1973; James 1978: Macdonr ld and pi tcher
I979).  In addi t ion.  s imi lar  methods have been relat ively
rc((nt l )  . i ( ! ( luteJ h)  K RoB(rs r  Rugers ,  r  r / .  laxb:  Roger.
i rnLl  R(\ger.  Iau5r . rnd rrsed tor  \ , ,me Au\ l ra l ian brrJ\  ( ; . t .
Rogcrs cr  d/ .  1986r Barter  1989, 1990; Fry 1990).  Theie
methods are all considerabl! morc complex lhnn those discussed

Thcsc methods al l  assumc that  the observed f requency
distr ibut ion of  measurcmcnts for  thc sample of  animals con-
sidcred is a random samplc from thc lrequency distribution
for  lhe populat ion as a wholc (e.g.  Rogcrs et  d1.  1986; Rogers
lnd Rogers 1995).  They also assurne that  the populat ion
consists o l  a known number of  component groups,  that  thc
popula! ion f requency dist r ibut ion is  thc ^r i thmet ic sum of  the
distr ibut ions for  cach component group of  thc sample and
tha!  each of  these dist r ibut ions has a Norrnal  shape (Wessels
1964t Hasselblad 1966; Bha(acharya 1967; Day 1969; Dick
and Bowdcn 1973; Hosmcr 1973r James 1978; Macdonald and
Pitcher 1979).

This approacb involves the cst imai ion of  largc numbers of
var iables.  In general .  assuming thcrc are k componcnt groups,
there ar€ then 3k- l  parameters to be cst imated.  For each
component group i t  is  necessary to cst imate three paramctcrs,
namely thc mel ln.  standard dcviat ion and proport ion of  the
wholc sample.  Howevcr,  these proport ions must sum to l ,
and so the tota l  number of  parameters to be est imated is
rcduced from 3k by L For two componenr groups, as, for
cxample,  when consider ing di f fcrences between rhc scxcs,
there wi l l  !herefore be 5 var iables ro be est imatcd.  As other
pardmcters sucb as agc are added thc numbcr of  var iables (o
be est imated increases rapid ly-

Two general  analyt ical  methods have been used to est imate
thcsc parameters f rom a sample of  measurcments.  One is
based on compar ing the momcnts ( i .e.  mean, var iance,  th i rd

momcnt,  etc)  of  a possib lc mixturc of  d ist r ibut ions wi th thcoolerveo momrnr.  lor  the \ampl( .  A search i5 madc lor  lhcparametcr5 ot  r t tc  pus\ ih le mixcd Ll i \ t r ihut iun rh i  re\u l l  ln  the
c q u r \ r l e n L J n o m ( n t s  b e i n g - i J e n l i c a l  { p r J r . o n  I r ) 1 5 .  R a o  I r ) 4 X ;
r lycr  rnd Roherr$n Iq72:  Tan and Ch.,nts Iq72) thc , , lhcr
r . .ha\cd,on rhc probdbi l i ly  tor  . l ikct iho, ,J: )  

or  obrain ing lhc
o D s c r r e J . a m p l e  a l r c r  a  r a n d o m  \ a m p l c  o l  a  p o p u l r t i o n  t { i t h
parocular  paramete$.  In th is case.  a search is  made for  the
paranreter  values which maximize th is l ikel ihood.

Othcr pos. ib le-  rnerhods lhrr  ma) be alp l r ( ( l  to lhrs problem

::c l ,uJ:  
rhgs:  ,J [  ' lc- i ] - \ r  \qutrrc\ '  : rnJ minimum Chr ' \quxrc.

r \nkal  dnd R,,h l f  I t8t r .  The ten\r  <r1uar, . .s  merh.rJ invotre.
n | l o t n g  t h c  p a r i m e t e r  v a l u e s  l h r l  m i n i n ) i , ? c  r h c  \ u m  o l  l h c
squared differcnces bctween the observed frequcncy disrribu_
tron and that  expectcd for  cach sct  of  paramerer valucs.  The
minimum Chi squnre method is also b;sed on the diffcrences
betwecn the expected sample f rcquency dist r ibur ion.  g ivcn a
p . r r t i f u l e r  ( h , , r c c  o l  r h e  p r r d m c r c r \ .  a n r l  t h e , , h r c r r r L l i a r n p l e
l r e q u c n ( I  d i . r r i h u r i o n .  I n  r h i \  L a s . : i  r e r r c h  i s  m a r l c  l r r  i h e
paramctcr  values that  rcsul l  iD thc minimum value for  a Chi ,
square stalistic (scc Day 1969; Sokal and Rohlf l98 t) calcutarcd
from the two disrr ibut ions.

Al1er some calculat ion,  thcse analy l ical  mcthods lend k)
c s t i m a l e \  o f  l h e  e r r o r \ . r . s u c i a r c d  u r r h  r h e  \ r I | o u .  p . r r d n r c r e r \
and hence to conlidence intcrvals for these paramcrcrs (e_g.
Hasselblad 1966; Day 1969; Dick i tnd Bowdcn 1973; Hosm;r
1973).

For all thc above methods, the search for appropriate
paraneter values wi l l  be a di f t icul t  and t ime-consuming
mathemat ical  exerc isc.  This exerc ise is  made s inpler ,  how,
cver, by two alternative assumptions conccming the magnitudes
of  the standard deviat ions for  the componcnt d ist r ibut ions.
On thc one hand. i t  may be reasonable to assume that  these
standard dcviat ions are al l  cqual  (Macdonald and Pi tcher
1979).  On thc other hand, s ince standard devint ions of tcn
increase wi lh the s ize of  the mean, i t  may be reasonablc to
assumc thal the standard deviations are proportional to Ihe
mcans.  or ,  in othcr  words.  that  the coef f ic ients of  var iat ion
tre equal .  In both cases,  the number of  parametcrs to be
estimatcd is reduced from 3k 1 10 2k.

To furthcr case the problem, hiSh-speed compulcrs have
been programmed to carry out the scarch process (Macdonald
1969; Brassard and Correia 1977: Clark 1977; Macdonald and
Pitcher 1979).

There is apparently no easy way to estimate the number of
component groups in the population (Macdonald and Pitcher
1979). In some cases th€ number of component groups can be
est imated i f  the component groups in a re lat ively smal l  sub-
group can be identificd (Macdonald and Pitchcr 1979). In
othcr cases the only guide may bc the number of peaks in the
overall frequency distribution.

It is not appropriatc. in the present paper. to rcview the
stat is t ical  l i tcrature on the est imat ion ofcomponents of  mixed
distr ibut ion.  I t  seems clcar,  however,  that  any mathcmat ical
and computcr-based approach to estimating the population
paramctcr values must be based on correcl mathematical
formulae and an accurate and efficient compuler algorithm
for locating the appropriate parameter values. Achicving this
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] : : : , . I i , , : i . *  
' "  i r .crr  re. f .  MacLi , ,natd and p,rchcr tuTvr Thc\ r i l l l \ t r c , i t  l j t e r r t u r e  i n  t h r r  a r e r  h a s  I  r o n r  n r r t o r y  a n r l  r r  n o uq u  e  e x r ( n . r \ c  l ( . . g .  p r a r v , n  l o l 5 :  R a o  t o 4 x :  i . . r . f ,  f , j ^ C ,Hr\s. lbhd. lqhir  Da) Ioh, , :  I  r \er  and Roben.un lq72;  Trni r n u (  h a l l g , l a 7 2 : . D i r k , r n L J  B o \ r d e n  t q " . . l :  H u . m e r  f  o r : ; 1 , , n r " .

re lx:  M,rcdo r l t l  rnd pi tchcr lyTa).

.  
I n  , u n r m a n . . r h + 1 ,  \ r r i o u ,  r n 3 1 1 1 ; . r 1 . * . , n u d s  e r e  n o r  e a r lI t , ,u.c.  rnd.  drc.br \ed on i l r rumptr ; ,n.  lhal  hJVc nur ]er  bec;v l r ldJrcd tor  lhe \cr ing of  br ids.  Hp'.ramerer esrimar€s trri, ri" 

-"""rri"."'a*il"o';llit"ol."ll".i

: l ::1.J1'-:,1 :,,:, ,Ih". J,e rroh bt) n,t,re Jccurrr( rhan rhe
SrrphrLJl  merhods bur rhr .  hes not  i .een, lcm.nstraL(. j .

ueneral comments on a[ternative methol]s

.....:1!.1f" ::*"9 and rhird o{ the above mclhods make rhcrhdl  lhc conrpunenr J i \ t r ibul ion\  ! re Crr* i " "" ,

l":rT-d.r,] l 
' l jT Suirri\ inst\. ho\^cver. rhi. as.umptron w.r.

;;';'J::".g"#t"Jl,i:,::Ul:,*"".','"','J:1,',1,ili'*5i
, /  d/.  Iq86) . ,nd rh(rc arc. in ta. 'r .  appar(nrl !  ; .  p;; l  ."h.. ;

f:i:,:i ll,;,i::,'o''"n 
fL,r morphorosicar .",.u,irn.n,. o1

,^.1li lbT methods would benenr from informarion regard_

#fu 1'"1 _.riIliJ:i,jJ:; i:;T#";il s:::; ::,i::
I I . . . i . ,n"q 

berng u.ed te.g. pyke and Arm.rrong tqq3).;r i r
i;:1"'j:"""i',i:'fi;";llT;l * '* manv con'|ponent sroup\

'fhc 
usefulness of all threc methods should incrcasc withrncreascs in the s ize of  the sample consioereo.

RESPONSE TO COMMENTS BY
ROGERS AND ROGERS (r99st

, , , {1 . :h , i t  i rsuc.o l  .Core l la ,  Rogers and Rogers
lJ"" : )  f , ru .  publ ishcd I  cr i t ica i  ( .ommenrary onl , lerear t rer  paper  hy pyke rnd ,+rrnst rong l  tdo: i .A rew commenr\  in  reply  seem appropr ia te.

, Most im_porlanlly. Rogcrs and Rogers g95t
oescnbe whar they see as.ser ious pro6lcms.wi th
oul lqproach in rerms of irs potentiai for inaccuricv
ano.Dr-as.  we agree.  as d iscussed above,  that  lh i
:.l l l9 lit 

shortcomings in rhese areas. Houevsl,
as rs  a lso Indtcated above.  no method is  wi thour
l ls  a. t tendanl  problems and each worker  wi l l  har  e
19 f1".,te the merhod rhar is mosr appropriate ronrs/her  needs.  In  rhe above d iscuis ion l  hare
attempted to describe the nature of this choice.

.  Rogers and Rogers { lqq5)  argue that  our
procedure does not produce results which can bc

used by o lher  workers '  and imply that  other
melhods,do.  However.  whatever  method is  used,
lne.  resul ls .are Just  as l ike ly  to  be locat ion or
regron specthc and use of  them hy o lher  workers

yvrlt OenelO on the question berng asked. If i t isgeographtc  var ia t ion  in  some,  morpho log ica l
m"casuremcnt  lha t  i s  o l  in te res l .  rhen the  meihodol Pyke and Armsrrong t  too.rr  L unf i fe iy io-yic i iusefu l  resul ts .  But  the i  i t  $as not  rn lended lo  dornrs (Pykc and Armstrong laa3. ; .

. ,  
RgEers. rnd Rogcrs (19q5)  are a ls , )  cr i t ica l  o [rne,  tact  lhat  raw d l la  r re not  pror idcd in  pyke

and Armstrong (1993). However, this criticismseems unwarranted given that the publication oiraw data is  the cxc ipt ion rather  than the ru le.
: lKe many or  most  other  authors.  we w(,u ld herappy to.provide our raw data to anyone whorequests the m.

-_To^g"r .  and Rogers { lqg5)  suggest  rhat  .pyke
and Armslrong l ]qg l t  eould havc resred i f  the i r
ll:t9gram of yellow_faced Honeyeater head_billtenglhs.  concealed s l ight  s ize Oim"rnhi r rn t ,companng i t  against  a normal  d is i r ibur i< ln- ' .
:o,yeve^r. eren- il the frequency distribulion for
,'^.]il l: ]1.:u Honeyearers revealed a signifi canroeparrure t rom normal i ty .  th i \  could be d-ue to anunder lyrng non-Normal  d is l r ibut ion,  iust  as easi lvas to the-distribution being a composii;;i;;i;,.
more) Normal distributidns. I suspect, furthir_more.  rhat  thc s lat is t icr l  powcr of  lhe proDo\ed
tes l  .woutd.  lor  an ohserved d is t r ibut i (Jn wi th asrngre pcak.  be very lou.  Fur ther  considerat ion
necos to he grven lo  such unimodal  d is t r ibut iuns
Derore lre usefulness o[ any approach based on acomposr le o l  d is t r ibu l ion\  u i l l  he apparent .

,  Rogers and Rogers 1 lqq5)  atso starc thr tArmslrong and pyke ( lq93j  wcre in  cr ror  wi thre\pcct  lo  s tatcments we made concern ing thcmethods used in Rugers er ul. lfoSo; ,nf iiregeographtc tocation of the study carried out by
[9ng1eve and,reporred in Rogers er at. ( t986j.
we - regret  the la l ter  mistake but  are not  pui l lv  ofthe former. We referred to Day (lqog) r;;;;?.;_
ence whlch rhows hou a .comhined d isr r ihut ion is
separated into two normal distributions, and
indicated that the methods of Rogers er a/. (19g6)
involve the calculations of thresh-olds from'thesJ
noJmal . .d is t r ibu l ions (see pyke and Armstrong
revJt .  we were unable ro descr ihe rhc merhodi
ol Rogers et al. l1986l because their paper O"c,
not lndtcate what thev are.

Rogers and Rogers ( lq95) also indicare that rhev
have developed 'a suire of user-friendlr comoutei
programs t ( )  deal  w th the separat ion of  two
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n)mnoncDt\  o f  a  nr ixed l requcncy d i \ t r ibut ion.
, r  ney do nol . .h , )wevcr .  ind ica(c lhc malhemrt icr l
n i ls ts  tor  lhc l r  methods nor  how lhcse methuds
work (Rogers and Rogers 1995). These methodi
: r lc  lo l  . ly l jh i rmorc.  dcscr ibed in  cr r l ier  papers
1_Bur,r.\..1. ]l),r:. 1q86. t,rxq. t9eQ; ftogq15s1a/. 1bg6.
F r y  l t I n J ) .  H e n c e  i l  i \  I o l  \ e t  p o \ \ i b l e  t o  c y , , 1 u r , .
tnem.

CONCLUSION
' fhcre 

is  a rangc of  possib le nethods for  scxing bi rds using
[lorphonlctnc measurcnrcnts (or for scparating any population
sl l ] )p le ln lo r t \  componeDts)  and each melhod has i ts  own
sui tc of  l roblcnls.  Hencc each user wi l l  have to choose a
mcrhod thar is  appropr iate for  h is/her nceds.

C)nlv tho mcrhf t i  of  Pyke and Armsrrong (1993) bas been
cvr lualcd in ternls of  accuracy.  For New H; l land and Whi ic-
cheekcd Honcyerters in hcathland ncrr  Sydnc) the achieved
accuracv was vcry good (Pyke and Armslrong 1993).  How
cvcr.  for  thc rensons explaincd abovc.  such high accuracy can-
not  ncL'cs\ar i l !  be expccled lo occur in gcneral .  The analyt ical
n lethol ts would probably be the most aciurate but  th is has not
!et  bccn denronslrated.

Thc analyt ic i i l  methods would secm lo of fer  much porent ia l .
W i r h  l h c  J ( \ e l . ' n m c l l r  , r t  . u r l r h l c  r  J . r p p r o p r r r t c  c o m J r u r e r
sol lware.  thcy may become reasonnbly easv to use.  Thcy may
itlso. as statcd abovc. Foduce accuralc and unbiascd paramerer
cstrmates wi th known crror  valucs.  However.  i t  is  Dot yct
c lenr how useful  lhe avai lable sof t*are is ,  nor how accura(e
these nlc lhods arc.

Unlil the analytical methods arc fully developed. t rccommend
thal  lhe graphic.r l  approach bascd on rhe cumulat ive
l rcquenc! '  d ist r ibut ion bc uscd in general  for  scxing bi rd:
bascd on morphomctr ic  measurements.  I  a lso recommend thal
the method of  Pyke and Armstrong (1993) be used in cascs
whcrc i ts  assumpt ions are sat isncd and where a vcry easy
Drcthod is  dcsircd.
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BOOK REVIEWS

Some T-ime uith Eaglcs and Falcons
r .n \  |  ) t \ . r -  I 0 , , 1  |  Ann t r . , l  |  . o , . , e )  Re . . : , r ( h  C rnu t , ,U - r r . r \ ( r \ l l \  , ' l  a j r I b ( t r : r '  r  Jn l \ ( n . r l  : t :  .  , .  6 r .  u , , ,  . , , i . ji \ i '  n l t  .  t : " , 1 r \  , '  neu rc . .  , h  i , , Juu r  p l a r , . .  X1o ,15

,.. .} ;n"i  
t  t t . : ,  rcird rhc t ir lc and vicwed rhe covcr of rhis

l ] ' ' ' l i .  
' r r f n ' o r i ( .  , ' l  n r r  . ' , , r n  ( \ f ' ( r i r nce .  \ r I h  r r p l o r .  . r n r (

] : : l : ' : l  i i  l f : :  .  ' l ' ,  . : 'prrrrr  : r  r rrrulr , i  . . " ' , , . ' . , " i  pr" l . i i
I c L l  p . r r r | t f  (  ! c .  \ t t I  j  g  I n I u  n  n ( .  \ l c n U (  |i , , , r \  ( , r " ( n ' n l  l n c  5 r c , . / c  t h c  s , , . r r i n L . h i e h .  T h c s c  r n r r g rcrme,alrvc.as mv mind recal led the th; i l ls_of  t l . r "  .n" , runi" .

| i : : , . ' l : . . : .h ' l , i : ' " , "  o r  rh (  rc tcJ \c , , r rh  r r . . . t , .m, .g , , r rcd
n, '$ ln\  \1 (  ' l  |  $ r \  l ,  r  c l l [ . r  r  j r (  ! \ , , r ld , , t  rhe r . rpror ,  f -or  .L,ch
i l  sn(}r t  t rn lc.  Bul  mv enc()unters pale into ins ignincance coni-parcd to rhose of  Jerry Otsen.

,  
J c r n  h i , -  r c . u r t ' p l r \ h r J  $ l , , r r  I n , , . r )  t r ( t L l  f c \ ( d r r h e t .  h r ! c: , r \ r  r \ ( . \ . , r , r  l r ( !  q , , . r t , t  t i t (  r , ,  J o . o m ,  d . r r  h u r  i u . r  n r . \ ( j  g ( taround ro i r  pubt ish rheir  cxpcr iencesl  t te hai  bcen at tJto*,ervc vrnc good yarrrs ! r i th snippets of  rescarch c lat i l  wi thout

conlpr()mrs 'n8 cr lhcr  Thc rcader fo l lo$.s as Jerry.s intercsl  inr - r p r ' r ^  ! r . $ .  t r , ' r n  h .  , n c , , u r l ( r .  r n  r h c  U n r i c c l  S r , , r c .  . , 1
: l l l i ' : . ,  

, . , , .  r u i | , r r , . \ \ i  i m  r s  I n  r h (  i .  r r  r ( 8 r , , n \ , , r  5 , , L r r l r
A U s I r J t r : ,  . , n . 1  (  . , n t ) c r r . , .  c n \ r f , , n . .  r ) n  m r  j n i I | . , t  r . J J r j r !  I
t . . n , i . r ! . l , r h .  ' . l c ! . , n L r  u t  l r r .  r . r r h e r  n r r r . i J  " , . i  . ; , ; ; ;  : . . ;
r r r  I n u  s r t , t \ . , t . (  . , 1 : , d . . ' , , r ,  r r J t r / e d  L , t c r  r h r r  r r  p . n .  a n  r n k l r n g
u l  l l t ( _ .  \ r n t \  l h : , t  u , ,  t \ t  l : , t ( r  , h  r p c  \ r . . , u r 1 . . ^ k , , n  l h L  n . , l u r J lq l l | | ( r  .  r ( t  rn p. i r lcul .1r .  hrrd\  ut  nfc! .

. .  { .  J ,  r r \  l c . " l .  u . . , t , ' n r  $ .  r r (  I n r r o J , r . c , r  r , ,  h r .  I n ! n r t .  L c \
r 1 " l J .  . I r J  l h .  \ p , , j r  , , r  J r j j , , n r )  r n  r h (  U n l t e d  5 l i , r ( . , r ,
A m (  ( . r  H ,  J , , c \  n , , r  r r . r k .  \  r l L r ,  J u J S ( I r .  n r .  , , n  .  r \  n r u r J l
I \ \ u c \  \ ' , r L L r n r n p  l h (  . i . p r r . | | n c , r t  u r l u  i n J . v i L r r r . l . , , i  r . r l r n g
v n U r !  I t , . n r  l t t \ ' l i  ( \ l \  ' r ,  r f d t n .  \ \ h , i t c \ ( r  l l t (  r e , , J r r i
oprnron.  man! aspcds o[  the bi rds.  ecology were ab]e to be
c L f l I r n ( d  r l  . t , , \ c  q U i r n c t \  J n J . . n t L  i d J i l t o n .  m , , J c  l u  t l l c
\ n ' i q l ! , l t r  h J \ ,  B .  r J c . .  . , n  ^ . . . : , . r , . n .  r h c  i . r p t r r r _ J  " n , l
I ' . , i n t  J  n | L , \ ' \ r n , f l l  ( $  u f r  r ,  r . , k (  r r .  t l . r c (  I n  r h (  $ j t L i  t . . , \ r n S
, r  | ' c s r t ( t r r ( !  h J n J l ,  r  . r . , r i I !  i n l . , l h e  J r . r . ,  . e  H r , . r , t m r r r r , , , n
and scnsr l tv fy 1o lhe bi rds hc handled.  i f  not  d i rect ly  stated.
comcs shrning through.

- - W h e n  
h < " t . , , (  u J . n  t ( j r c h r . t , , t , ^ i l r . , n  I n  \ , , u l h  A u s n . r l r : ,  h r sr n r e r e  I  I n  t J t c o n \ .  f a r r j L u l j r d y  t l t , .  p c r c e r r n c .  t , , l l u r \ ( , ,  h r n ru y  r c \ r i ' r , ' h r n g  q U ( \ 1 , , n \  i , n  J r . r r r . u r . , , r r  . t , . r .  r n , , f , , , , f  , , i

i ' i l 1_ ' l  : , "1  n , . '  pJ r . r  r , ,n rn f  h r  un . , r , r i  r , , . r r .ns r t r ( . I  rh .r i , u n \ i . r l r u n  r r l  h . r . r .  k r r u u l r L l c r  n ( i c ! \ . r r \  r . . r  m , , r c  l , J r i . n . . r . J

; ; i l  _ " ] :  
I n r ( r i , r ,  I n  r h (  e t r c  ,  i , r  r r \ r , ,  r . i c .  . , p ( . ,  |  , , J !u I  l .  o n  I l t e  r L  p r o d u c t i r c  s r r c . . r . s  o t  t j r p l , , r .  1 , , . k  h  n  I n t oI n c , \ s r r t , t  , , t  r h c  , \ t n ! r \ t  ( c F g  \ o l l c ( t , , r t  T h r .  k n G \ ( . .  u r  . A g\ D c . l l  h ( l o r {  i j n J  , , l r < r  l l r (  j n t r o J u ( t r , n  , , t  I J D I  " c , . ,  , , r ; , , ; ; ;

to h ighl ighr any perceivcd thrcar w;rUn t t re U;. ls . rangcs.  i

I . i .  : l , , i  l l , : . i  
. \  hr .  r , rnr , . , f . , , r , , r  rhc Br" ik  . , , , l  r . . , , . , , | . , , , "

l _ i I c o n .  h u n r  r g  i r h r l : r i c . . r n J  r h .  r . . p ( . ' r i \ r  r , r r . !  \ p ! ! r ( .  I  s . r .
d r \ o  I n l f . p  c ( t  h )  t h c  ! J r j , , u \  . r r . r r c r : i . s  u \ J  l , !  n r .  !  \ f L ( r . ^

1. .^ "1 : : l l ' ,  
, , ,n , " "  

, rh i , r  rh r r (  rJ t . , ,n :  , r (  r r , , r rg r , r  i , ,  r i ' r : , . , , r , r
I n c  \ J | r . r l l < r  , ' r i \ \ ( J k r  |  $ .  .  . r  l r f l r n .  n t  .  r m r r ( n r  . , I  l h L  . 1 1  ' (
o r L r  g r \ L n . r n J  r .  L ' (  : , i r , l \  s , , j r h !  u t  t U r u r q  r . . . 1 . , r ( h .

^  
L r n , . . r u r h , , r i \ ' , t c \ l ' . | l c n c ( .  u \ j n g . . , t . , , n j \  u  h r . .  r  l | r  \ , ,  r t ,

/ \ L \ r r i r r r  I  \ \ L - r L  U r . l i l ( , i  I n  t , ) i I !  1 , ,  \ , i \ ( .  l h (  \ j  \ ' ( r  t , . . l l
r i i l i r ( l l  : "  

\ v , r  c !  \  . , , r p , , f l  R c . , , t r r .  r r r . r r  : u J f r  I , , r  r h c  , .\ c r v c \  t h t s  r n ( t t ^ \ i  , 1 , u l , l  l t j r \ 1 .  u ( (  | l  . { r . . c c . \ t L l .

, . 1 : l r : : l i r r r J r r n s , n r , r i ( , r  
r r J .  r \ . $ , r L r . r , !  " l

o r \ h . i , r r (  r n p  ( \ l \ . n c n , . ( .  t , , r , l r r  ( . , r , . , .  L l . l \ .  J  r S , , r .  r , r (

:1.111"'1, "1' . , ," ' ,  r .r , \  J(. . , i . \ \  , , , i , , , , .  , ." . , ," '" , . i ,  i , i
l r J .  r c  t h (  h r \ r . r r \  o f , t r . r . r l  r r . r u r c r i  t .  , i .  f l r  .  r .  m . , , 1 , .  . r l l
Inc more rntercsl ing bv his g iv ing rhen namcs as I  found I
could then pcrKrral ly  re latc lo Ihe l i fe h istory of  indiv idual
bi rds.  Jerry 's  involvcmcnt wi th lhcsc in iurcd bi rds tcd ro rn
: l l :1 " , ' : ' l l , t  

' , . .  , .L iu ' . " ( .  r r ' .  , : .  | l  |  , t  r  h t r !  . ,h . ,Ur  r . ,n r , , r .
I l r l ' t u c r r  l h t  h l m  m c ( t i  ,  H r .  ( h a , r L .  J r , , ! ( : , f J ] . . , r , . , u r .  / : . / a 4
h r / ,  r .  . ( v r r . r t .  L ( ) t r , t . t  B r u r h (  r \  l l n J l | .  t r , . n .  , . n ( r  i r  J L  r n .
coDnncrcia l .  Thcy also tcaturcd in scverat  nuvics inct ;d ing
Ground Zero (aboul  rho Br i i ish Duclcar rcs l ing ar  Maral ingr j
and Mad Ma.\ It1. Beyon.r thundentoni .,," ]r;rcmenrDer rhc scerc a l  rhc chi ldrcr 's  camp. l  To prescrvc thc
wi ld naturc of  thcse bi rds so rhat  lhev c ln hc rc le.rscd latcr
and to t ra ln them to pct ldrm fbr  the cancra to gct  lh t
cer tarn shoa lakcs a grerr  deal  o l  pat icnce and ski l l .  Jcrry te l ls
how he did rh is descr ib ing scveral  l ighrer  morncnrs bLrt  cnding
on a r l ther sad nokr


