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This paper presents a suite of user-friendly computer programs designed for univariate analysis 
of measurements of sexually size dimorphic birds which have not been sexed by other means. Two 
of the programs estimate the measurement parameters for each sex (number, mean, standard devia­
tion) and t-No use thes

_
e estimates to produce a sexing criterion or rule by which a sex can be assigned 

to ind1v1dual birds. Utility programs for preparing bivariate histograms are also presented. Although 
designed for the problem of sexing birds on measurements, the programs can be used for other 
univariate problems involving the separation of mixed normal distributions. The programs are only 
available for IBM machines (or clones) operating under DOS and are available from the Australian 
Bird Study Association, PO Box A313, Sydney South, NSW 2000. 

OVERVIEW 
Pyke and Armstrong ( 1993) described a 

method for assigning sex to birds of a species in 
which the sexes differ in size, with overlap 
between the sexes, but not in plumage. Rogers 
and Rogers ( 1995) expressed serious concerns 
with their approach but recognized that no 
convenient method was available to those who 
hold large data sets on such birds but who can do 
little with them without becoming statisticians. 
This paper describes a suite of user friendly 
computer programs, collectively called SHEBA, 
which help to fill this gap. 

Many people, particularly bird banders, will 
have samples ( often large) of measurements of 
birds for species which cannot be sexed on 
plumage. If the sexes differ in size, as is often the 
case, the measurements can be used to give an 
indication of the sex of individual birds. The 
histogram of a measurement for such a species will 
usually be double-humped (Rogers and Rogers 
1995). SHEBA provides the means for develop­
ing a sexing criterion or rule from such data. 

The first task is to separate the sexes i.e. to 
estimate the average size and the variability of 
size about this average for birds of each sex. The 
second task is to develop, using these parameters, 
the required sexing criterion. It may not be 
possible to sex all birds; this depends on the 
requirements of the analyst and how certain he 
wants to be of not assigning the wrong sex. A 
trade-off has to be made between the conflicting 
desires of sexing as many birds as possible and 
getting the sex wrong in as few cases as possible. 
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This is a difficult statistical problem and this 
paper does not deal with the statistical detail.
Rogers et al. ( 1986) and Rogers and Rogers
( 1995) describe the relevant considerations. The 
statistical detail will be dealt with in papers on the 
more difficult problem of sexing birds using more 
than one measurement (Rogers, unpubl.). The 
programs are presented in an interactive format 
requiring the user to set the programs going and 
respond to questions on the computer screen. 

The programs were designed for the problem of 
sexing birds and this paper confines discussion to 
this topic. They could be used for the analysis of 
other data sets, however generated, subject to the 
assumptions used. Before using them for sexing, 
the analyst must determine if an observed size 
dimorphism (i.e. a double-humped histogram) is 
due to sex or some other reason. This information 
will be available from the literature for many 
species; for others, examination of museum skins 
or cloacae of birds in breeding condition will 
help. 

The only preliminary work required before the 
programs can be used is the preparation of a 
histogram of each measurement to be considered. 
Guidelines for doing this are given in Appendix 
A. In Appendix B, a general explanation of how
the programs work is given.

The next section of the paper describes the 
programs. The following section illustrates their 
use and outputs. Some general comments 
concerning their application are made in the final 
section of the paper. 
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THE SHEBA PROGRAMS 

SHEBA contains two programs for separating the sexes, 
'.wo for developing sexing criteria, and two utility programs. 
rwo versions of each program are provided. One version 
prnHs the output: the mhcr sends the output to a computer 
file. rhc latter version 1s provided in case some combinations 
of computer and printer do not like the printer version. 

Full operating instructions are provided with the programs. 
The programs. and the operating instructions. guide the user 
on the few choices that the programs request. 

Separa1i11g rhe Sexes 
The two programs arc HUMPS and HUMPS_UY. Both 

estimate for each sex: 
• the number of birds:

• the average value of the measurement: and 

• the standard deviation of the measurement.

In addition. HUMPS_UY estimates how well these
parameters have been estimated. It also produces better 
parameter estimates. The outputs enable a more robust sexing 
criterion to be developed than do those of HUMPS. 
Accordingly. HUMPS_UY is the preferred program but it 
does need good starting values to work (see below) and these 
can be provided by HUMPS. 

HUMPS_UY requires starting estimates of the number of 
birds in the smalkr sex and their average measurement, e.g. 
wing length. head bill (total head) length. The starting estimates 
arc then succcssively improved automatically until no further 
improvement is possible. The program may not work if the 
starting estimates arc not reasonably close to the final ones. 

HUMPS works by evaluating a number of possibilities 
defined by a range of starting estimates provided by the user. 
The results arc summarised on screen giving the analyst the 
opportunity to refine the ranges. This revision of the ranges 
can be continued as many times as needed to reach an answer 
of the required accuracy. The final estimates produced by 
HUMPS have always (so far) worked as starting estimates for 
HUMPS_UY. 

HUMPS n.:pla,es an earlier version of the program which 
has been around for some time. 

Sexing Criteria 
The programs. CRIT and CRIT_UY, estimate the sexing 

criterion. Not all birds will be assigned a sex. the number that 

will depending on how conlidcnt the user wants to be of not 
assi_gning_ the wrnng sex (sec Rogers ancl Rogers 1995). The
sexing cntenon 1s presented as: 
• the required minimum probability of correct scxing:
• the upper limit of size for birds of the smaller sex: 
• the lower limit of size for birds of the larger sex. 

The limits arc expressed in terms of the precision with which 
the measurement concerned can be measured (e.g. I mm for 
w111g length._ 0: I mm . for heacl-bill length). Bircls falling
between the hrnns (1.e. rn the grey zone of Rogers and Rogers 
1995) will be unsexcd. The programs also give the percentages 
of birds which will be sexed correctly. wrongly, or unsexcd. 

CRIT_UY is the preferred program as it uses the 
information from HUMPS_UY on the accuracy with which 
the parameters arc estimated ancl the correlation between 
them. In particular. it accommodates the effect of sample size 
on the sexing criterion. 

CRIT gives an approximate criterion which may be all that 
is possible if thc user is using summary data. as from a hand­
book for example. This version replaces an earlier version of 
the program which has been around for some time. 

Utiliry Programs 
These arc programs which the analyst might find useful in 

preparing data for input to HUMPS and HUMPS_UV. 

1 -IIST _BY compiles a bivariate histogram of any two 
measurements from a data file, e.g. wing length against head 
bill length. In this case. the program gives the number of 
observations which fall in every combination of wing length 
and head-bill length interval. The output allows for quick 
visual examination of the data for outlying or possibly wrongly 
measured data points. If any such points arc identified. the 
analyst may choose to exclude them from the analysis. The 
program also compiles univariate histograms which can be 
used as input to HUMPS and HUMPS_UY. 

MIN MAX finds the minimum and maximum of each vari­
able of the data file used as input to HIST _BY. These facilitate 
specification of the histograms. 

USE AND OUTPUTS OF PROGRAMS 
Data on head-bill lengths of 115 adult-plumaged 

Eastern Yellow Robins Eopsaltria australis, 
which were banded at several sites in Victoria, 
are analysed here. Table 1 gives the histogram of 

TABLE 1 
Histogram of Eastern Yellow Robin head-bill lengths. 

Mid-point of Histogram Interval (mm) 
34.0 34.5 35.0 35.5 36.0 36.5 37.0 37.5 38.0 38.5 39.0 39.5 40.0 40.5 41.0 

Observed 
frequency 7 10 9 10 7 7 17 12 

Note: Lower limit of the first histogram interval is 33.75 mm. Interval size is 0.5 mm. 

17 12 4 0 
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these measurements: these arc the only data 
required to use the programs. Examination of
museum skins ( Rogers et al. 1 986) showed that
males arc usually larger than females for this 
species. The histogram is not perfectly regular 
being based on a fairly small sample but shows 
clearly the double humped shape characteristic of 
data from a well separated sex size dimorphic 
species with the peaks of the humps at approxi­
mately 35.5 mm and 38 mm. The peaks are 
sufficiently close to suggest some overlap in size 
between the sexes. 

Sexing Programs 
Operation. The histogram is input to either 

HUMPS or HUMPS_UV. This can be done in 
one of two ways. either by providing information 
through the keyboard as requested by the 
programs or by preparing an input file of the data 
( using any text editor or word processing 
program) .  File entry is better and. ultimately, 
easier for the user. The user is asked to make a 
choice concerning the variability in size of the two 
sexes. 
• either that the absolute variation in size about

the average is the same for both sexes; or
• that the relative variation in size about the

average is  the same for each sex (implying a
larger absolute variation for the larger sex ) .
The second choice seems more plausible than

the first and examination of many data sets 
suggests that it is more generally applicable. With 
smaller birds and/or measurements, the first 
choice may give a better answer because the 
difference between the choices is small and may 
not be detectable, particularly with small samples. 
Also, measurer variation is  more likely to mask 
any underlying pattern in small measurements. I t  
would be good practice to  run the  programs using 
both choices to see which is most appropriate for a

particular data set. 
Both programs produce printed output and an 

output file. The output files of both can be used �s 
input to both CRIT and CRTT_ UV ;  the latter will 
only work with the file from HUN!PS_ UV. T_hc
user has the option for keyboard mput . Agam, 
the programs offer choices. The crucial ones arc: 
• how sure the user wants to be that the wrong

sex is not assigned (the minimum probabi l i ty
of correct sexing): and

• how precisely the measurement can be
recorded in the field. It would be silly to report
a sexing criterion to three decimal places for a
measurement that can only be recorded to the
nearest mil l imetre (e .g .  wing length ) .

CRIT _UV also needs information to  calculate
the accuracy of the final estimates. The user 
can use the default values provided or choose his 
own. 

Outputs. Only the outputs of HUMPS_UV and
CRIT _UV arc described. These give the complete 
results. HUMPS and CRIT only provide part of 
them. 

Figure I shows the outputs of HUMPS_UV 
using these data. Most of the entries in the table 
are self-explanatory. The table gives the observed 
and expected values in each histogram interval; 
clearly the fit i s  quite good. The area of over­
lap between the sexes, the grey zone of Rogers 
and Rogers ( 1995) ,  lies between 35 .25 111111 and 
38.25 111111 . The difference between the means is  
large relative to the standard deviations, so a 
good sexing criterion can be expected. The 
standard errors are a measure of how well the 
parameters have been estimated; they are used in 
CRIT_UV in calculating the sexing criterion. 

The programs require a measure that tells the 
analyst how good the answers are. Four are 
provided; sec Appendix B for details. The final 
line gives the value of chi-squared, grouping 
histogram intervals so that all expected values are 
greater than or equal to 5. This value is comparable 
with chi-squared calculated by HUMPS. 

The non-statistician can gain a sensible idea of 
how good the estimates are by simply comparing 
expected with observed values. 

Fioure 2 shows the output of CRIT _UV. The 
top 

0
part of the table repeats the input data 

estimated in HUMPS_UV. 

If  the measurement parameters (of wing, say) 
arc known precisely, the probabil i ty that each 
sex wil l have a particular wing length is easily 
calculated. I t  is also easy, using these probabilities, 
to estimate the probability that a bird with this 
wing length is  a male or a female. With a l itt le bit 
more work, it is possible to find the values of 
wing beyond which the probabilit ie� arc greater 
than the required minimum probability of correct 
sexing. This is done in the program CRIT. 
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HUMPS __ uv

SPEC I E S :  

Date: 04- 0 7--.1 994

MEASURE: 
AGE GROUP : 

Eastern Yellow Robin 
Head-Bill Length 
Adult 

EQUAL COEFFICIENTS OF VARIAT ION 

ESTIMATES 
SMALLER 
SEX 

LARGER 
SEX 

NUMBER OF B I RDS 
MEAN 
S . D .  

ASYMPTOTIC STANDARD ERRORS 

4 1  
3 5 . 416  

0 . 802 

A . S . E . ,  SMALLER NUMBER 
A . S . E . , SMALLER MEAN 
CORRELATION BETWEEN EST IMATES 

OBSERVED AND EXPECTED VALUES 

74 
38. 148

0 . 863

1 . 2060 
0 . 0368 
0 . 9218 

Interval 
Mid-Point 

Observed 
Frequency 

Estimated Frequency 

< next I ' val 
34 . 000 
34. 500 
3 5 . 000 
3 5 . 500 
36 . 000 
36. 500 
3 7 . 000 
3 7 . 500 
38 . 000 
38 . 500 
39 . 000 
39 . 500 
4 0 . 000 
4 0 . 500 
4 1 . 000 

> last ! ' val

0 
1 
7 

10  
9 

10  
7 
7 

17 
1 2  
17 
1 2  
4 
0 

1 

0 

MAXI MUM LOO-LIKE LIHOOD 
APPROXI MATE CHI-SQUARED 
CHI-SQUARED (Observed> □ )  
CHI-SQUARED ( Min expected=S) 

Fig. I .  HUMPS_UV output. 

All 

0 . 8  
2 . 2  
5 . 3  
8 . 8  

1 0 . 2  
8 . 6  
7 . 0  
8 . 7  

13 . 2  
1 6 . 7  
1 5 . 6  
1 0 . 5  
5 . 1  
1 . 8  
0 . 5  
0 . 1  
0 . 0  

Smaller 

0 . 8  
2 . 2  
5 . 3  
8 . 8  

1 0 . 0  
7 . 8  
4 .  1 
1 . 5  
0 . 4  
0 . 1  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

-284 . 4616
1 3 . 995
1 5 . 742 
3 . 888  

Lar·ger 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 2  
0 . 8  
2 . 9  
7 . 1  

1 2 . 8  
1 6 . 6  
1 5 . 6  
10 . 5  
5 . 1  
1 .  8 
0 . 5  
0 . 1  
0 . 0  

DEGREES O F  FREEDOM 
DEGREES OF FREEDOM 
DEGREES OF FREEDOM 

14 

14 
10  

Corella 19(1) 
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CRI T_UV Date : 04-07-1994 

SPEC IES  Edstern Yellow Robin 
MEASURE Head-Bill Length 
AGE Adult 

I NPUT DATA 

NUMBER 
MEAN 
S . D .  

SMALLER 
4 1  

3 5 . 4 16 
0 . 802 

A . S . E .  SMALLER NUMBER 
A . S . E .  SMALLER MEAN 
A .  CORRE LAT !ON 

MONTE CARLO EST IMATES 

LARGER 
74 

38 . 148  
0 . 863 

1 . 2060 
0 . 0368 
0 . 9218 

COUNT 

SMALLER SEX NUMBER 1000 
SMALLER SEX MEAN 1 000 
SMALLER SEX NUMBER - A . S . E .  1000 
SMALLER SEX MEAN - A . S . E .  1000 
ASYMPTOTIC CORRELAT ION 1000 

CONSEQUENT IAL  EST IMATES 

SMALLER SEX S . 0 .  
LARGER SEX MEAN 
LARGER SEX S . 0 .  

1000 
1000 
1000 

UPPER L IM I T  FOR SMALLER SEX 1000 
LOWER L I M I T  FOR LARGER SEX 1000 
% RIGHT 1000 

SEXING CRITERIA 

MEAN 

4 0 . 9510 
35 .  4146 

1 .  2041 
0 . 0368 
0 . 9211  

0 . 8024 
38. 1467 
0 . 8643 

35 . 9859 
3 7 . 4812  
7 7 .  0462 

s . o .  M I N  MAX 

1. 1463 3 7 . 000 44 . 000
0 .  03 72 3 5 .  277  35 . 519 
0 .  0789 0 . 920 1 . 441 
0 . 0024 0 . 028 0 . 045  
0 . 0139 0 . 8 1 '., 0 . 958 

0 .  0132 0. 761 0 . 853 
0 . 0235 38. 065 3 8 . 217 
0 . 0138 0 . 822 0 . 91 7  
0 . 0401 35 . 836 36. 104 
0 . 0423 37 . 295 3 7 . 641 
l. 7273  69.  491  8 3 . 316

SEX PROPORT !ONS NOT USED IN  CALCULATING CRITERION 

MINIMUM CONFIDENCE LEVEL OF CORRECT SEXING 95 . 00 % 

ADJUSTMENTS UL SMALLER LL LARGER SEX RIGHT D . K .  WRONG 

None 35 . 98586 37 . 48116 BOTH 7 7  . 06 2 2 . 38 0 . 56 
SMALLER 7 6 . 18 2 3 . 32 0 .  '>0 

LARGER 7 7 .  94 2 1 .  44 0 . 62 

Sampling 35. 91983 37 . 55077 BOTH 74 . 5 1  2 5 . 04 0 . 4 4  

SMALLER 7 3 . 55 26 . 06 0 . 39 
LARGER 7 5 . 4 7  24 . 03 0 . 50 

Measurement 3 5 . 90000 3 7 . 50000 BOTH 7 5 . 01 24 . 52 0 . 47 

SMALLER 72 . 74 26 .  79 0 . 47 

LARGER 77 . 28 2 2 . 25 0 . 4  7 

Bott-1 35 . 90000 3 7 . 60000 BOTH 7 3 . 19 2 6 . 4 1  0 . 39 

SMALLER 7 2 . 74 26 . 94 0 . 32 

LARGER 73 . 65 25 .89  0 . 4 7  

Figure 2 .  CRIT U V  output. 

29 
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If, however, the measurement parameters are 
not known precisely, calculating the probability 
that a bird with a given wing length is a male is a 
difficult analytical task. It is tackled in CRIT_UV 
by a Monte Carlo calculation, the results of which 
are given in the middle part of the output (Fig. 2). 

Using the HUMPS_UV outputs, a large 
number of random samples of the parameter 
estimates are made. The simple CRIT method is 
applied to each sample and a number of estimates 
of the criterion limits obtained. Knowing the 
variability of the criterion limits, the sexing 
criterion can be set to ensure that sex is not 
assigned at less than the required confidence 
level. This correction to the expected criterion 
limits is the sampling adjustment. Finally, the 
measurement adjustment is made. This rounds 
the upper limit of size for the smaller sex down, 
and the lower limit of size for the larger sex up, to 
the nearest unit of measurement precision. Again, 
this is necessary to ensure that no birds are sexed 
at less than the required confidence level. 

The Monte Carlo estimates (split into two 
parts, those sampled and those calculated using 
the sampled values) show that the input data have 
been well reproduced and suggest that the criteria 
presented in the bottom part of the table are 
likely to be robust. 

How many samples should be taken in the 
Monte Carlo calculation cannot be generalized. 
The number will depend on sample size and the 
separation between the sexes. A good way to 
proceed is to take a small sample first, say 100, 
and see how well the input data are reproduced. 
Certainly, a fit to at least three significant figures 
is required. If this is not achieved, a larger sample 
is required. As a general rule, a sample of four 
times the size is needed to double the precision 
of the estimates. 

The sexing criteria part of the output (Fig. 2) 
shows how well the sexing criteria perform. The 
top of this part of the table reports that sex 
proportions (those of the sample) were not used 
in calculating the criteria. This is appropriate if the 
criteria are to be used for sexing birds from outside 
the sample when the expected sex ratio is 50 per 
cent. If the sex ratio is known to be different from 
50 per cent, as might be the case if the criterion 
were to be applied only to the sample birds for 
example, this prior knowledge should be built into 
the criterion. This option is available in the program. 

MINHAX OATC 04-07- l n.; 

Minima ,rnd Hax)ma. of Vdri.c:.bles on rile · WPHC4VAR.PRN 

73.U0 31..G0 f,4.00 .l'.:".40 

"?3.00 37 1il') 88,0[') 26.20 

Figure 3. MINIMAX output. 

Sexing criteria are given if no adjustments are 
made and if the sampling and measurement 
adjustments are applied separately and together. 
Overall some 4 per cent fewer birds will be 
correctly sexable if both adjustments are made 
than if neither is. This result cannot be 
generalized as less well behaved data can lead to 
far bigger reductions in the percentage of birds 
which can be sexed with confidence. Note that, 
for these data, the sampling adjustment has no 
effect on the upper limit of size for the smaller 
sex. This will not always be the case. 

Utility Programs 

Data on adult White-plumed Honeyeater 
Lichenostomus penicillatus, caught in Victoria, 
are used to illustrate these programs. 

Figure 3 gives the output of MINMAX. It 
simply gives the minimum and maximum of each 
variable on the input file. 

Figure 4 gives an example of the output of 
HIST_BV, plotting Wing length against Head­
Bill length. Similar plots could be obtained for 
any other combination of variables. The output 
throws up a number of suspect data points e.g. 
the one with a Head-Bill of 33 mm and a Wing of 
89 mm. This would appear to be a female on 
Head-Bill and a male on Wing; one or both of 
these measurements would appear to be in error. 
The output (Fig. 4) also suggests that a bivariate 
sexing criterion is likely to be considerably more 
effective than a univariate one. 

COMMENTS 

A danger with producing easily used programs is 
that people will use them indiscriminately. If 
rubbishy data is put in, perhaps containing 
obviously suspect data points or poorly chosen 
histogram intervals, the programs might produce 
answers which look good but which are wrong. 
Used sensibly, the programs should help the 
analyst to gain an understanding of his data. 

Histograms are not always as obviously double 
humped as that for the Eastern Yellow Robin 
data used here. if there sis considerable overlap 
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D A l  [ 0• 07·· J 99-1 
I NP U I  F I LE wph�4 va r .prn 

I ;wer LjmiL 
I nr-, ement 

Wi.119 

7 7 . 5  

a.Jserv.:ttions 5 4 8  
r.orr.  Coeff . .624 0796 

2 2 

l 

3 

l 
5 2 

3 6 4 

2 , 1 1  8 
LO B 

2 9 9 

2 4 7 B 
3 8 8 6 
2 5 3 

3 7 4 

3 3 2 
4 2 

HE:,1d- Bi. 1 1  

6 

8 
9 
6 

12 

6 
lO 

8 
I 
5 

2 
l 

by 

1 
4 3 

3 G 6 

7 11 1 2  
8 l 5  l l  

1 7  3 9 

1 2  8 5 

1 6  3 9 

4 l 2

'., 2 2 
? 3 

2 

l 

Head Bil l 

3 1 . 7 5 
. 5 

l 

2 
l 
2 'l 

6 L 
3 2 
l 

3 

3 

Winq 

2 93 . 00 
3 9 2 . 00 
9 9 1 . 00 

20 90 . 00 
4 2  8 9 . 00 
48 Bil . DO 

40 8 7 . 00 
44  8 6 . 00 
4 4  85 . 00 
33 84 . 00 
39 8 3 . 00 
'.,5  fl? . 00 
4 �  8 1  . 00 
40 80 . 00 
30 7 9 . 00 
] 4  7 8 . 00 
1 5  7 7 . 00 
9 7 6 .  00 

1 1  l o . 00 

1 4 .  00 
7 3 . 00 

7 20 ,2 6 7 7 1  8') 84 60 68 2-1 5 

32 . 00 33.00 34 . 00 3 5 . 00 36 . 00 37 . 00 
32 . 50 33 . 50 34 . 50 3 5 . ,0 36 . 50 3 7 . 50 

Number .:,f Hirotogram I ntervals Head - Bil l  1 2  W i n g  2 1  

Figure -l .  /-11S1' BV owp111. 

between the sexes. the histogram might even be 
single humped. If it does not follow the clear bell 
shaped curve of the normal distribution (it might, 
for example, have a flat top or a bulge to one 
side). separation of the sexes might still be 
possible. Rogers and Rogers ( 1 995) give an 
illustration of this. 

Successful separation of the sexes does not 
necessarily mean that a useful sexing criterion can 
be obtained at a comfortable minimum level of 
confidence of correct sexing. This can happen i f  
the  variability of  the measurements i s  large 
relative to the difference between the means; in 
this case. the grey zone will be large. 

Use of the SHEBA programs does not prove 
that a species is sex size dimorphic; it does show 

that the sample can be considered as conta1nmg 
two groups of birds of different size. Independent 
evidence is needed to attribute that size difference 
to sex. Note that a sample may contain more than 
two humps; this might arise if, for example, i t  
contains different subspecies o r  ages. ln this case. 
some birds may have to be removed from the data 
before using SHEBA. 

First t ime users of SHEBA might find it helpful 
to practice with the data used here (which is 
provided with the programs), first to repeat 
the results presented and, secondly. to gain 
experience with all the programs and choices 
available. Users who have difficulty with the 
programs or the documentation should contact 
me directly. 
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APPEND IX A 
HISTOGRAM DEFINITION 

Ueji11i111; " lli.1101;m111 

A histogram is defined by the lower limit of the smallest 
( lirs1) intnval (or bin) and the size of the interval . Thei 1 

selection should be considered together. 
The lower limit of the first interval should ohviously be less 

than the smallest observation. 11 should be specified 10 one 
more decimal place than the precision to which the measure­
ment is n.:conkd and. ideally. picked so that observations fall 
in the mid-point of the intervals. 

For example. if the smallest head-bill length is 37.4 mm, set 
the lower limit of the first interval 10 37 .35 mm if an interval 
size of 0 . 1 111111 is to be used: set the lower limit to 37 .25 mm 
if an interval size of 0.5 111111 is to be used . 

The smaller the interval size. the number of intervals will 
be larger and the number of observations in the intervals will 
be smaller. I t  is not a good itka IO have too many intervals 
with small (e .g . less than 10) numbers of observations. 

More intervals may be supported by large samples and, to 
some extent. the range (difference between the largest and 
the smallest observations) of the sample. Measurement precision 
also comes into it . It is all very well measuring head-hill 
lengths IO 0 . 1 111111 but. if a bird were to he measured several 
times. would the same measurement always be recorded by 
different mcasurcrs or. for that matter, by the same measurer? 
It might be better in such a case to use intervals of 0.5 mm 
which will largely overcome the problem. 

Ultimately. the analyst will have to make a not very hard 
subjective choice . Docs the resulting histogram look sensihle9 
If there arc too few intervals. much of the data will be 
concentrated in a small number of them and the histogram 
will not show how must of the observations vary . I f  there arc 
too many, the histogram will look like a saw tooth and may 
not show any pattern in the data . Generally, and this is a 
guide and not a rule, between 1 0  and 25 intervals will be 
found most useful. 

On a practical point. it is a good idea to use the smallest 
interval size the data will support. Should examination show 
that the intervals are too small, it is a simple matter to 'lump' 
adjacent intervals to give a histogram with larger interval 
sizes. This saves going through the data for a second time . 

Examples of Histogram Definition 

The table below shows some fairly typical histogram 
definitions which can be used over measurements of different 
sizes and precision . Wings arc measured to the nearest I mm, 

heacl-bills to the nearest 0 . mrn. weights (these arc for large 
birds) lo the nearest 5 gm. 

Measure 

Wing 

I lead-Uill 
Weight 

I .O\\.'Cr 
limit size 

I st Interval N11mhL'r of 

Minimum Maximum init::rval 

(,_] 

_)(,_() 

325 

80 

➔2.J 

395 

62.) 

.15.7) 

322.:") 

APPENDIX B 

0.5 
5 

18  

12  

15  

MORE INFORMATION ON THE PROGRAMS 

HUMl'S 
Apart from inputs and outputs. this is the same as the 

program made available in 1988 and used, at least. by Rogers 
et al. ( 1 990). Barter ( 1 985. 1986. 1989. 1990). Fry ( 1 990) and 
for which a prototype was used by Rogers et al. ( 1 986). 

Given the number of birds in one sex, the number in the 
other is readily calculated . Given also an estimate of the mean 
of one sex, the mean of the other is readily calculated . Given 
the above. it is possible to calculate the standard deviation for 
each sex if a simplifying assumption is made concerning how 
the standard deviations of the sexes differ (this assumption is 
discussed in the body of the paper) . 

The user specifies a range of estimates of the number in ,  
and mean of. one sex . Each range is  split into four equal 
parts. giving five estimates to he evaluated for each parameter . 
HUMPS works by calculating the remaining parameters for 
each combination of estimates and the number of observations 
expected in each histogram interv,1I. These arc compared with 
actual observations using chi-squared . The program produces 
(on screen) a map of chi-squared over the ranges and asks the 
user if he (or she) wants to try different ranges. This process 
allows the ranges to he successively redefined as the user 
homes in on the values which give the minimum chi-squared. 

HUMP.5- UV 
This program has the same theoretical basis as HUMPS but 

differs from it in two important respects. First, it searches for 
the parameter estimates which maximize the logarithm of the 
likelihood function (see, for example. Macdonald and Pitcher 
1979). Maximum likelihood methods are preferred to chi­
squared as, although both methods produce substantially the 
same estimates with large samples (Macdonald ancl Pitcher 
1979), maximum likelihood methods also estimate their 
accuracy (asymptotic standard errors) and the relationship 
between them (asymptotic correlation) .  These parameters are 
used in calculating sexing criteria by CRIT_ UV . 

Secondly, HUMPS_UV is an optimizing routine; given a 
starting point (initial estimates of the parameters), it uses a 
systematic grid search to find the parameter values which give 
the maximum of the likelihood function . The grid search 
works hy holding one of the initial parameter estimates steady 
and varying the other in discrete step sizes until no improve­
ment i n  maximum likelihood is possible . This revised estimate 
is then held steady whilst the same process is repeated for the 
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other .:,timatc. That is then held steady and th<.: pr0ccss 
rcpl·atcd for the firs I estimate. This 10-ing and fro-ing is 
rnntinued until nu further improvement in maximum likelihood 
is possible. 

HUMPS UV ha, alwavs worked when I IUMPS values arc 
w,cd as the initial c,timat�s. It could. however. fail to find the 
best answer if the data arc badly behaved ( for example. a saw 
lOoth histogram with lots of possible local peaks and troughs). 
I t  is a good idea with optimising programs 10 use a number of 
different scb of initial estimate, to ensure that a local 
optimum is not found. 

Thc program requires three items of input data that 
HUMPS docs nut. The two step sizes used for the grid search 
havc tu be specified. The program can take a lung time tu run 
if small stcp ,izcs arc specified initially. Things can be speeded 
up by ,tarting off with large ,tcps to find an approximate 
optimum and then running the program again with th<: 
approxima1e optimum c:-itimatc:-. as initial value� ant.I using 
smallc.:r step siLes. This i, particularly necessary with large 
!-oamplcs and many hi,tog.ram intervals. 

The linal item relates to estimating the standard errors of 
the estimates anti the correlation bet;•een them. This is done 
hy examining how the likelihood function changes in a small 
ranl!e around the maximum: a ,in�le number defines ·small' 
as ,; proportion of the final c,timat�s. The user may specify a 
required value or use the program default . 

The standard errors calculated arc asymptotic standard 
errors which will more closely approximate the true values to 
the extent that the likelihood surface is quadratic in the area 
of the maxi111u111 likelihood: this is generally considered to be 
a good assu111p1ion. Esti111a1ing the standard errors re,1uirc, 
the ,crnnd derivatives of the likelihood function with respect 
to the parameter, hcing estimated (the Hessian matrix) .  Since 
ii would he diffkult to find these analytkally. they arc estimated 
by calculating the first derivatives by finite diflcn;nccs and 
using the Gau,,ian approximation to the Hessian to give the 
required second derivative,. A useful introductory text on 
non-linear estimation 111c1hods is Sadler ( 1975 ) .  

The last four line, of the HUMPS_U V output (Fig. I )  give 
information on how good the final estimates arc. They arc: 
• MAXlt\ fUM LOG-LI KEI. IHOOD. This is the funuion

maximiLed hy the program. It can be convened directly to
an approximate esti111atc of chi-squared (Macdonald and
Pitcher 1979). the rnm111onlv used statist ic for mea,uring
the nirrcspondcnn; between observed and expected values:

• APPROXIMATE CHI-SQUARED. Calculated from the
maximu111 log-likelihood:

• CHI-SQUARED (Ob,crvcd > 0 ) .  The expected number
in each hi,tooram interval is calculated using the final
parameter estimate,. Chi-squared is calculated over all
histogram intervals containing at least one observation. The
value ,hould approximate the value in the line above .
particular!� for large ,ample,:

• CHI-S()LARFO (:--tin. cxpem:d = 5). Thi, i, the more
u,ual chi-squared mea,urc in which histogram intervals arc
h11npcd ,o that all cell, u,etl in the calculation have an
expected value ol :'i or greater. This is the chi-squared
calcu lated in I IU:--.IPS.

CIUT 

This program cakulatcs a sexing criterion using the outputs 
of HUMPS and HU MPS_UV. The criterion is expressed as 
the upper limit of size for birds of the smaller sex (ULS) and 
the lower limit of size for birds of the larger sex (LU.) subject 
to a sex being assigned to a minimum probability of correct 
sexing specified by the analyst .  II produces the same results 
as the program of the same name m,1dc available in 1988 and 
used hy Rogers 1·1 al. ( 1986). but inputs and outputs have been 
changed. The coding has also been changed in one place for 
faster operation hut answers arc unaffected. 

Using the estimated means and standard deviations. the 
probability that a male will have a particular wing length (say) 
is readily calculated from normal distribution theory. A ,imilar 
probability can he caleulated for a female with same wing 
length. I t  is not hard to calculate from these probabilities how 
much more likely a bird of unknown sex with that wing length 
is 10 be a male than a female. This can he generalized over 
all wing lengths that can occur. These figures can be examined 
to give theoretical values for ULS and LLL. the sexing criterion 
at any required minimum probability of correct sexing ( i t  can­
not he less than 50% ).  Two situations apply: if we have no 
reason to suppose that the sex ratio in the population is not 
50:50 or if we have reason to believe that the ratio is i111balanccd. 
The latter situation might apply to the sample birlb if i ts 
estimated sex ratio differs substantially from 50 per cent: i n  
this case a slight modification of the  criterion is indicated. 

The analy:,t has w select the minimum probability of correct 
sexing required. Convention would ,uggest 95 per cent for 
sexing individual birds - implying a never worse than I in 20 
chance of assigninl! the wr0nl! sex to a sinl!le bird. At thi, 
level .  more th;n 95 per cent Z,r birds will b� correctly sexed 
since the value onlv applies at the li111it . A minimum confidence 
level of 50 per cent would be appropriate if the analyst was 
only interested in the sex ratio . At this level. 111> birds will be 
un,cxed hut many will be wrongly sexed in the grey arc,1. 

The program makes one adjustment lo the theoretical 
criterion li111its. ULS and LLL can he estimated to a greater 
degree of accuracy than the measurement can be recorded in 
the field. Accordingly. the program rounds ULS down. and 
LLL up . to the precision with which the mcasun;ment 
concerned can b<.: recorded. e.g. wing lengths to the nearest 
millimctr<.:. head-bill lcn�ths to the nearest one tenth of a 
millimetre. This ensures that no birds arc assil!ncd a sex with 
less than the required minimum probability of (.>rrcct ,exing. 

The program will crash if  the separation of the scxc� is 
insufficient to support a criterion at the spccilicd minimum 
probability of correct ,exing. 

CRIT _UV (sec below) uses the standard errors of the 
estimates and the correlation between them to c,timate the 
samp ling error of the estimated confidence limits which can 
be used to define a more robust critcnon: 1f thts 1s tl(lne. the 
interval between the criterion limit, will be wider than that 
produced hy this program. CRIT has been inclmkd to enable 
a criterion to be obtained when only the distnbut tonal 
parametc•rs arc available a, is the case with much puhl_ishcd
data e.� .  many handbooks. The analyst will have to Judge 
whethe; or noi a criterion based on such data is meaningfu l. 
ft ,hould be if ,ample, arc large and ,cxe, arc \\di separated :  
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in thi, rn,c ,1andard nror, of  criterion limit;, arc likely to be 
small kad,ng 10 a ,mall sampling adjus1nwnt .  

CRIT_L.'\' 

. There arc two difference, between this program and CRIT.
r1r,t 1 1  makc, a ,ampling adjus1mcnt to 1hc 1heorc1ical crilcrinn 
limi1s produced in CRIT which reflcc1s how well defined arc 
the parame1crs cs1imated bv HUMPS_UV. The size of 1his 
adju,1111cn1 will depend on the numher of birtb in each ,ex in 
lhe ,ample. 1hc ,cpara1ion hel\\ccn 1hc sexes. and 1he cx1cn1 
In which 1hc da1a arc consi,1cn1 with normal distribution 
as�umption�. 

The ,econd diffcrem·e ari,e, because i i  is impracticable 
(ccnainly difficuh if possible) 10 calcula 1c the adjustment 
analytically but ii can be found hy a Monte Carlo calculatiun. 
In 1hi,. a large number of rando111 samples uf the number of 
bird, in the ·mailer ,ex. their mean. and the correlation 
bctwcen 1he estimate, is taken and the sexing cri1crion found 
for each ,ample. Thi, enable, 1he standard deviations of ULS 
and LLL 10 be found and the appropriate limit consistent with 
the required minimum probabili1y uf corrcc1 sexing 10 be 
found. The ,ampling adjustment is made before the measure­
ment prcci,ion adjustment. 

Thi, program can lake a long lime IO run depending on the 
speed of the rnmputcr used. the data. and the nu111ber of 
i\1onte Carlo sample, IO be drawn. If your computer is very 
slow. or you want a very large number of samples. you 111igh1 
plan the use of CRIT_LIV around mcalti111es or bedtimes. 
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RECOVERY ROUND-UP
This sectio11 i., prepared 11·i1J, the co-operatio11 of the Secretary. 

A11.11ralia11 R,rd a11d Rat Ba11di11g Schemes. Australian Nature 
Co11.\'l'n'atio11 A!!ellC\' . The reco1•eries are 011/y a se/ec1io11 of the 
tho11.w111tls rccci1•ed eaclt year: they are 1101 a complete list and 
slto11/d 110/ he a11af.ned i11 full or part witltn111 prior co11se111 of 
the handers co11cem1'd. Longevity a11d disrn11ce records refer to 
the A JJBBS 1111/ess otherll'ise suued. Tlte diswnce is the shortest 
di.1tw1ce in kilometres along the direct line joining the place of 
b111uli11g and r1•co1·ery: the compass direction refers to the same 
direct line. ( There is 110 i111plirntio11 regarding the distance floiv11 
or the ro11te followed hv the bird). Wltere availah/e A BBBS age 
codes /1111·e '"'1'11 i11c/11ded in the banding darn. 

/?cco1·err or longel'ity items may he rnb111i11ed directly 10 me 
id1ereupo11 tfu,fr 111erits for i11clusio11 will be co11sidered. 

Hon. Edi1or. 
The following. abbn.:via1ions appear in 1his issue: 
A WSG - Australasian Wader Study Group. 
NSW WSG - New Sou1h Wales Wader Study Group. 
VWSG - Victorian Wader S1udy Group. 

King Penguin Ap1e11ody1es pa1agonicus 
Y 1494*. Adu II ( I + )  banded un lie tic la Possession. Crozct 

bland,. Indian Ocean (46"25'S. S 1°45'E) in Dec. 90. 

Recovered. released alive with band on I lc.:ard Island. 
Antarctica (53"08'S. 73°43'E) on 13 Apr. 92. I 735 km ESE. 

*Frcm:h Banding Scheme hand.

Fiordland Penguin Eudyptes pachyrhynchus 
J 1 2  lJU•. Adu II ( I + )  banded al Taumaka Island, Open Bay 

Islands. New Zealand (43°52'S. 168°53'E) on 1 7  �uv. 93. 
Rccovered dead al Shelly Point, Sca111andcr. Tas. (4 1°28'S. 
148° 16'E) on 20 June 94. I 702 km W. 

'New Zealand Banding Scheme band. 

Wandering Albatross Diomedea exu/ans 
(a) 140-25 1 1 5 .  Banded by J .  0 .  Gibson al sea off Bcllambi.

NSW (34°20'S. 1 5 1 °00'E) on 22 Aug. 64. Recaptured.
released alive with band. on Adams Island. Auckland
Islands (S0°SS'S. 166°00'E) on 26 Jan. 94. over 29 years 5 
mon1hs after banding. 2 205 km SSE.

(b) 140-2580 1 .  Aduh ( I + )  banded by S. G. Lane at sea uf
Malabar. NSW (33°58'S. ISl016 'E)  un 25 June 66.
Recaptured, rekased alive with band. on Adams Island.
/\ucklands Islands (50055'S. l66°00'E) on 7 Feb. 94. over
27 years 7 months after banding. 2 229 km SSE.




