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COMMENTARY: ESTilUATTNG SEXES OF HONEYEATERS
FROM HEAD-BILL MEASUREMENTS

In many specics of bird, the sexes look similar
but one sex is larger than the other. When a series
ot measurements is available from unsexed samoles
o[  such spec ies .  I  5 i tua t ion  lha l  o f ten  ar ises  f iom
banding studies, analysis of biometrics can be
used to estimate (attribute) the sex of individual
b i rds .  .Recenr ly .  Pyke and Arms l rong ( lgq3)
app l ied  a  nove l  merhod o f  ana lys is  in  se i ing  New
Holland and White-cheeked H-oneveaters 6n the
bas is  o f  head-b i l l  measurements .  In  th is  nore  we
draw attention to some serious problems with
the i r  approach.

EXISTING UNIVARIATE METHODS

The histogram of a single type of measurement
for a sexually size dimorphic species wil l often be
bimodal (double-humped) l ike that in Figure 1.
A variety of methods exist for analysing such
data-sets (e.g. Harding 1949; Cassie 1954;
Hasselblad 1966; Griff iths 1968: Dav 1969;
Macdonald and Pitcher 1979; ft6gs15 1995 and
unpubl.; Rogers et al. \986:' Batty 1993), all
of which could be applied to the problem of
estimating sexes of honeyeaters from head-bil l
mcasurements. In this issue of Corella, K. G.
Rogers presents a suite of user-friendly computer
programs to deal with these situations. The above
techniques assume that the measurement is
normally distributed for each sex; the 'double-

humped' histogram results from sampling from a
pair of distributions which can be represented by
notmal curves l ike those superimposed on Figure
l. This is a reasonable and generally accepted
assumption when applied to birds (e.g. O'Connor
1985; Fowler and Cohen n.d.; Borowski and
Borwein 1989) and supported by our experience
of analysing l inear measurements (Rogers et a/.
1986, 1990; Marchant and Higgins 1990, 1993).

When applied to sexually size dimorphic birds,
the above methods separate the component
Normal distributions and orovide estimates for
cach sex, of number of birds, mean, and standard
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deviation. The methods of criff i ths (1968) and
Rogers er al. (1986) are the only ones to-have
been widely applied to Australian birds (Rogers
1984; Rogers et al. 1986,1990; Barter 198j. 1986.
lq8q.  1990:  Fry  lqqo) :  Rogers  e r  a / .  ( to86)  d id
not_ use the methods of Day (1969), contra pyke
and Armstrong (1993). When comparisons have
been poss ib le .  parameters  es t imated  f rom these
methods for each sex of a species have been \ ery
srmr la r  to  parameters  ca lcu la ted  d i rec t l y  f rom
sexed birds in other studies (see above references).

Head Bill Length

Figrre L Exampk oI a histogran of head-bill meaturements for
adults of a sexually size dimorphic species. The two component
normal distibutions (bell-shapetl curves) arc also shon'n.

Rogers et rzl. (1986, 1990) also calculated sexing
criteria (rules by which individual birds can be
sexed) for sexually size-dimorphic species. An
estimate of the value at which 95 pcr cent of birds
will be from the larger sex was given, as was the
value at which 95 Der cent of birds will be from
the smaller sex (see Figure 2). Birds with measure-
ments greater than the higher 95 per cent l imit,
or smaller than the lower 95 per cent l imit, are
even more likely to be correctly sexed (conlra
Pyke and Armstrong 1993); the proportions of
birds correctly sexed, unsexed and mis-scxed by
these criteria were also Dresented.
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lcr rent oJ tht populetion is male antl 50 per cent is female.

PyLe and Armstrong 11993) c la imed thar  analv t ic
metnod\  lor  \eparar ing a b imodal  d is t r ibut ion in to
ly: 

nlrr.lut componenls rcquire a compulcr andapprupnate soljware. and that Ihey do not orovideesrrmates.ot  sex fur  a l l  ind i r iduals .  Nei iher  of
l l : : : - .1 '1 , . ' :T . t  is  vat id .  Severat  of  the techniques
:?l^11i.*T?lllS rhese.distribur ions are graph'ical
Inarorng^ lv4e:  (  ass ie lg54:  Gr i f f i r l is  lg6g;t (ogers,  lq /6) .and_can be done by hant l .  Themethods calcu late the sex rat io  and ihe mean and
:l.ulg,ord. deviarion uf the componenr normal
drstnbut lon\ .  These paramelers ian be uscd tocqvelop sexrng cr i ter ia .  the analyst  se lect ing theInrnrmum probabi l i ry  of  correct  sex ing:  Rogi rs  eral..(1986, 1990) followed statistical colvent]on in
usrng a mrnrmum probabi l i ty  of  95 per  cenr .  I r  is
possrbte lo  est imare the sex of  a l l  ind iv iduals  by
using 50 per cent as the minimum probabilitv oi
correcr sexin_g; the implications of iuch a ch6ice
are drscussed later

THE APPROACH OF
PYKE AND ARMSTRONG (1993)

. . One criticism of methods for separating
bimodal distributions into two normal ones hai
been that they .are difficult to use (pyke and
Armstrong 1993). To some extent this'is true,
simply because the problem is a difflcult one.
With pracrice. the graphical types of analysis lake
a coupte o l  hours to  per lorm and requi re only  an
understanding of  probabi l i ty  paper 'and noimal
drstnbutions. The numerical methods are senerallv
to.be preferred (they require fewer sribjectivi:
Judgements and allow the accuracy of estimates
to be determined) but are considerably more

:omplex . , In  con l rasr .  rhe  mcthod cmplo ied  by
:y I :  gd  Arm: l ronB invo l res  rwo re ry  

-s imp l i

slcps. I hc hr5t is to plot a histogram, manlrrulatinp
lnc  measurement  in te rva ls  so  th : r t  thc  doub l . , l
humped nature of the distribution is clear. The
second step iJ ro locate lhe lrough ber*cen rhe iwo
o l \ lnhu t lon \  { t . c .  the  h is togranr  in le rva l  hc fwcen
lne  pecks  whrch  hrs  min imum l requeney)  bv  v isua l
Inspec l ron  ( lha t  i s .  b )  eyebr l l ing j .  Th i  mr 'd r ro in r
or  rne  . t rough i5  con\ idered  to  he  the  sex in !
rn reshotd . .wr th  the  hrger  sex  (usua l l l  ma le) lv in i
lo  tne  r tgh l  , r l  th is  ra lue .  and the  smal le r ' sc i
rusua y  lemate)  Iy tng  to  the  Ic [1 .

,  Our  concerns  w i th  th is  p ro t .edure  r re  c l i scussed
be low: , lhcy  la l l  in to  th ree  ca tcgor ies .  F i rs t ,  no
5rngte  th resho ld  va lue  w i l l  a l low rc l iab le  sex inc  o f
a l l  h i rds .o f  a  spec ies  in  uh ich  males  ,nOi " r i f . i
ovenap In  s tzc .  second l ) .  the  proccdure  does  nor
procuce resu l ts  wh ich  can he  used by  r r ther
workers ,  F ina l l y .  fo r  a  var ic ty  ( ) f  reasons  we

lo_unl lnu, 
the procedure calculates rhe sexing

Inresno ld  accura te lv

Does a.sin^gle value ,rsed as a s"xi.rg tt reshold have
any value?

_- l l  To . ,  spec ies  o f  h i rd .  inc lud ing  near ly  a l l
passer rnes .  thc  sexes  over lap  to  some ex ten l  in
s rze .  For  these spec ies .  there  is  no  s ing le  c r i t i ca l
va tue  above wh ich  a  b i rd  i s  cena in ly  f rom one sex
and he low uh ich  i r  i s  cer ra in ly  f rom rhc  orhcr .
.,.1: -, f:?,t9.1 , approach _ lo a single .sexing
tnresno ld  ts  the  va luc  (o f .  fo r  examplc .  a  head_
nr j r ,  measurement )  a t  wh ich  50  per  cenr  o f  b i rds
w| | r  De t rom lhe  ta rger  sex  and 50  pcr  ccn t  w i l l  be
trom the smaller sex. Birds with a head_bil l
measurement larger than this threshold value are
morc l ikely to be from the larger scx, and those
wi th  a  shor te r  head-b i l l  measuremenl  a re  more
likely -to come from the smaller sex. However,
those birds with head-bil l measurements close to
the -threshold value cannot be sexed with great
confidence since the probabil ity that they" are
from one sex will be little dif-ferent from the
probability that they are from the orner.

As an example, we have used data published
on White-cheeked Honeyearers from beverley.
Western Australia lCongreve. in Rogers er ai.
1986). Ar this site (which is not in Victo"ria, conrla
Pyke.and A,rmstrong l99l). rhe 50 per cent sexing
threshold for head-bil l can be calculated ai
,14.09 mm, males averaging larger. Using the
parameters for head-bill measurements published

O sexca as Q

il  soxac as a)

(l sexcrt as CJ

as CJ
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Does the intermodal trough give the required
50 per cent threshold?

The intcr-modal trough locatcd by pyke and
Armstrong (1993) and used as a sexing thrcshold
is not always the same as the value at which a bird
is equally l ikely to be male or female. The position
of the intcr-modal trough is dctcrmined by a
con lb in i l l i on  o l  th in tss .  inc lud ing  r i ze  d i rnorph ism.
l h e  s e x  r a t i o  w i t h i n  t h c  s a m l l e .  l h c  v a r i r t i o n  i n
size about the average in each sex, and the
measurement intervals used to dcfine the
histogram.

The effect of unequal sex ratro.r. Scx ratios within
a sample of birds wil l not always be equal, no
mattcr how large the sample is. For example,
virtually all Grey Plovers migrating as far south
as Australia are thought to bc fcmales (Marchant
and H igg ins  1993;  A .  M.  Dunn,  pers .  comm.) ;  in
European Sparrowhawks differential mortality of
the sexes tips the sex ratio of adults strongly in
favour of females (Newton 1986). If a sample
contirins a large proportion of birds frcm the
largcr scx, thc plottcd position of the inter-modal
trough wil l be lower than it would be if the sex
ratios were equal. This is demonstrated in Figure 3;
each plot is from the same data-set (i.e. rclativc
sizcs of males and females are equal throughout)
yet the location of the intcrmodal trough varies
substantially with sex ratio.

The effect of unequaL standard deviations. Even
when the sex ratio is 50 per cent, the intcrmodal
trough wil l differ from the 50 per cent threshold
when the standard deviation (i.e. the scatter ol
measurcments around the average) differs in each
sex. This is a common situation bccause equal
standard deviations wil l only occur when thc
larger sex is relatively less variable in size than
thc smaller sex. In gencral, standard deviations
arc larger for the larger sex (see, for example,
measurements of independently scxcd birds in
Rogers et a/. 1986, Marchant and Higgins 1990,
1993). In such cases the true 50 per cent threshold
will bc lcss than the value at the intermodal
trough. If standard deviations are not estimated,
the inter-modal trough wil l provide an estimatc
of the 50 per ccnt threshold value which has a
bias of unknown sizc and direction.

The use of 'eyeballing' in drawing (onclusions.
V isur r l  inspec t ion  i r l  the  da t !  i .  : t  nece.sar ) .
though not a final, stcp in any serious analysis.
but it can bc misleading. Pyke and Armstrong

in Rogers et al. (1990) and a table of standard
normal probabil it ies (and assuming, for the
purposes of example. that sex ratios are equal) it
ls. eas), to work out the probabil it ies of mis_sexing
birds of given hcad-bilf lengths. For example, 1I
per ccnt of birds with a head bil l  measuremcnt of
4;1.6 mm will bc mis-scxed females, as wil l 29.9
per ccnt of those with a head-bil l of 44.,1 mm and
40.5 per cent of those with a head-bil l of 214.2 mm.
ln  e f fec l ,  there  is  a 'g rcy  zone 'a round the  sex ing
threshold in which sexing is unreliable. This
concept is i l lustratcd in Figure 2.

Wc think that in many studies (for example,
when looking for sex-spccil ic behaviours or sexual
diffcrences in the timing of moult) it is best to
concentrate on observations taken from those
indivit luals which can bc sexed with some
confidence. In the White-cheeked Honeyeater
example abovc. emphasis could be given to the
fi0.7 pcr cent of birds which are sexed correctly
to at least a 95 per ccnt level of probabil ity. The
clroicc of probatri l i ty level is one for the analyst
aftcr taking into consideration the aims of the
study. the 95 pcr ccnt level being a custom rather
than a rule. Higher or lowcr lcvcls of probabil ity
may be appropriate in some czrses, but it is always
ncccssary to find a suitable compromise between
very high probabil itv l imits (which leave too many
birds unsexed) and very low limits (which sex too
many individuals incorrectly).

Non-usability of results

Two fairl l '  obvious principles are well worth
remembering whcn analysing or publishing
mcilsurcncnts. The fundamental reason for
measuring a bird is to find out how large it is, and
'the l irst task of biostatistics is to provide some
form of summary description of the data'
(O'Connor 1985). Surprisingly. Pyke and
Armstrong (1993) have done neither; the output
of their method docs not describe the sizc of
either sex. Furthcr. thcir sexing thresholds cannot
be uscd in othcr studies and their histograms are
not given to a scalc that allows readers to extract
tlre information that thcy hold. These are serious
problems. Measurcmcnts are genuinely useful
and well worth publishing, but there is l i tt lc point
in doing so unless data-scts are described in
sufficient detail for them to be usecl by others. In
the discussion we suggcsl ways in which this can
be donc .
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looked \imiiar. This is hardll suiprisingg l \en  l ,ha l  they  uscd h is togram in te rva ls  wh ic iwcrc' larger than age_relatcd sizc_d if le re nccs
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reporrcd,hy Rogen er a/. ( lq8o. teqO).
:ycn  wncn age- re la ted  d i f fe rer r tes  ln  s tze  arcsr rgh t .  they  can a f fec t  sex ing  ana lyscs  o [  da ta_sc ts
rn  \ ^n lch  age-c lasse \  a re  combined;  ma les  and
remale5  -wt l l  appear  more  var iab le  in  s ize  than
lney  rea t ly  a re  and fewer  h i rds  w i l l  be  sexed in
consequence.

Eyeba.ll ing can be insufficient to judge whether
or  no t  l l  h is logram demonst ra tes  s ize  d i "morph ism.
l -o r_ .  example .  Pyke and Arms l rong (  lqq3 l
publrshed a histogram o[ the head_bi l l  heasure_
menls o l  Yel lo$- faccd Honelcaters.  l t  Joes not
\now tne cterr  peaks and l rough associated wi th
a double-humped d isr r ibut ion and pyke and
Armstrong concluded that,the distribuiion was
unimodal  .  We suspecr  t  h is  h is togram is  consis tenr
wl lh  a sample l rom a species in  which rhc sexes
di l ler  s l ighr ly  in  s ize (see Rogers er  aI .  lggb) .  In
\uch clreumslance! the resultant histogram can be
single-humped, even when there is"a real size
difference between males and females (see Fisure
4). The characteristic bimodal histogrim is 6nly
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Fig_lre 4. Dktributions ol head-bitl measurements for adull
Yellow-fired Honeyeaters; males antl females separately antl
combined. The combhed distibution is singte-humped.
Based on data published in Rogers ct at. (1986j:
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and measurement precision on the performance
oI sexlng clltena.

DISCUSSION

. In most species of bird, tbe sexes overlap in
sze and measurements will not allow reliable sexins
o [  ever ]  ind iv idua l .  Th is  docs  no l  mean lh r ' i
attempts to use biometrics in sexing birds wil l be
f ru i t less :  a  sound ly  based approach lha l  w i l l
permit a large proportion of birds to be sexed is
certainly bctter than leaving all birds in a study
population unsexed. In addition, the analvses
invo lved are  he lp tu l  in  deser ib ing  samples .

. A normally distributed sample is described by
its size (i.e. number of birds). mean and standard
deviation. For species in which the sexes differ in
size, these parameters ought to be presented
separately for males and females. In such cases,
combining measurements of both sexes is
unsatisfactory because the value of the mean wil l
depend on the sex ratio within the sample. For
s imi la r  reasons ,  mcasuremenrs  fo r  d i f te ien t  age
c lasses  shou ld  on ly  be  comhined when i r  i s  c lear
lha t  lhe  ages  do  no t  d i [ [e r  in  s ize .

Mean, standard deviation and sex ratio cannot
be calculated accurately for each sex if a single
threshold value is used as the basis of sexins. This
melhod would make the average mcasure-ments
for each sex appear more divergent than they
really are, except in those few species in which
the sexes do not overlap in size. The parameters
can be estimated with considerable accuracy by
the analytic methods cited above. When authors
are unable to perform such an analysis we think
they would be justif ied in publishing their raw
data in a form which allows other readers to use
it. Tabular histograms with small intervals are a
convenient way of doing this. For further
information and an example, see Rogers (1995).

Pyke and Armstrong (1993) state in their
discussion that their method is suitable for resion-
spec i f i c  s tud ies .  Th is  commentary  has  shown t  ha t
their method is subjective, is subject to biases of
uncertain size and direction, and produces no
objective measures of performance. With these
limitations, their method can only give a general
indication of size dimorphism in a population, and
then only if the size differences between the sexes
are substantial enough for a histogram of their
measurements to show an intermodal troush.

therefore potential fbr the observed intermodal
trough to differ from the ,true, onc, especially
when the  dara-sers  ana lysed arc  smal le r  lhan
lhose i t \u i lah le  to  Pyke and Armst rong.

Choice of histogram intervels. Last but not least,
the position of the inter-modal troush is affected
hy the histogram intcrvals selecled. I arge intervals
ma1 de l ine  lhc  r rough bu t  the . rh resh ; ld 'w i l l  l i e
rn  a  re la t i ve ly  la rge  range.  Smal l  in te rva ls  a re
sub j (c l  to ,  la rge  sampl ing  er ro r .  so  rhe  p lo t ted
pus i l jon  o f  lhc  in le rmoda l  t rough ma)  be  unc lear
or inaccurate. The deflnit ion oI a histosram is at
the  cho ice  o f  the  ana lys l .  D i f fe ren t  cho ices  o f
startrng point and interval size can dramaticallv
a l te r  the  appearance o f  a  h is rogram.  par r i cu la r l i
wr lh  smal le r  s rmples  (e .9 .  S i l verman l9g6) .
D i f fc renr  ana lysrs  work ing ; i th  rhe  same data  sers
could make different choices and lind different
intermodal troughs.

VALIDATION OF SEXING CRITERIA

Pyke and Armstrong (1993) tested sexing
thrcshold values by lookins at mcasuremenrs or
77 Ncw Holland and 47 White-cheeked Honey-
eaters which had been sexed on the hasis oI brood
patch or behaviour. They concluded that 8 per
cent of New Holland and 11 per cent of White-
cheeked Honeyeaters from these samples were
sexed incorrectly by using head-bil l thresholds.
However it is not possible to say that these figures
apply to the study population in general, for
sampling error may well have affected thcir
results. Very large samples of sexed birds are
necdcd to ensure that the representation of very
small males and very large females caught (i.e.
thc birds most l ikely to be mis-sexed) in the
sample is similar to that occurring in the cntire
study population. In general it is more accurate
to use means and standard deviations (which are
calculated from the entire data set) to Dredict the
nature  o I  s ize  over lap  he tween males  a ;d  female5 .

There are also practical disadvantages to the
validation method used by Pyke and Armstrong.
In many circumstances bird-banders wil l have few
or no oDoortunities to sex individual birds
directly, paiticularly if they are working from old
data-sets. Provided that they know which sex is
larger, analysts using procedures which unscramble
mixed normal distributions do not need samnles
of  independent ly  sexed h i rds .  The su i te -  o f
programs presented by Rogers (1995) also allow
the analyst to examine the effects of sample size
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scope r r f  . rh is  commenlary bur  we

il'i;:,:"5F:::,'*:'i il:"r$:f::;:^'* diicriminanr
i' unreliah.re. anj ;;"i;ri ;;il; ",",lti;lr;11
lormuir (  thar  dcal  wi rh s i luat ions when s l i tndarduevlauons are not  equal  in  each scx.

,^ 
t,tj:: n:., heen our inrention in this commenrary

Io lTpry lha l  sex ing Lr i rds by measurements is  a
L:?]:T llr, cun only he addressed by sophisticated
\ la l rs t rca l  lcchniques.  nor  do we want  Io  suppest
l l , l ,  l l  : i , . . , 'n( )  room [or  new anatys is  rechni { ies.
. *9 S9u9t .  however .  rhat  shorr_curs wi l l  o iove
help lu l .  tor  any ncw merhtrd of  rnalys is  s i rould
rutnt .  the lo l lowing two condi l ions:  i t  shouldprovrde_unbiased est imares of  the s ize of  each scx
and it should find the limits of the ,grey zone,in
which measuremenrs do not  prov ide a re l iah lc
Sexrng gurde.
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