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In many species of bird, the sexes look similar 
but one sex is larger than the other. When a series 
of measurements is available from unsexed samples 
of such species, a situation that often arises from 
banding studies, analysis of biometrics can be 
used to estimate (attribute) the sex of individual 
birds. Recently, Pyke and Armstrong (1993) 
applied a novel method of analysis in sexing New 
Holland and White-cheeked Honeyeaters on the 
basis of head-bill measurements. In this note we 
draw attention to some serious problems with 
their approach. 

EXISTING UNIV ARIA TE METHODS 

The histogram of a single type of measurement 
for a sexually size dimorphic species will often be 
bimodal ( double-humped) like that in Figure l .  
A variety of methods exist for analysing such 
data-sets ( e.g. Harding 1949; Cassie 1954; 
Hasselblad 1966; Griffiths 1968; Day 1969; 
Macdonald and Pitcher 1979; Rogers 1995 and 
unpubl.; Rogers et al. 1986; Batty 1993), all 
of which could be applied to the problem of 
estimating sexes of honeyeaters from head-bill 
measurements. 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 
normal curves like 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 linear measurements (Rogers et al. 
1986, 1990; Marchant and Higgins 1990, 1993).

When applied to sexually size dimorphic birds, 
the above methods separate the component 
Normal distributions and provide estimates for 
each sex, of number of birds, mean, and standard 
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deviation. The methods of Griffiths (1968) and 
Rogers et al. (1986) are the only ones to have 
been widely applied to Australian birds (Rogers 
1984; Rogers et al. 1986, 1990; Barter 1985, 1986, 
1989, 1990; Fry 1990); Rogers et al. ( I 986) did 
not use the methods of Day (1969), contra Pyke 
and Armstrong (1993). When comparisons have 
been possible, parameters estimated from these 
methods for each sex of a species have been very 
similar to parameters calculated directly from 
sexed birds in other studies (see above references). 

00 
E 
ai 
0 

ai 
.0 
E 

-ji_ 

Head-Bill Length 

Figure I. Example of a histogram of head-bill mearnremems for 
adults of a sexually size dimorphic species. The two component 
normal distribwions (be/I-shaped curves) are also shown. 

Rogers et al. (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 per cent of birds 
will be from the larger sex was given, as was the 
value at which 95 per cent of birds will be from 
the smaller sex (see Figure 2). Birds with measure­
ments greater than the higher 95 per cent limit, 
or smaller than the lower 95 per cent limit, are 
even more likely to be correctly sexed (contra
Pyke and Armstrong 1993); the proportions of 
birds correctly sexed, unsexed and mis-sexed by 
these criteria were also presented. 
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Figure 2. Example of Normal male and female head-bill 
disrri/J111iuns in a sexually size-dimorphic .l'pecies in which 
moles are larger. Birds in the grey zone are treated as 
1111sex('d. A. Value or which 95 per cenr of birds ore female 
(lower 95% limir). fl. Value or which 95 per cent of rite 
pop11latio11 is mole (higher 95% limit). C. Value at which 50 
pa cent of rite popularion is male and 50 per cent is female. 

Pyke and Armstrong ( I 993) claimed that analytic 
methods for separating a bimodal distribution into 
two normal components require a computer and 
appropriate software. and that they do not provide 
estimates of sex for all individuals. Neither of 
these criticisms is valid. Several of the techniques 
for unscrambling these distributions are graphical 
(Harding l949; Cassie 1954; Griffiths 1968; 
Rogers 1976) and can be done by hand. The 
methods calculate the sex ratio and the mean and 
standard deviation of the component normal 
distributions. These parameters can be used to 
develop sexing criteria, the analyst selecting the 
minimum probability of correct sexing; Rogers et 
al. ( 1986, 1990) followed statistical convention in 
using a minimum probability of 95 per cent. It is 
possible to estimate the sex of all individuals by 
using 50 per cent as the minimum probability of 
correct sexing; the implications of such a choice 
arc discussed later. 

THE APPROACH OF 
PYKE AND ARMSTRONG (1993) 

One criticism of methods for separating 
bimodal distributions into two normal ones has 
been that they are difficult to use (Pyke and 
Armstrong 1993). To some extent this is true, 
simply because the problem is a difficult one. 
With practice, the graphical types of analysis take 
a couple of hours to perform and require only an 
understanding of probability paper and normal 
distributions. The numerical methods are generally 
to be preferred (they require fewer subjective 
judgements and allow the accuracy of estimates 
to be determined) but are considerably more 

complex. In contrast, the method employed by 
Pyke and Armstrong involves two very simple 
steps. The first is to plot a histogram. manipulating 
the measurement intervals so that the double­
humped nature of the distribution is clear. The 
second step is to locate the trough between the two 
distributions (i .c. the histogram interval between 
the peaks which has minimum frequency) by visual 
inspection (that is, by eyeballing). The midpoint 
of the trough is considered to be the sexing 
threshold, with the larger sex (usually male) lying 
to the right of this value, and the smaller sex 
(usually female) lying to the left. 

Our concerns with this procedure are discussed 
below; they fall into three categories. First, no 
single threshold value will allow reliable sexing of 
all birds of a species in which males and females 
overlap in size. Secondly, the procedure does not 
produce results which can be used by other 
workers. Finally, for a variety of reasons we 
doubt that the procedure calculates the sexing 
threshold accurately. 

Does a single value used as a sexing threshold have 
any value? 

In most species of bird, including nearly all 
passerines, the sexes overlap to some extent in 
size. For these species, there is no single critical 
value above which a bird is certainly from one sex 
and below which it is certainly from the other. 
The nearest approach to a single 'sexing 
threshold' is the value (of, for example, a head­
bill measurement) at which 50 per cent of birds 
will be from the larger sex and 50 per cent will be 
from the smaller sex. Birds with a head-bill 
measurement larger than this threshold value are 
more likely to be from the larger sex, and those 
with a shorter head-bill measurement are more 
likely to come from the smaller sex. However, 
those birds with head-bill measurements close to 
the threshold value cannot be sexed with great 
confidence since the probability that they arc 
from one sex will be little different from the 
probability that they are from the other. 

As an example, we have used data published 
on White-cheeked Honeyeaters from Beverley, 
Western Australia (Congreve, in Rogers et al. 
1986). At this site (which is not in Victoria, contra

Pyke and Armstrong 1993), the 50 per cent sexing 
threshold for head-bill can be calculated as 
44.09 mm, males averaging larger. Using the 
parameters for head-bill measurements published 
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in Rogers et al. ( 1990) and a table of standard 
normal probabilities (and assuming. for the 
PUf?oscs of c_xample. that sex _r�tios arc equal) it
is _ ca:y to work out th� probab1lrt1es of mis-sexing 
birds of g1ve�1 hea�-brll lengths. For example, 14 
per cent of birds with a head bill measurement of 
44.6 mm wrll be mis-sexed females, as will 29.9 
per cent of those with a head-bill of 44.4 mm and 
40.5 per cent of those with a head-bill of 44.2 mm. 
In effect. there is _ a ·grey _zon�' around the sexing
threshol� _111 which sexing 1s unreliable. This 
concept 1s illustrated in Figure 2. 

We thin_k that in many studies (for example. 
w_hcn looking for sex-specific behaviours or sexual 
differences in the timing of moult) it is best to 
con_ccntratc on observations taken from those 
111d1v1duals which can be sexed with some 
confidence. fn the White-checked Honeyeater 
example above. emphasis could be oiven to the 
80.7 per cent _of birds which arc sex�d correctly
to at lcas_t a 9:, per cent level of probability. The 
cl�o1ce of_ pro_bability level is one for the analyst 
after taking 111to consideration the aims of the 
study. the 95 per cent level being a custom rather 
rhan a rule. Hi�her ?r lower levels of probability 
may be appropriate 111 some cases. but it is always 
necessary to find a suitable compromise between 
very high probability limits (which leave too many 
birds unsexed) and very low limits (which sex too 
many individuals incorrectly). 

Non-usability of results 
Two fairly obvious principles are well worth 

remembering when analysing or publishing 
measurements. The fundamental reason for 
measuring a bird is to find out how large it is, and 
·_the first 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 size of 
either sex. Further. their exing thresholds cannot 
be used in other studies and their histograms are 
not given to a scale that allows readers to extract 
the information that they hold. These are serious 
problems. Measurements are genuinely useful 
and well worth publishing. but there is little point 
111 doing so unless data-sets are described in 
sufficient detail for them to be used by others. Tn 
the discussion we suggest ways in which this can 
be done. 

Does the intermodal trough give the required 
SO per cent threshold? 

The inter-modal trough located by Pyke and 
�rmstrong ( 1993) and used as a sexing threshold 
rs not alwa_ys the same as the value at which a bird 
rs equally likely to be male or female. The position 
of the m_ter-modal tr?ugh is determined by a 
combinatro_n of �hmgs, including size dimorphism. 
the sex ratio w1th1n the samrlc, the variation in 
size about the average in each sex, and the 
measurement intervals used to define the 
histogram. 
The effect of unequal sex ratios. Sex ratios within 
a sample of birds will not always be equal. no 
�atter how large the sample is. For example, 
virtually all Grey Plovers migrating as far south 
as Au�traha arc thought to be females (Marchant 
and H1gg111s 1993; A. M. Dunn. pers. comm.); in 
European Sparrowhawks differential mortality of 
the sexes t1_ps the sex ratio of adults strongly in 
favour of lcmales (Newton 1986). If a sample 
conta111s a large proportion of birds from the 
larger sex, the plotted rosition of the inter-modal 
trough will be lower than it would be if the sex 
ratios were equal. This is demonstrated in Figure 3; 
e_ach pl?t 1s from the same data-set (i .c. relative 
sizes of males and females are equal throughout) 
yet the location of the intermodal trouoh varies 
substantially with sex ratio. 0 

The effect of unequal standard deviations. Even 
when the sex ratio is 50 per cent. the intcrmodal 
trough will differ from the 50 per cent threshold 
when the standard deviation (i.e. the scatter of 
measurements around the average) differs in each 
sex. This is a common situation because equal 
standard deviations will only occur when the 
larger sex is relatively less variable in size than 
the smaller sex. In general. standard deviations 
arc larger for the larger sex (see. for example, 
measurements of independently sexed birds in 
Rogers et al. 1986, Marchant and Higgins 1990.

1993). In such cases the true 50 per cent threshold 
will be less than the value at the intcrmodal 
trough. If standard deviations are not estimated 
the inter-modal trough will provide an estimat� 
of the 50 per cent threshold value which has a 
bias of unknown size and direction. 
The use of ·eyehal/ing' in drawing conclusions. 
Visual inspection of the data is a necessary. 
though not a final, step in any serious analysis, 
but it can be misleading. Pyke and Armstrong 
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Figure 3. Example of head-bill di.Hributions for two samples of 
mi.red wr drawn from the same populmio11 of White-cheeked 
l/011eyeaters. sholl'ing different i11ter-111odal troughs. In the 
sample depicted by a solid line. 75 per ce111 of birds are 
Ji•111ule and 25 per ce111 are 111ale; in that depicted by a broken 
line. 25 per cent are female a11d 75 per cem are male. Means 
and :,w11dard dCl'iatio11.v are the sm11e for l>orh samples: 45.Y
and 1 .05 respcctil'e/y i11 males, 42.4 and 0.95 respectively in 
Ji•11wles. 

combined measurements of  immatures and a dults 
on the grounds that the histograms of the separated 
age classes looked similar. This is hardly surprising 
given that they used h istogram intervals which 
were larger than age-related si ze-differences 
previously reported by Rogers el al. (1986, 1 990). 
E ven when a ge-related differences in size arc 
slight, they can affect sexing analyses of data-sets 
in which a ge-classes are combined; males and 
females will appear more variable in s ize than 
they really a re and fewer birds will be sexed in 
consequence. 

Eyeballing can be insufficient to j u dge whether 
or not a histogram demonstrates size dimorphism. 
For example. Pyke and Armstrong ( 1993) 
published a histogram of the head-bill measure­
ments of Yellow-faced Honeycaters. It does not 
show the clear peaks and trough associated with 
a double-humped distribution and Pyke and 
Armstrono concluded that 'the distribution was 

b . . . . unimodal'. We suspect this histogram 1s con sistent 
with a sample from a species in which the sexes 
differ slightly in size (see Rogers _et al. 1986). In
such circumstances the resultant histogram can be 
single-humped, even when there is a real_ size
difference between males and females (see Figure 
4) . The characteristic bimodal h istogram is only 

seen when there is a fa irly large and consistent 
s ize difference between the sexes . Pyke and 
Armstrong could have tested if their h istogram of 
Yellow-faced Honeycater head-bil l len gths con­
cealed slight size dimorph ism by comparing it 
against a normal distri bution, perhaps by applying 
a chi-squared test or by plotting the cumulative 
distribution on probability paper (Harding 1949). 

Sampling error. A histogram of a sample 
measurement is unlikely ever to show the perfect 
regularity expected from distributional considera­
tions. The numbers of birds in some intervals will 
be higher than expected, and in some interva ls 
they will be lower; this random variation (sampling 
error) is most strikin g when samples arc small . 
Accordingly histograms tend to look messy unless 
samples are very large; it can thus be difficult to 
locate the exact position of the intermodal trough 
in small data-sets. In practice the samples needed 
for an attractive histogram arc larger than those 
needed to provide good estima tes of mean and 
standard deviation. Over- or under-representation 
of intervals is especially likely to be striking in the 
region of the intermoclal trough because smaller 
numbers of birds occur in that area. There is 
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Figure 4. Distrib111io11s of head-bill 111ea.rnremems for adult 
Yellow-faced Ho11eyearers; males and females separately a11d 
combined. The combined distrib111io11 i.1· si11gle-hu111ped. 
Based 011 data published i11 Ro!iers et al. ( 1 986): 

No. of Standard 

birds Mean deviation 

Males 62 34.2 0.79 

Females 60 33 1 0.63 
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therefore potential for the observed intermodal 
trough to differ from the ' true' one, especially 
when the data-sets analysed are sm aller than 
those available to Pyke and Armstrong. 
Choice of histogram in1ervals. Last but not least 
the position of the inter-modal trough is affected 
by the histogram intervals selected. Large intervals 
may define the trough but the 'threshold' will lie 
in a relatively large range. Small intervals are 
subject to large sampling error, so the plotted 
position of the intermodal trough may be  unclear 
or 1 11accurate. The definition of a h istogram is at 
the choice of the analyst. Different choices of 
starting point and interval size can dramatically 
alter the appearance of a h istogram, particularly 
w1_t_h sm aller samples ( e.g. Silverman 1986).
Dif ferent analysts working with the same data sets 
could make different choices and find different 
intermodal troughs. 

VALIDATION OF SEXING CRITERIA 

Pyke and Armstrong (1993) tested sexing 
threshold values by looking at measurements of 
77 New Holland and 47 White-cheeked Honey­
eaters which had been sexed on the basis of brood 
patch or behaviour. They concluded that 8 per 
cent of New Holland and 1 1  per cent of White­
checked Honeye aters from these samples were 
sexed incorrectly by using head-bill thresholds. 
H owever it is not possible to say that these figures 
apply to the study popu l at ion in general, for 
sampling error may well have affected their 
results. Very large sam ples of sexed birds are 
needed to ensure that the representation of very 
small males and very large females caught (i.e. 
the b irds most likely to be m is-sexed) in the 
sample is simil ar to that occurring in the entire 
study population. In general it is more accurate 
to use means and standard deviations (which are 
calculated from the entire data set) to predict the 
nature of size overlap between males and females. 

There are also practical disadvantages to the 
validation method used by Pyke and Armstrong. 
In many circumstances bird-banders will have few 
or no opportunities to sex individual birds 
directly, particularly if they are working from old 
data-sets. Provided that they know which sex is 
larger, analysts using procedures which unscramble 
mixed norm al distributions do not need samples 
of independently sexed birds. The suite of 
programs presented by Rogers (1995) also allow 
the analyst to examine the effects of sample size 

and measurement precision on the performance 
of sexing criteria. 

DISCUSSION 

. In m ost species of bird, the sexes overlap in
size and measurements wil l not allow reliable sexing 
of every individual. This docs not mean that 
attempts to use biometrics in sexing birds will be 
fruitless; a soundly based approach that will 
permit a large proportion of birds to be sexed is 
certainly better than leaving all birds in a study 
population unsexed. In addition, the analyses 
m volved are helpful in describing samples. 

A n ormally d istributed sample is described by 
its size (i.e. number of birds), mean and standard 
deviation. For species in which the sexes d iffer in 
size, these parameters ough t to be presented 
separately for males and females. In  such cases, 
combining measurements of both sexes is 
unsatisfactory because the value of the mean will 
depend on the sex ratio within the s ample. For 
similar reasons, measurements for d ifferent age 
classes should only be combined when it is clear 
that the ages d o  not differ 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 sexing. This 
meth od would make the average measurements 
for each sex appear more d ivergent 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 he justified in publishing their raw 
data in a form which allows other readers to use 
it. Tabular h istograms with small intervals are a 
convenient way of d oing this. For further 
information and an example, see Rogers (1995). 

Pyke and Armstrong (1993) state in their 
discussion that their method is suitable for region­
specific studies. This commentary h as shown that 
their m ethod is subjective, is subj ect to b iases 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 trough. 
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They also state that i n  cases where accurate 
sc_xing is not possible on the basis of a single type
of measurement, analysis of a combination of
mea�urem?nts ·using multivariate techniques such 
as d1scnm 111ant analysis' may be required. We 
agree that multivariate techniques are potentially 
better than univariate ones, but they should not 
be regarded as a cure-all. First, no statistical 
method will allow accurate sexing if the samples 
arc too small or if the size differences between 
the sexes are too slight. Secondly, multivariate 
analyses are much harder to understand and 
perform than univariate ones and require larger 
samples because more parameters need to be 
estimated. Thirdly. published guidelines are 
rather inaccessible. for as yet ornithologists 
appear not to have used multivariate techniques 
appropriate for estimating sex from multivariate 
data when no independently sexed birds arc avail­
able. Discriminant analysis requires a sample of 
sexed birds. There is an extensive literature on 
the use of discriminant analysis in sexing birds 
from measurements. Criticism of these papers is 
beyond the scope of this commentary but we 
would suggest that ornithologists using discriminant 
analysis describe the ·grey zone· in which sexing 
is unreliable, and consult Fatti el al. (1982) for 
formulae that deal with situations when standard 
deviations are not equal in each sex. 

I t  has not been our intention in this commentary 
to imply that sexing birds by measurements is a 
problem that can only be addressed by sophisticated 
statistical techniques, nor do we want to suggest 
that there is no room for new analysis techniques. 
We doubt, however, that short-cuts will prove 
helpfu l ,  for any new method of analysis should 
fulfil the following two conditions: it should 
provide unbiased estimates of the size of each sex 
and it should find the limits of the 'grey zone' in 
which measurements do not provide a reliable 
sexing guide. 
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